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The first edition of Handbook of Obesity 
Treatment appeared in 2002, 4 years after 
the publication of the Clinical Guidelines 
on the Identification, Evaluation, and 
Treatment of Overweight and Obesity in 
the Adults: The Evidence Report, produced 
by the National Heart, Lung, and Blood In-
stitute (1998). The second edition now ap-
pears 4 years after publication of the revised 
guidelines, which were issued by a joint 
committee of the American Heart Associa-
tion/American College of Cardiology/The 
Obesity Society (Jensen et al., 2014).

Sixteen years thus separate the publica-
tion of the first and second National Heart, 
Lung, and Blood Institute-supported guide-
lines, as they do the first and second editions 
of this handbook. This period has been 
marked by a dramatic increase in the sheer 
volume of research on obesity and on its 
health complications and management, as 
well as by a welcome change in the manner 
in which obesity is viewed by both health 
professionals and the public. In 2013, the 
American Medical Association classified 
obesity as a disease, challenging the long-
standing view that this condition is instead 
a lifestyle choice, attributable to poor eating 
and activity habits, purportedly rooted in a 
lack of willpower. Continued advances over 

the past two decades in our understanding 
of the genetically based regulation of body 
weight, as well as of the pernicious conse-
quences of a toxic food environment, have 
revealed the simplistic and stigmatizing na-
ture of explanations that blame individuals 
for their obesity and suffering.

Further progress has come with the in-
creasing recognition that obesity is a dis-
ease. In 2012, the U.S. Preventive Services 
Task Force recommended that primary care 
practitioners screen all adults for obesity 
and offer intensive behavioral intervention 
to affected individuals. At the same time, 
the Centers for Medicare and Medicaid Ser-
vices approved the coverage of this therapy 
for beneficiaries treated in primary care 
settings, a move that likely will increase 
reimbursement by other insurers. Growing 
numbers of physicians should be prepared 
(with other health practitioners) to provide 
comprehensive care for persons with obesity 
as a result of the emerging field of obesity 
medicine, which provides board certifica-
tion in this area of practice. Advocacy ef-
forts, supported by The Obesity Society, the 
Obesity Action Coalition, and the American 
Society for Metabolic and Bariatric Surgery 
also are improving patients’ access to weight 
reduction therapies, while also beginning to 

Preface
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address the prejudice and discrimination to 
which persons with obesity are subjected in 
other aspects of their lives, beyond health 
care.

Plan of the Book

The first edition of this Handbook contained 
27 chapters presented in six parts. This sec-
ond edition includes 42 chapters, presented 
in seven parts, an increase that reflects the 
marked increase in research and practice in 
this area. Although the title of this volume 
continues to emphasize the treatment of obe-
sity, the 42 chapters provide a comprehensive 
overview of the epidemiology, multifacto-
rial etiology, and health consequences of this 
disease, in addition to the focus on obesity 
management. We hope that all seven parts 
of the volume will be of interest to readers; 
however, researchers likely will be drawn 
particularly to the first three parts, and prac-
titioners especially to the latter four.

The parts are as follows:

•• Part I. Prevalence, Consequences, and 
Etiology of Obesity. This part includes four 
chapters from the first edition that address 
(1) the epidemiology and health consequenc-
es of obesity, (2) the regulation of body 
weight, (3) energy metabolism and obesity, 
and (4) genetic influences. A new, fifth chap-
ter examines exciting findings on the role of 
the microbiome in obesity.

•• Part II. Behavioral, Environmental, 
and Psychosocial Contributors to Obesity. 
This newly added part of the volume con-
tains six chapters that provide a full exami-
nation of behavioral factors associated with 
obesity. These include a consideration of (1) 
food intake and eating behavior, (2) physi-
cal activity, (3) sleep, (4) environmental and 
economic influences, (5) psychosocial fac-
tors, and (6) eating disorders and addiction. 
The first four chapters are new to this edi-
tion.

•• Part III. Health Consequences of 
Weight Reduction. The three chapters that 
comprise this part of the book examine the 
effects of intentional weight loss on (1) all-
cause morbidity and mortality, (2) psycho-

logical and cognitive function, and (3) physi-
cal function and quality of life. Findings 
from the Look AHEAD (Action for Health 
in Diabetes) trial, which has examined the 
long-term (i.e., 18 years) health benefits of 
intentional weight loss in patients with type 
2 diabetes and overweight/obesity, are re-
viewed at length.

•• Part IV. Assessment of Patients with 
Obesity. The two chapters in this part pro-
vide guidance and practical advice on con-
ducting a medical evaluation of patients with 
obesity, as well as a behavioral–psychosocial 
assessment. The former evaluation is usually 
performed by a physician, nurse practitioner, 
or physician assistant, and the latter assess-
ment by a mental health professional who 
may be meeting with individuals who seek 
bariatric surgery or suffer from a mood or 
eating disorder associated with their obesity.

•• Part V. Treatment of Obesity in Adults. 
This part of the volume, presented in seven 
chapters, provides a comprehensive exami-
nation of the management of obesity using 
the three most common approaches recom-
mended by expert panels: (1) diet, physical 
activity, and behavior therapy, collectively 
referred to as intensive lifestyle intervention 
or behavioral weight control; (2) pharma-
cotherapy, prescribed as an adjunct to life-
style intervention; and (3) bariatric surgery. 
Since the publication of the first edition of 
the Handbook in 2002, four new medica-
tions have been approved for chronic weight 
management by the Food and Drug Admin-
istration, and sleeve gastrectomy, which was 
only introduced in 2007, has emerged as the 
most widely used form of bariatric surgery. 
The chapters describe these and other devel-
opments, including the head-to-head “diet 
contests” of the past 16 years.

•• Part VI. Additional Approaches to 
and Resources for the Treatment of Obe-
sity. Part VI contains 13 chapters, seven of 
which are new to this volume and present 
important developments that include the 
emerging field of obesity medicine and the 
current coverage of obesity treatments by 
insurers and employers. Practitioners will 
be particularly interested in chapters that 
describe the effectiveness of lifestyle inter-
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ventions that are delivered remotely (e.g., via 
Internet, text, smartphone) or in community 
or commercial settings. Efforts to improve 
weight loss with traditional lifestyle inter-
vention through the incorporation of weight 
loss devices (e.g., gastric balloons), as well 
as principles from behavioral economics, ac-
ceptance and commitment therapy, and mo-
tivational interviewing, also are examined.

•• Part VII. Childhood Obesity and Obe-
sity Prevention. The six chapters that com-
prise this final part of the volume address 
the pressing problem of childhood obesity 
and its prevention and treatment. The three 
new chapters that have been added address 
(1) the effectiveness of school-based inter-
ventions in preventing overweight/obesity, 
(2) the anticipated approval of weight loss 
medications for youth, and (3) the increasing 
use of bariatric surgery in adolescents with 
severe obesity. The volume’s closing chapter 
describes progress in the primary prevention 
of obesity through the use of public policy 
and legislative approaches, including the 
taxation of sugar-sweetened beverages.
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The obesity epidemic has gone largely un-
checked for more than three decades (Fi-
nucane et al., 2011; Malik, Willett, & Hu, 
2013). Its impact on rates of chronic dis-
ease, quality of life, and health economics 
is felt strongly the world over, in high- and 
low-income countries alike. Data from the 
National Health and Nutrition Exami-
nation Survey show that in 2013–2014, 
37.8% of adults in the United States were 
obese, with an additional 32.6% classified 
as overweight (National Center for Health 
Statistics, 2016). The prevalence of obesity 
in adult women has surpassed 40% (Flegal, 
Kruszon-Moran, Carroll, Fryar, & Ogden, 
2016), with rates varying significantly by 
ethnic population. Whereas 38.2% of non-
Hispanic white women are obese, the obesi-
ty rate in Hispanic women is 46.9%. In non-
Hispanic black women, it is 57.2% (Flegal et 
al., 2016). Globally in 2014, 13% of adults 
were obese—more than twice the prevalence 
in 1980 (World Health Organization, 2016).

The categories “overweight” and “obesi-
ty” are used to describe levels of excess body 
fat that can influence the risk of disease and 

other measures of health. Body mass index 
(BMI) is the formula most commonly used to 
determine weight status, with a BMI of 25–
29.9 kg/m2 generally defined as overweight 
and a BMI of ≥ 30 kg/m2 defined as obesity. 
In 2013, high BMI accounted for over 4 mil-
lion deaths globally (GBD 2013 Risk Factor 
Collaborators et al., 2015). Overweight and 
obesity are established risk factors for nu-
merous serious conditions, including cardio-
vascular disease (CVD), hypertension, can-
cer, asthma, osteoarthritis, and infertility. 
Additionally, weight status impacts, among 
other outcomes, health-related quality of 
life, disability-adjusted life years, employ-
ment status, and lifelong earnings. When 
all effects are combined, obesity results in 
major national and worldwide health and 
economic burdens. In the United States, the 
direct and indirect economic impact of obe-
sity is estimated to be over $215 billion each 
year (Hammond & Levine, 2010). Globally, 
the direct medical costs for obesity alone ac-
count for an estimated 0.7% to 2.7% of a 
nation’s spending on health care (Withrow 
& Alter, 2011).
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Definitions, Prevalence, 
and Age‑Related Changes
Definitions of Overweight and Obesity
BMI, a formula that combines weight and 
height, is commonly used in epidemiological 
studies assessing the relationship between 
weight and disease. In addition, the public 
health recommendations for body weight are 
based on BMI, which is computed as weight 
(in kilograms) divided by height (in me-
ters) squared. The advantage of using BMI 
instead of weight in pounds or kilograms 
is that it accounts for height—an essential 
piece of information when one is evaluating 
weight. For example, a woman who weighs 
150 pounds (68 kg) is overweight if she is 
5 feet 4 inches (163 cm) tall, but a healthy 
weight if she is 5 feet 8 inches (173 cm).

BMI correlates with adiposity (Hu, 2008). 
However, because BMI is an indirect meth-
od of assessment, it can overestimate or un-
derestimate adiposity in certain individuals 
or groups, such as well-trained athletes or 
the elderly (Willett, 2013). The Centers for 
Disease Control and Prevention classify un-
derweight as a BMI of < 18.5 kg/m2; nor-
mal weight as 18.5–24.9 kg/m2; overweight 
as 25–29.9 kg/m2; and obese as ≥ 30 kg/m2. 
The obese category is further stratified as 
class 1 (30–34.9 kg/m2), class 2 (35–39.9 kg/
m2), and class 3 (≥ 40 kg/m2). The World 
Health Organization (2016) uses the same 
general BMI categories but classifies BMI 
≥ 25 kg/m2 as overweight, with a BMI of 
25–29.9 kg/m2 classified as pre-obese. For 
this chapter, overweight is defined as a BMI 
of 25–29.9 kg/m2, and obesity is defined as 
a BMI ≥ 30 kg/m2. As can be seen in Figure 
1.1, a woman, who at 5 feet, 4 inches (163 
cm) tall and 150 pounds (68 kg) is consid-
ered overweight, would be considered obese 
if she weighed 180 pounds (82 kg).

These BMI cutpoints are used worldwide 
in epidemiological research and health rec-
ommendations, although there can be vari-
ance across ethnicities in the specific links 
between BMI and certain conditions. For 
example, compared to whites, Asians have 
been found to have a higher risk of car-
diometabolic effects for a given BMI level 
(Haldar, Chia, & Henry, 2015). Although 

research must continue to document such 
relationships so that they can be translated 
into practice, BMI remains an efficient and 
useful measure for tracking global health.

Prevalence of Obesity
In the period of 2011–2014, 73% of adult 
men in the United States and 66.2% of adult 
women were either overweight or obese (Na-
tional Center for Health Statistics, 2016). 
Currently, 40.4% of adult women and 35% 
of adult men are obese, with the prevalence 
of class 3 obesity at 9.9% and 5.5%, respec-
tively (Flegal et al., 2016). Since 2005, the 
rates of obesity and class 3 obesity in U.S. 
women have increased significantly, where-
as the rates in U.S. men they have remained 
relatively stable.

The prevalence of obesity can vary greatly 
by gender, race/ethnicity, and socioeconomic 
status. In 2011–2014 in the United States, the 
rate of obesity was 56.5% in black women 
and 37.9% in black men; 45.6% in Hispanic 
women and 39.1% in Hispanic men; 35.3% 
in white women and 34% in white men; and 
11.9% in Asian women and 11.3% in Asian 
men (National Center for Health Statistics, 
2016). Among adults with incomes under 
the U.S. federal poverty level, 39.2% are 
obese. Among those with incomes 400% 
or greater than the poverty level, the rate is 
29.7% (National Center for Health Statis-
tics, 2016). Approximately 17% of U.S. chil-
dren and youth ages 2–19 years are obese 
(Ogden et al., 2016). Although the rates of 
obesity in younger children have been de-
clining or leveling off, they continue to rise 
in adolescents ages 12–19 years old. Over-
weight or obese youth are more likely than 
normal-weight youth to become overweight 
or obese adults (Singh, Mulder, Twisk, van 
Mechelen, & Chinapaw, 2008).

Globally in 2014, 1.9 billion adults and 
41 million young children were either over-
weight or obese, and excess weight now 
leads to more deaths than underweight 
(World Health Organization, 2016). Since 
1975, there have been sharp increases in 
obesity and severe obesity (BMI ≥ 35 kg/m2) 
in many regions of the globe (N.C.D. Risk 
Factor Collaboration, 2016).
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Body Weight and Age
Body weight and body composition are a 
function of genetics, health status, basal 
metabolic factors, dietary intake, physi-
cal activity, race, and hormonal factors 
(Heymsfield & Wadden, 2017). The onset 
(i.e., childhood, adolescence, or adulthood) 
and duration of obesity, as well as weight 
change, may have an important impact on 
health. Changes over time in basal metabol-
ic rate, hormones, dietary intake, and physi-
cal activity result in changes in body weight 
and composition.

Although BMI does an adequate job of 
classifying young and middle-age people 
in terms of body weight, it is less accurate 
among elderly individuals. Older age is fre-
quently accompanied by a decline in lean 
body mass and changes in the distribution 
of body fat. Therefore, when body weight 
and risk of disease are being assessed among 
elderly persons, both BMI and waist circum-
ference should be used.

Consequences of Overweight  
and Obesity
Mortality
It is now well established that there is a J-
shaped relationship between BMI and pre-
mature mortality (Aune et al., 2016; Flegal, 
Kit, Orpana, & Graubard, 2013; Manson et 
al., 1995; Prospective Studies Collaborative 
et al., 2009). Both excess weight and un-
derweight can increase risk of death. Some 
debate remains, however, about the specific 
shape of this curve and the BMI range that 
marks the nadir of risk (Aune et al., 2016; 
Berrington de Gonzalez et al., 2010; Flegal 
et al., 2013; Prospective Studies Collabora-
tive et al., 2009). Because existing or latent 
illness can lead to weight loss, it is essential 
that studies of weight and mortality ad-
equately control for such factors and their 
correlates. Most large, well-designed studies 
and pooled analyses that have done so have 
found that overweight (BMI 25–29.9 kg/m2) 
and obesity (BMI ≥ 30 kg/m2) increase the 
risk of premature mortality, with the opti-
mal level of BMI within the normal range of 
18.5–24.9 kg/m2.

A meta-analysis of 230 cohort studies by 
Aune et al. (2016) found that among healthy 
individuals who had never smoked, the low-
est risk of mortality was at BMI 22–23 kg/
m2. When the analyses were restricted to 
those with the longest duration of follow-
up—and therefore the lowest level of possi-
ble confounding by preclinical weight loss—
the lowest risk was BMI between 20 and 22 
kg/m2. Among healthy never-smokers, the 
relative risk (RR) for premature mortality 
was 1.24 (95% confidence interval [CI] = 
1.14–1.36) in those with BMI 30 kg/m2, 1.66 
(95% CI = 1.43–1.94) in those with BMI 35 
kg/m2, and 2.37 (95% CI = 1.91–2.95) in 
those with BMI 40 kg/m2. Every 5 kg/m2 in-
crease in BMI in healthy never-smokers in-
creased risk by 21% (95% CI = 1.18–1.25). 
Pooled analyses from the National Cancer 
Institute Cohort Consortium and the Pro-
spective Studies Collaborative have reported 
similar findings (Berrington de Gonzalez et 
al., 2010; Prospective Studies Collaborative 
et al., 2009) (see Figure 1.2).

Looking at survival, the Prospective Stud-
ies Collaborative et al. (2009) estimated that 
overweight reduced median survival time by 
1–2 years, class 1 obesity by 2–4 years, and 
class 3 obesity by 8–10 years—an amount 
of time, the authors note, on par with ciga-
rette smoking. Early-life BMI also appears 
to play an important role in determining 
risk of adult chronic disease and premature 
mortality. In a study of 227,000 adolescents 
with 8 million person-years of follow-up, 
researchers found that adolescents with a 
BMI in the 85th percentile or higher had an 
RR of death of 1.4 (95% CI = 1.3–1.6) com-
pared to those with a BMI in the 25th–74th 
percentile (Bjorge, Engeland, Tverdal, & 
Smith, 2008). Although mortality is a clear-
ly defined outcome, the results of mortality 
analyses can be difficult to interpret. Except 
for diseases that are almost always fatal re-
gardless of treatment, mortality is a function 
of incidence of disease, stage of illness at di-
agnosis, and the effectiveness of treatment. 
Many forms of CVD are treatable by either 
pharmacotherapy or intervention (i.e., an-
gioplasty or surgery). Thus the relationship 
between excess weight and death from CVD 
does not necessarily translate to the same 
relationship with the development of CVD.
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Morbidity
Coronary Heart Disease

Heart disease is the leading cause of death in 
the United States, accounting for 23.5% of 
all deaths (Xu, Murphy, Kochanek, & Bas-
tian, 2016). Results from large cohort stud-
ies convincingly show a linear relationship 
between adult BMI and risk of incident cor-
onary heart disease. Combining two large 
prospective cohort studies—the Nurses’ 
Health Study and the Health Professionals 

Follow-Up Study—Flint et al. (2010) found 
that, compared to BMI 18.5–22.9 kg/m2, 
obesity had an RR of coronary heart dis-
ease (CHD) of 2.13 (95% CI = 1.82–2.48) 
in men and 2.48 (95% CI = 2.20–2.80) in 
women. Risk of CHD was also significantly 
increased for overweight, beginning at the 
lower end of the range (BMI 25–26.9 kg/m2) 
for both men and women, with a sugges-
tion of increased risk at the upper end of the 
normal range (BMI 23–24.9 kg/m2). The au-
thors estimated the population attributable 

FIGURE 1.2. Risk of death with BMI. From Berrington de Gonzalez, Hartge, Cerhan, Flint, Hannan, 
MacInnis, et al. (2010). Body-mass index and mortality among 1.46 million white adults. New Eng-
land Journal of Medicine, 363(23), 2211–2219. Copyright © 2010 the Massachusetts Medical Society. 
Reprinted by permission.
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risk fraction for increased BMI compared to 
BMI 18.5–22.9 kg/m2 to be 38.7% in men 
and 43.5% in women.

The Million Women Study, a U.K. popu-
lation-based cohort study with over 1 mil-
lion female participants, estimated CHD 
risk with BMI from ages 55 to 74 years. 
Researchers found a largely linear increase 
in cumulative incidence of CHD between 
BMI 20 and 34 kg/m2, with a near doubling 
of cumulative incidence comparing highest 
BMI to lowest (see Figure 1.3; Canoy et al., 
2013).

A meta-analysis by Guh et al. (2009) 
found that overweight and obesity deter-
mined by BMI or waist circumference (WC) 
increased risk of coronary artery disease 
(CAD) in both men and women. In men, the 
RR of CAD from obesity based on WC (≥ 
102 cm) was 1.81 (95% CI = 1.45–2.5), and 
the RR based on BMI was 1.72 (95% CI = 
1.51–1.96). Risks with obesity were higher 
in women, with an RR based on WC (≥ 88 
cm) of 2.69 (95% CI = 2.05–3.53) and an 
RR based on BMI of 3.10 (95% CI = 2.81–
3.43).

Excessive weight earlier in life is also 
predictive of CHD mortality. Must and 
colleagues followed 508 adolescents who 

participated in the Harvard Growth Study 
of 1922 to 1935 (Must, Jacques, Dallal, Ba-
jema, & Dietz, 1992). The adolescents who 
were overweight were twice as likely as their 
lean peers to die from CHD during adult-
hood (relative risk [RR] = 2.3, 95% CI = 
1.4–4.1). In Bjorge and colleagues’ prospec-
tive study of 230,000 adolescents, early-life 
BMI in the 85th percentile nearly tripled 
the risk of dying of CHD later in life (RR = 
2.9; 95% CI = 2.3–3.6) (Bjorge et al., 2008). 
Obesity influences a number of important 
risk factors for CHD. Increasing BMI is 
correlated with type 2 diabetes, hyperten-
sion, increased triglyceride levels, and un-
favorable serum cholesterol levels (Zalesin, 
Franklin, Miller, Peterson, & McCullough, 
2008). Excess weight may also raise CHD 
risk through other mechanisms, such as pro-
moting inflammatory responses, thrombo-
sis, and obstructive sleep apnea (Flint et al., 
2010; Zalesin et al., 2008).

Ischemic Stroke

Cerebrovascular disease is the fifth leading 
cause of death in the United States, account-
ing for 5% of all deaths (Xu et al., 2016). 
Overweight and obesity are important risk 
factors for ischemic but likely not hemor-
rhagic stroke. In a meta-analysis by Guh et 
al. (2009), the relative risk of stroke for BMI 
≥ 30 kg/m2 was 1.51 (95% CI = 1.33–1.72) 
for men and 1.49 (95% CI = 1.27–1.74) for 
women. Overweight was linked to an in-
creased risk in men but not women. Straz-
zullo et al. (2010) performed a meta-analysis 
of 25 prospective studies with over 2 mil-
lion participants. They found that, for men 
and women combined, the relative risk for 
 ischemic stroke with overweight was 1.22 
(95% CI = 1.05–1.41) and the relative risk 
with obesity was 1.64 (95% CI = 1.36–1.99). 
Results for hemorrhagic stroke were null.

Hypertension

Approximately 30% of adult Americans 
have high blood pressure (hypertension), 
around half of which is properly controlled 
(Nwankwo, Yoon, Burt, & Gu, 2013). Hy-
pertension increases the risk of both CHD 
and stroke, and the combination of obesity 
and hypertension is associated with an in-

FIGURE 1.3. Cumulative incidence of heart dis-
ease in women from age 55 years in relation to 
BMI. From Canoy et al. (2013).
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creased risk of cardiac failure due to thick-
ening of the ventricular wall and increased 
heart volume (Alpert & Hashimi, 1993). 
Both body weight (Ascherio et al., 1992; 
Folsom, Prineas, Kaye, & Soler, 1989; Guh 
et al., 2009; Huang et al., 1998; Shihab et 
al., 2012; Witteman et al., 1989) and weight 
gain (Field et al., 1999; Huang et al., 1998; 
Shihab et al., 2012; Yong, Kuller, Rutan, & 
Bunker, 1993) increase the risk of hyperten-
sion. Even beginning at BMI well within the 
normal range, blood pressure rises steadily 
with body weight. Huang et al. (1998) stud-
ied 82,000 women over 923,544 person-
years of follow-up and observed a relative 
risk of 6.31 (95% CI = 5.80–6.87) for BMI 
≥ 31 kg/m2 compared to BMI < 20 kg/m2. 
Risk increased, however, with BMI as low 
as 20–20.9 kg/m2, and every 1-unit increase 
in BMI was linked with a 12% higher risk 
of hypertension. BMI at age 18 years also 
had a significant impact on risk, with a BMI 
over 25 kg/m2 more than doubling the risk 
of hypertension in later adulthood (RR = 
2.28; 95% CI = 2.12–2.45), and every 1-unit 
increase in BMI increasing the risk of later 
adult hypertension by 8%. Adult weight gain 
had a significant impact as well, with every 
1 kg gained since age 18 years increasing the 
risk of hypertension by approximately 5%.

Findings similar to those of Huang et 
al. (1998) were reported in the Johns Hop-
kins Precursor Study, which followed 1,100 
men for a median of 46 years and observed 
a significant impact of early adult weight 
on hypertension risk (Shihab et al., 2012). 
Young-adult men who were overweight at 
study outset had a 50% increase in risk of 
hypertension (RR = 1.58; 95% CI = 1.28–
1.96) compared to normal-weight men. 
This relative risk jumped to 4.17 (95% CI 
= 2.34–7.42) for young adult men who were 
obese. Weight gain was also associated with 
increased risk. Men who had been a normal 
weight in young adulthood but later became 
overweight or obese by age 45 years had a 
relative risk of hypertension of 1.57 (95% CI 
= 1.20–2.07).

In the all-male Physicians’ Health Study, 
Gelber, Gaziano, Manson, Buring, and 
Sesso (2007) followed over 13,000 men for 
a median of 14.5 years and observed sig-
nificant increases in the risk of hyperten-
sion beginning with BMI 22.4–23.6 kg/m2 

compared to BMI < 22.4 kg/m2. Finally, the 
meta-analysis by Guh et al. (2009) observed 
relative risks of hypertension in men of 1.28 
(95% CI = 1.10–1.50) for BMI 25–29.9 kg/
m2 and 1.84 (95% CI = 1.51–2.24) for BMI 
≥ 30 kg/m2. Observed risks in women were 
1.65 (95% CI = 1.24–2.19) for BMI 25–29.9 
kg/m2 and 2.42 (95% CI = 1.59–3.67) for 
BMI ≥ 30 kg/m2 (Guh et al., 2009). There 
are several mechanisms through which obe-
sity causes hypertension. Hyperinsulinemia, 
which is common among overweight and 
obese individuals, can cause activation of 
the sympathetic nervous system as well as 
sodium retention, both of which increase the 
risk of developing hypertension (Mikhail, 
Golub, & Tuck, 1999).

Diabetes
The incidence of type 2 diabetes has risen 
steadily over the last decades, in step with 
the rise in overweight and obesity. Diabetes 
is a prevalent and serious disease, affecting 
approximately 29 million people in the Unit-
ed States, 8 million of whom are undiag-
nosed (Centers for Disease Control and Pre-
vention, 2014). Individuals with diabetes are 
at substantially elevated risk for blindness, 
kidney disease, heart disease, stroke, and 
premature mortality. Diabetes is the seventh 
leading cause of death in the United States 
(Xu et al., 2016). Excess weight increases 
the risk of type 2 diabetes through mecha-
nisms such as chronic inflammation, insulin 
resistance, and b-cell stress (DeFronzo et al., 
2015; Mahler & Adler, 1999).

Not only are overweight and obese men 
and women at substantially increased 
risk for developing type 2 diabetes (Chan, 
Rimm, Colditz, Stampfer, & Willett, 1994; 
Guh et al., 2009), but adults at the upper end 
of the normal range (BMI of 20–24.9 kg/m2) 
are also at risk because of the strong linear 
relation between BMI and risk (Carey et al., 
1997). In the meta-analysis by Guh et al. 
(2009), the relative risk for type 2 diabetes 
for overweight was 2.40 (95% CI = 2.12–
2.72) in men and 3.92 (95% CI = 3.10–4.97) 
in women, with risk increasing for obesity to 
6.74 (95% CI = 5.55–8.19) in men and 12.41 
(95% CI = 9.03–17.06) in women. Carey et 
al. (1997), in an analysis of Nurses’ Health 
Study data, observed a significant trend (p 
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for trend = < .0001) in increasing risk with 
BMI beginning as low as BMI 21–22.9 kg/
m2 (see Figure 1.4).

In addition, even after adjustment for 
weight, weight gain has been observed to be 
strongly associated with the risk of develop-
ing diabetes (Colditz, Willett, Rotnitzky, 
& Manson, 1995). Colditz et al. (1995) ob-
served that among 114,281 female nurses 
30–55 years of age, even a modest weight 
gain (5–7.9 kg) since age 18 years was as-
sociated with a 90% increase in risk of dia-
betes (RR = 1.9; 95% CI = 1.5–2.3). Simi-
lar results were observed in a parallel study 
among men (Chan et al., 1994). A study of 
male alumni of Harvard University and the 
University of Pennsylvania observed that in 
those with initially low BMIs (BMI < 21 kg/
m2) early in adulthood, an increase in BMI 
of 1.5 units over a decade nearly doubled the 
risk of diabetes, compared to those with lit-
tle or no change in BMI (RR = 1.93; 95% CI 
= 1.26–2.94; Oguma, Sesso, Paffenbarger, 
& Lee, 2005). Risk increased in a dose–re-
sponse relationship with BMI (p for trend = 
< .0001), with a relative risk of 7.68 (95% 

CI = 4.72–12.50) for a greater than 3-unit 
increase in BMI over a decade.

Independent of weight, location of adipos-
ity has an important role in the development 
of type 2 diabetes. Carey et al. (1997) ob-
served that women with a large WC (36.2 
inches [91.9 cm]) were more than five times 
as likely as their peers with small waists 
(26.2 inches [66.5cm]) to develop type 2 
diabetes, regardless of their overall adipos-
ity (measured by body mass index [BMI]). 
Moreover, among 15,432 women, Hartz 
and colleagues found that the prevalence of 
diabetes within each weight stratum (non-
obese, moderately obese, and severely obese) 
increased with waist-to-hip ratio (WHR; 
Hartz, Rupley, Kalkhoff, & Rimm, 1983). 
Among the nonobese women, the risk in-
creased in a gradual, linear fashion. Among 
the severely obese women, the risk increased 
sharply from approximately 6% for those 
with a WHR under 0.72 to 16.5% among 
women with a WHR over 0.81. Similar asso-
ciations have been seen in men. In an analy-
sis of 27,270 men in the Health Professionals 
Follow-Up Study, both abdominal adiposity 

FIGURE 1.4. Relative risk of type 2 diabetes in women in relation to BMI. Data from Carey et al. 
(1997).
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and overall obesity were observed to have in-
dependent and important effects on the risk 
of type 2 diabetes (Wang, Rimm, Stampfer, 
Willett, & Hu, 2005). Compared to WCs 
between 73.7 and 86.4 cm, BMI-adjusted 
multivariate relative risks were 1.7 (95% 
CI 1.1–2.5) for 87.0–91.4 cm, 2.0 (95% 
CI 1.3–3.0) for 92.1–95.9 cm, 3.0 (95% CI 
2.0–4.5) for 96.5–101.0 cm, and 4.5 (95% 
CI 3.0–6.7) for 101.6–157.5 cm. Compared 
to BMI 14.2–22.8 kg/m2, the WC-adjusted 
multivariate relative risk was 2.7 (95% CI 
1.9–3.7) for BMI 27.2–54.2 kg/m2.

In addition, solid evidence now shows 
that early-life weight can have an important 
impact on later-adult risk of type 2 diabetes. 
A pooled analysis by Juonala et al. (2011) 
of data from four long-running cohort stud-
ies observed an overall relative risk of type 
2 diabetes of 2.4 (95% CI = 1.6–3.6) for 
participants who were overweight or obese 
in childhood. In participants who were over-
weight or obese as children and then obese 
as adults, the observed relative risk was 5.4 
(95% CI = 3.4–8.5).

Cancers
Excessive weight is associated with the de-
velopment of at least 13 different types of 
cancer, including breast, colon and rectum, 
endometrial, esophageal (adenocarcinoma), 
gallbladder, gastric, kidney (renal cell), liver, 
multiple myeloma, ovary, pancreas, and thy-
roid (Lauby-Secretan et al., 2016; Renehan, 
Tyson, Egger, Heller, & Zwahlen, 2008; see 
Table 1.1). The specific mechanisms through 
which obesity increases cancer risk are not 
clear (Renehan, Zwahlen, & Egger, 2015). 
However, there are multiple possible mech-
anisms. The impact of body weight on sex 
hormone levels is thought to play a primary 
role, especially for cancers such as breast 
and ovary. Other mechanisms thought to be 
involved in carcinogenesis include the influ-
ence of weight on cellular inflammation as 
well as insulin resistance. Newer theories 
explore the importance of local effects of 
fat tissue that may promote tumor develop-
ment (Renehan et al., 2015). Overweight in 
youth and young adulthood has also been 
observed to increase the risk of many can-
cers linked to adult weight (Genkinger et al., 
2015; Teras et al., 2014).

Breast Cancer

Breast cancer is the most common cancer 
in U.S. women and is the leading killer of 
women in midlife. There is consistent evi-
dence that excess weight and weight gain 
increase the risk of postmenopausal breast 
cancer. Renehan et al. (2008), in a meta-
analysis of 221 datasets from prospective 
cohort studies, found a relative risk of post-
menopausal breast cancer of 1.12 (95% CI 
= 1.08–1.16) for every 5 kg/m2 increase in 
BMI. The Nurses’ Health Study analysis, 
which followed women for up to 46 years, 
found that women who had gained 25 kg 
since age 18 years had a relative risk of post-
menopausal breast cancer of 1.45 (95% CI = 
1.27–1.66), which increased to 1.98 (95% CI 
= 1.55–2.53) in those who had never taken 
postmenopausal hormones. Adipose tissue is 
the primary source of estrogen among post-
menopausal women who do not use post-
menopausal hormones. Therefore, it is not 
surprising that the weight-related increases 
in risk are often higher in women who do 
not use postmenopausal hormones.

Whereas weight gain across the years in-
creases postmenopausal risk of breast can-
cer, in premenopausal women, excess weight 
has consistently been linked to a lower risk 
of the disease (Renehan et al., 2008). How-
ever, growing evidence suggests that short-
term weight gain could increase breast 
cancer risk in the premenopausal years. A 
study by Rosner et al. (2015) that followed 
77,000 women for 26 years found that a 
weight gain of 15 or more pounds (≥ 6.8 kg) 
over a 4-year period increased risk of pre-
menopausal breast cancer by nearly 40% 
(RR 1.38; 95% CI = 1.13–1.69). This risk 
was higher in receptor-negative (ER–/PR–) 
disease (RR 2.06; 95% CI = 1.21–3.51)—a 
type of disease that is more common in pre-
menopausal women.

Colon Cancer

Colon cancer is the third most common can-
cer in U.S. men and women, and the third 
most common cause of cancer death. Con-
sistent evidence points to a dose–response 
relationship between BMI, as well as WC, 
and increased risk of the disease—with 
risk generally higher in men than women. 
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TABLE 1.1. Strength of the Evidence for a Cancer‑Preventive Effect of the Absence of Excess Body 
Fatness, According to Cancer Site or Type

Cancer site or type
Strength of the 

evidence in humansa
RR of the highest BMI category 

evaluated versus normal BMI (95% CI)b

Esophagus: adenocarcinoma Sufficient 4.8 (3.0–7.7)

Gastric cardia Sufficient 1.8 (1.3–2.5)

Colon and rectum Sufficient 1.3 (1.3–1.4)

Liver Sufficient 1.8 (1.6–2.1)

Gallbladder Sufficient 1.3 (1.2–1.4)

Pancreas Sufficient 1.5 (1.2–1.8)

Breast: postmenopausal Sufficient 1.1 (1.1–1.2)c

Corpus uteri Sufficient 7.1 (6.3–8.1)

Ovary Sufficient 1.1 (1.1–1.2)

Kidney: renal-cell Sufficient 1.8 (1.7–1.9)

Meningioma Sufficient 1.5 (1.3–1.8)

Thyroid Sufficient 1.1 (1.0–1.1)c

Multiple myeloma Sufficient 1.5 (1.2–2.0)

Male breast cancer Limited NA

Fatal prostate cancer Limited NA

Diffuse large B-cell lymphoma Limited NA

Esophagus: squamous-cell carcinoma Inadequate NA

Gastric noncardia Inadequate NA

Extrahepatic bilary tract Inadequate NA

Lung Inadequate NA

Skin: cutaneous melanoma Inadequate NA

Testis Inadequate NA

Urinary bladder Inadequate NA

Brain or spinal cord: glioma Inadequate NA

Note. Reprinted from Lauby-Secretan, Scoccianti, Loomis, Grosse, Bianchini, Straif, et al. (2016). Body fatness and 
 cancer—Viewpoint of the IARC working group. New England Journal of Medicine, 375(8), 794–798. Copyright © 2016 
the Massachusetts Medical Society. Reprinted by permission. BMI, body mass index; CI, confidence interval; NA, not 
applicable; RR, relative risk.
aSufficient evidence indicates that the International Agency for Research on Cancer Handbook Working Group consid-
ers that a preventive relationship has been established between the intervention (in this case, the absence of excess body 
fatness) and the risk of cancer in humans; that is, a preventive association has been observed in studies in which chance, 
bias, or confounding could not be ruled out with confidence. Inadequate evidence indicates that the available studies are 
not of sufficient quality, consistency, or statistical power to permit a conclusion regarding the presence or absence of a 
cancer-preventive effect of the intervention or that no data on the prevention of cancer by this intervention in humans are 
available. Additional information on the criteria for classification of the evidence is available at http://handbooks.iarc.fr/
docs/Handbook16_Working-Procedures.PrimaryPrevention.pdf.
bFor cancer sites with sufficient evidence, the RR reported in the most recent or comprehensive meta-analysis or pooled 
analysis is presented. The evaluation in the previous column is based on the entire body of data available at the time of 
the meeting (April 5–12, 2016) and reviewed by the working group and not solely on the RR presented in this column. 
Normal BMI is defined as 18.5–24.9.
cShown is the RR per 5 BMI units.
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A meta-analysis of 30 prospective studies 
by Larsson and Wolk (2007) found that 
for every 5-unit increase in BMI, the risk of 
colon cancer increased by 30% (RR = 1.30; 
95% CI = 1.25–1.35) in men and 12% (RR 
= 1.12; 95% CI = 1.07–1.18) in women. 
The findings were similar across genders 
for every 10 cm increase in WC. A pooled 
analysis by Matsuo et al. (2012) that com-
bined data from eight large prospective co-
hort studies also observed a significant trend 
in colorectal cancer risk with increasing 
BMI (males, p for trend = < .001; females, 
p for trend = .032). For each 1-unit increase 
in BMI the adjusted hazard ratio was 1.03 
(95% CI = 1.02–1.04) in men and 1.02 (95% 
CI = 1.00–1.03) in women.

Endometrial Cancer

Endometrial cancer is the most common re-
productive cancer in the United States, with 
approximately 60,000 women diagnosed 
with the disease each year. Excess weight 
is a key risk factor for endometrial cancer. 
In a meta-analysis of 30 prospective stud-
ies, Aune, Navarro Rosenblatt, et al. (2015) 
found an overall relative risk of 1.54 (95% 
CI = 1.47–1.61) for every 5-unit increase in 
BMI and a relative risk of 1.27 (95% CI = 
1.17–1.39) for every 10 cm increase in WC 
(Figure 1.5). In looking at specific types of 
endometrial cancer, weight was a particular-
ly strong risk factor for type 1 endometrial 
cancer, which is most common and consists 
largely of endometrioid adenocarcinomas. 
From a pooled analysis of 10 cohort studies 
and 14 case–control studies, Setiawan et al. 
(2013) found a relative risk for type 1 endo-
metrial cancer with overweight of 1.45 (95% 
CI = 1.37 to 1.53); with class 1 obesity of 
2.52 (95% CI = 2.35 to 2.69); with class 2 
obesity of 4.45 (95% CI = 4.05 to 4.89); and 
with class 3 obesity of 7.14 (95% CI = 6.33 
to 8.06)—all compared to normal-weight 
women.

Esophageal Adenocarcinoma

There is strong evidence showing that the 
risk of esophageal adenocarcinoma increas-
es with excess weight. In a pooled analysis of 
10 case–control studies and two cohort stud-
ies by Hoyo et al. (2012), the odds ratio for 

esophageal adenocarcinoma, compared to 
normal-weight individuals, was 1.54 (95% 
CI = 1.26–1.88) for BMI of 25–29.9 kg/m2, 
2.39 (95% CI = 1.86–3.06) for BMI of 30–
34.9 kg/m2, 2.79 (95% CI = 1.89–4.12) for 
BMI of 35–39.9 kg/m2, and 4.76 (95% CI = 
2.96–7.66) for BMI of 40 kg/m2 or higher.

Other Cancers

Based on results from pooled and meta-
analyses, the relative risks for cancers of the 
gastric cardia, liver, gall bladder, pancreas, 
and kidney generally fall between 1.2 and 
1.5 for BMI of 25–29.9 kg/m2 and 1.5–1.8 
for BMI ≥ 30 kg/m2 (Lauby-Secretan et al., 
2016).

Gallstones
Gallstones are a fairly common and often 
quite painful condition, and they are most 
common among overweight adults. Gall-
stones are believed to form when bile con-
tains excess cholesterol or bilirubin or not 
enough bile salts, or when the gallbladder 
does not empty properly. Stones can range in 
size, and many of them are asymptomatic; 
however, if the stones lodge in any of the 
ducts that carry bile from the liver, problems 
can arise. The trapped bile in the ducts can 
lead to inflammation in the gallbladder, the 
ducts themselves, or the liver. If prolonged, 
the blockages can have severe consequences 
affecting the gallbladder, liver, or pancreas. 
Gallstones that are symptomatic can be very 
painful.

Although gallstones do form in lean 
adults, the relationship among weight, 
weight change, and gallstone formation is 
very strong, with the risk in women gener-
ally higher than that in men. Aune, Norat, 
and Vatten (2015) assessed the links be-
tween BMI, WC, and the risk of gallbladder 
disease, a grouping that included gallstones, 
gallstones with cholecystitis, and cholecys-
tectomy. The authors found that the risk of 
gallbladder disease increased substantially 
with BMI, even within the normal range. 
Overall, relative risk for gallbladder disease 
was 1.63 (95% CI = 1.49–1.78) for each 
5-unit increase in BMI, with the risk higher 
in women (RR = 1.73; 95% CI = 1.57–1.91) 
than in men (RR = 1.46; 95% CI = 1.29–
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1.65). In men and women combined, there 
was a relative risk of 1.46 (95% CI = 1.24–
1.72) with each 10 cm increase in WC. Ex-
cess weight is linked to increased secretion 
of cholesterol into the bile, which is one pos-
sible mechanism through which weight may 
influence the risk of developing gallstones 
(Aune, Norat, et al., 2015).

Osteoarthritis
In 2008–2011, over 31 million adults in the 
United States had osteoarthritis, a disease 
that causes the breakdown of cartilage in 
joints (Centers for Disease Control and Pre-
vention, 2016a). The hips, knees, and spine 
are the most common sites of osteoarthritis. 
As a result of the degeneration of the carti-
lage, bones that were previously cushioned 
by cartilage rub together and cause consid-
erable pain. Approximately 16% of adults 
with a BMI < 25 kg/m2 report a diagnosis 
of arthritis. This proportion rises to close 
to 50% for those with a BMI ≥ 25 kg/m2 
(Centers for Disease Control & Prevention, 
2013).

The meta-analysis by Guh et al. (2009) 
of comorbidities related to excess weight re-
ported significant links between BMI and 
osteoarthritis risk. The relative risks asso-
ciated with overweight were 2.76 (95% CI 
= 2.05–3.70) in men and 1.80 (95% CI = 
1.75–1.85) in women, and with obesity were 
4.20 (95% CI = 2.76–6.41) in men and 1.96 
(95% CI = 1.88–2.04) in women. Excessive 
weight causes additional strain on the joints 
and can lead to their degradation.

Benign Prostatic Hyperplasia and Lower 
Urinary Tract Symptoms
Benign prostatic hyperplasia (BPH) and 
the lower urinary tract symptoms (LUTS) 
that can result from it are extremely com-
mon among men (Wang et al., 2012). BPH is 
marked by nonmalignant enlargement of the 
prostate gland, with LUTS including symp-
toms such as urgency to urinate, weak urine 
flow, and incontinence. Approximately half 
of men over 40 years old have BPH, with 
around a third to a half of those men experi-
encing significant LUTS (Roehrborn, 2011). 
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FIGURE 1.5. Relative risk of endometrial cancer with BMI. Reprinted from Aune, Navarro Rosen-
blatt, Chan, Vingeliene, Abar, Vieira, et al. (2015). Anthropometric factors and endometrial cancer 
risk: A systematic review and dose–response meta-analysis of prospective studies. Annals of Oncology, 
26(8), 1635–1648. Copyright © 2015 Oxford University Press. Reprinted by permission.
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As age increases, so too does the prevalence 
of each.

Excess weight and central adiposity have 
been found to increase both BPH and LUTS 
(Wang et al., 2012). In a meta-analysis of 
19 cohort and case–control studies, Wang 
et al. (2012) found an overall positive link 
between BMI and the combination of BPH 
and LUTS (odds ratio [OR] = 1.27; 95% 
CI = 1.05–1.53); however, no relationship 
was observed when the analysis was lim-
ited to cohort studies (OR = 1.00; 95% CI 
= 0.77–1.31). In a cross-sectional analysis of 
the Baltimore Longitudinal Study, the odds 
ratio for BPH in men with BMI ≥ 35 kg/m2 
was 3.52 (95% CI = 1.45–8.56; Parsons et 
al., 2006). Among 25,892 men in the Health 
Professionals Follow-Up Study, men with a 
large WC (≥ 109 cm vs. < 89 cm) were more 
than twice as likely (OR = 2.4; 95% CI = 
1.4–4.0) to develop BPH and have a prosta-
tectomy (Giovannucci et al., 1994). Among 
other possible mechanisms, centrally located 
adiposity may increase the risk of developing 
BPH by increasing the estrogen-to-androgen 
ratio and sympathetic nervous activity (De 
Nunzio, Aronson, Freedland, Giovannucci, 
& Parsons, 2012).

Nonalcoholic Fatty Liver Disease
Nonalcoholic fatty liver disease (NAFLD) 
is an increasingly common liver disorder 
marked by increased liver fat content (steo-
tosis) in those who abstain from alcohol or 
drink at moderate or lower levels, and it en-
compasses a broad range of conditions. The 
majority of those with NAFLD have simple 
steotosis, but in some cases, it can progress 
to nonalcoholic steatohepatitis (NASH), 
cryptogenic cirrhosis, and possibly liver can-
cer (Than & Newsome, 2015). In the general 
U.S. population between the years 2005 and 
2008, the estimated prevalence of NAFLD 
and NASH was 11% and 1%, respectively 
(Younossi et al., 2011). This is a near dou-
bling in prevalence since 1988–1994.

Obesity is an important risk factor for 
both NAFLD and NASH, so it is not surpris-
ing to see a steady increase in rates of these 
disorders with the rising rates of overweight 
and obesity. Very high rates of NAFLD and 
NASH have been found in bariatric surgery 
patients (Clark, 2006). A meta-analysis of 

21 prospective and retrospective cohort 
studies observed a relative risk of 3.5 (95% 
CI 2.48–5.03) for NAFLD comparing obese 
to normal-weight individuals, with every 
1-unit increase in BMI increasing the risk 
of NAFLD by 20% (RR = 1.20; 95% CI 
1.14–1.26) (Li et al., 2016). A meta-analy-
sis by Pang et al. (2015) observed a strong 
relationship between central adiposity and 
NAFLD independent of BMI. The relative 
risk of NAFLD with obesity measured by 
WC and WHR was 2.34 (95% CI 1.83–3.0) 
and 4.06 (95% CI 1.53–10.79), respectively, 
compared to nonobese levels. Obesity-asso-
ciated insulin resistance, inflammation, and 
dyslipidemia are key contributors to the de-
velopment of NAFLD (Li et al., 2016; Than 
& Newsome, 2015).

Other Health Outcomes
Asthma

In 2014, the prevalence of asthma in the 
United States was 7.4% in adults and 8.6% 
of youth under 18 years old. Asthma leads to 
approximately 1.8 million emergency room 
visits and 10.5 million doctor’s office visits 
annually (Centers for Disease Control and 
Prevention, 2016b). Though evidence is still 
developing, meta-analyses suggest links be-
tween both childhood BMI, adult BMI, and 
risk of asthma (Egan, Ettinger, & Bracken, 
2013; Guh et al., 2009).

Infertility

Infertility affects approximately 12% of 
women 15–44 years of age in the United 
States, and good evidence links weight with 
fertility (Brewer & Balen, 2010). In an inves-
tigation of the Nurses’ Health Study II, both 
BMI under 20 kg/m2 and above 24 kg/m2 
were observed to increase the risk of ovula-
tory infertility (Rich-Edwards et al., 2002), 
with the authors estimating that a quarter 
(95% CI = 20–31%) of ovulatory infertility 
in the United States may be linked to over-
weight and obesity.

Disability‑Adjusted Life Years

Excess weight is a major contributor to dis-
ability-adjusted life years (DALYs). DALYs is 
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a measure of the burden of a disease or risk 
factor that takes into account years of life 
lost, as well as years of life living with dis-
ability. A systematic analysis by the Global 
Burden of Disease (GBD) study 2013 esti-
mated that, globally, high BMI was among 
the top risk factors contributing to DALYs, 
accounting for 134 million DALYs (95% 
uncertainty interval = 112 million–156 mil-
lion) in 2013 (GBD 2013 Risk Factor Col-
laborators et al., 2015).

Health‑Related Quality of Life

Overweight and obesity have an important 
impact on many aspects of quality of life. 
Ul-Haq, Mackay, Fenwick, and Pell (2013a) 
conducted a meta-analysis of eight studies 
assessing the link between BMI and health-
related quality of life (HQoL), measured 
using the Medical Outcome Study 36-Item 
Short-Form Health Survey (SF-36), and 
observed decreasing physical health scores 
with increasing BMI. For mental health, 
significantly lower scores were linked only 
to class 3 obesity, with significantly higher 
mental health scores seen in the overweight 
category. In youth, obesity and overweight 
have also been linked to lower physical and 
psychosocial quality of life (Ul-Haq, Mack-
ay, Fenwick, & Pell, 2013b).

Outside of body weight alone, weight gain 
has been found to affect HQOL as well. 
Pan et al. (2014) followed over 100,000 
participants in the Nurses’ Health Study 
and Nurses’ Health Study II, and found in 
a multivariate analysis that a gain of 15 or 
more pounds (≥ 6.8 kg) over a 4-year period 
negatively impacted physical domains, in-
cluding bodily pain, general health, physical 
functioning, and vitality.

Discrimination and Lifestyle Outcomes
Despite the high prevalence of overweight 
and obesity in the United States, there are 
considerable social consequences of being 
overweight in a Westernized society that 
values thinness and fitness. Overweight and 
obese individuals perceive or experience 
stigma and discrimination across multiple 
domains, from work to health care to mass 
media (Table 1.2; Puhl & Heuer, 2009). An 
analysis within the Coronary Artery Risk 

Development in Young Adults (CARDIA) 
study found that combined class 2 and 3 obe-
sity was linked to significantly higher risk of 
perceived weight discrimination in multiple 
groups (Dutton et al., 2014). Overweight in-
dividuals are also less likely than their leaner 
peers to be promoted at work (Wadden & 
Stunkard, 1985), and obese individuals, par-
ticularly women, are more likely to experi-
ence discrimination in job hiring (Bartels & 
Nordstrom, 2013; Flint et al., 2016). Sonne-
Holm and Sorensen (1986) observed that 
among 3,267 men in Copenhagen at each 
level of education attainment, the attained 
level of social class was significantly lower 
for obese men. Gortmaker, Must, Perrin, 
Sobol, and Dietz (1993) followed a sample 
of 16- to 24-year-old people over 8 years and 
observed that women and men who were 
overweight were approximately 20% and 
11%, respectively, less likely to marry than 
persons of average weight.

Economic Costs of Obesity

Society bears the burden of overweight and 
obesity—from premature mortality, high-
er incidence of chronic conditions, lower 
HQOL, increased DALYs, and a range 
of other factors. One metric that can help 
quantify the overall burden of overweight 
and obesity on the medical system and soci-
ety at large is to assess their economic costs.

Economic costs related to excess weight 
can be split into direct and indirect costs. 
The direct costs of illness include the costs 
of diagnosis and treatment related to any 
disease (i.e., hospital stays, nursing homes, 
medications, physician visits). Indirect costs 
include the value of lost productivity, includ-
ing wages lost by people unable to work be-
cause of disease and wages forgone due to 
premature mortality. It is important to not 
lose sight of the fact that although the ag-
gregated economic burden of overweight 
and obesity is a very important metric, these 
numbers reflect, in part, significant personal 
costs and burdens experienced by overweight 
individuals (Dor, Ferguson, Langwith, & 
Tan, 2010). In the United States, the direct 
cost of overweight and obesity has been es-
timated to range from approximately 9% to 
up to 20% of annual health care expendi-
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TABLE 1.2. Evidence on Weight Bias

Summary of key findings in existing weight bias research

Strength 
of evidence

L
im

it
ed

M
od

er
at

e

St
ro

ng

Employment settings

Obese employees perceive weight-based disparities in employment X

Obese employees experience a wage penalty (controlling for sociodemographic variables) X

Obese applicants face weight bias in job evaluations and hiring decisions X

Obese employees face disadvantaged employment outcomes due to weight bias X

Health care settings

Health care professionals endorse stereotypes and negative attitudes about obese patients X

Weight bias negatively affects providers’ weight management practices X

Obese patients perceive biased treatment in health care X

Weight bias negatively impacts health care utilization X

Educational settings

Weight bias contributes to educational disparities for obese students X

Educators endorse negative weight-based stereotypes and antifat attitudes X

Other students perceive weight bias from educators X

Interpersonal relationships

Weight bias negatively impacts romantic relationship for obese adults X

Obese individuals perceive weight bias from family members and friends X

Family/friends report stereotypes and negative attitudes about obese persons X

Media

Overweight/obese characters are stigmatized in television and film X

Overweight/obese characters are stereotyped in children’s media (TV, DVDs, cartoons) X

Weight bias exists in news media X

Media and television exposure is positively related to stigmatization of obese persons X

Psychological and physical health consequences

Weight bias increases vulnerability to depression, low self-esteem, and poor body image X

Weight bias contributes to maladaptive eating behaviors among obese individuals X

Weight bias contributes to less participation/avoidance of physical activity X

Weight bias negatively impacts cardiovascular health outcomes X

Stigma-reduction strategies

Effective intervention strategies have been identified to reduce weight bias X

Note. Reprinted from Puhl and Heuer (2009). The stigma of obesity: A review and update. Obesity (Silver Spring), 17(5), 
941–964. Copyright © 2009 Wiley. Reprinted by permission.
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tures (Cawley & Meyerhoefer, 2012; Finkel-
stein, Trogdon, Cohen, & Dietz, 2009). In 
other developed countries, directs costs as 
a percent of health care spending generally 
range between 2 and 5% (Lehnert, Sonntag, 
Konnopka, Riedel-Heller, & Konig, 2013). 
Using projected obesity rates for 2030—
and the impact that they may have on rates 
of chronic disease—Wang, McPherson, 
Marsh, Gortmaker, and Brown (2011) es-
timated that direct, obesity-related medical 
spending in the United States may increase 
by $48–$66 billon per year (Figure 1.6).

Assessing indirect costs further defines 
the full economic burden of overweight and 
obesity and takes into account factors such 
as lost wages, absenteeism, disability, and 
loss of productivity. An analysis by Finkel-
stein, DiBonaventura, Burgess, and Hale 
(2010) assessed the economic impact in the 
workplace of both absenteeism and presen-
teeism (i.e., working while sick), a metric 

intended to capture losses in work produc-
tivity. Using data from the 2006 Medical 
Expenditure Panel Survey (MEPS) and 2008 
U.S. National Health and Wellness Sur-
vey (NHWS), the authors estimated that 
obesity-related costs from absenteeism and 
presenteeism were over $40 billion among 
full-time workers. Adding direct medical 
costs, the total impact rose to $73.1 bil-
lion. Adopting data from Finklestein et al. 
(2010), Wang et al. (2011) estimated that 
by 2030, in the United States, excess weight 
may lead to the loss of 1.7–3 million pro-
ductive person-years in working U.S. adults. 
The total cost of such a loss could be up 
to $390–$580 billon. All told, the direct 
and indirect economic impact of obesity in 
the United States has been estimated to be 
over $215 billion each year (Hammond & 
Levine, 2010). CHD is the major weight-
related contributor to indirect costs, with 
other key contributors being type 2 diabetes 

FIGURE 1.6. Projected health care related to obesity: United States and United Kingdom, 2010–2030. 
(A) United States, historic trend; (B) United States, recent trend; (C) United Kingdom, historic trend; 
(D) United Kingdom, recent trend. Dashed lines indicate 95% CI. Costs are $ for United States and 
£ for United Kingdom. Reprinted from Wang, McPherson, Marsh, Gortmaker, & Brown, M. (2011). 
Health and economic burden of the projected obesity trends in the USA and the UK. Lancet, 378(9793), 
815–825. Copyright © 2011, with permission from Elsevier.
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and osteoarthritis; combined, they have a 
major impact on premature mortality, work-
days lost, and restricted-activity days. The 
health care costs that have been estimated 
to date are likely underestimates of the true 
direct and indirect costs, since they do not 
take into account the full spectrum of nega-
tive outcomes caused by or associated with 
overweight or obesity. Moreover, rates of 
obesity continue to rise in many groups. It is 
possible that increased rates of health insur-
ance coverage in the United States through 
the Affordable Care Act and the expan-
sion of Medicaid in most states could help 
mitigate or stabilize costs associated with 
overweight and obesity. However, data are 
not yet available to adequately address that 
question, and the health insurance environ-
ment is currently in flux.

Conclusion

Overweight and obesity are major burdens 
on societies and individuals the world over. 
In the United States, rates of obesity con-
tinue to increase in many populations, with 
few signs of substantial slowing. Globally, in 
2013, high BMI accounted for over four mil-
lion deaths (GBD 2013 Risk Factor Collab-
orators et al., 2015). Among other serious 
outcomes, excess weight is a key contribu-
tor to premature mortality, heart disease, 
stroke, type 2 diabetes, hypertension, and 
osteoarthritis, as well as lower quality of life 
and increased DALYs. Obesity is also associ-
ated with social stigma, discrimination, ab-
senteeism, lost wages, and lower work pro-
ductivity. All told, overweight and obesity 
are responsible for a substantial proportion 
of medical spending in the United States and 
other Westernized countries. Indirect costs 
related to weight-related issues such as quali-
ty of life, disability, and employment further 
add to the economic burden. Trends suggest 
that these costs are likely to continue to in-
crease.

However, overweight and obesity are 
modifiable risk factors, and evidence shows 
that weight loss leads to lower risk of many 
weight-related diseases (Rueda-Clausen, 
Ogunleye, & Sharma, 2015). Even small 
shifts downward in population BMI can 
have an enormous effect on societal burden 

(Wang et al., 2011). As with the fight against 
tobacco, making progress against the obe-
sity epidemic will require multipronged, 
multilayered approaches—such as improved 
food and activity offerings in schools and 
workplaces, taxes on unhealthy foods, sub-
sidies for healthy foods, widespread commu-
nication campaigns, and infrastructure that 
allows individuals to easily and safely fit ac-
tivity into their days. The social, financial, 
and structural environment that surrounds 
individuals is key to making and sustaining 
healthy behaviors. Garnering the resources 
and political will to make and sustain such 
efforts will be key to effectively addressing 
the burden of overweight and obesity.
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Although energy balance is ultimately regu-
lated by the central nervous system (CNS), 
the organs of the alimentary canal and sup-
porting organs of the peritoneal cavity sup-
ply numerous neuroendocrine signals that 
are necessary for the physiological and be-
havioral processes that affect energy bal-
ance. This chapter provides a brief overview 
of “gut hormones” and their contribution 
to energy balance regulation. Here, gastro-
intestinal (GI)- and pancreatic-derived pep-
tides that have been extensively studied both 
in the context of normal physiology and in 
the pathophysiological state of obesity are 
discussed. Accordingly, the hormonal sys-
tems reviewed here are likely those systems 
that represent the greatest opportunity for 
future pharmacological targets to treat obe-
sity. It is also worth noting that some of the 
gut peptides discussed in this chapter are 
also synthesized centrally within the brain 
and are more accurately referred to as neu-
ropeptides. Thus, an important consider-
ation for all of the peptides described is a 
discussion about the mechanisms (behav-
ioral, endocrine, and autonomic) and neuro-
anatomical sites-of-action within the brain 
and periphery.

Gut peptides regulate feeding behavior 
by negatively or positively influencing food 

intake during a meal and/or between meals 
(influencing the intermeal interval and the 
frequency of meal taking; Grill & Hayes, 
2012; Moran, 2006; Ritter, 2004). This 
process involves a constant stream of gut-
to-brain communication through humoral 
mechanisms as well as neuronal signaling 
predominately via the vagus nerve and, to a 
smaller extent, splanchnic pathways. Once 
a meal has begun and food enters the oral 
cavity, cranial nerves VII, IX, and X relay 
various properties of the ingesta (e.g., taste 
and texture) to the brainstem, which pro-
motes further feeding if the food is per-
ceived as palatable (Norgren, 1983). As 
food is swallowed and enters the GI tract, 
information about the volume of the food 
is sensed through the mechanical distension 
of the stomach and subsequently relayed to 
the nucleus tractus solitarius (NTS) by the 
vagus nerve. These gastric inhibitory sig-
nals begin to counteract the positive meal-
promoting signals from the oral cavity. The 
various chemical and nutritive properties of 
the food stimulate the release of gut peptides 
and neurotransmitters from the GI tract and 
supporting organs of the alimentary canal 
(e.g., pancreas). This process enhances com-
munication to the brain via humoral (i.e., 
endocrine) and neuronal pathways about 

C H A P T E R  2

Gut‑to‑Brain Mechanisms  
of Body Weight Regulation

Matthew R. Hayes



 Gut-to-Brain Mechanisms of Body Weight Regulation 25

the ongoing status of the meal. These with-
in-meal food-intake-inhibitory signals are 
collectively referred to as satiation signals 
(Ritter, 2004). The accumulation of these 
satiation signals is perpetually sensed by the 
brain and eventually leads to satiety, or meal 
termination. Satiety then persists from the 
end of one meal to the start of the next meal.

Given the redundant number of gut pep-
tides, neuropeptides, and neurotransmit-
ter systems that exist in the body to inhibit 
food intake and promote satiety, it seems 
initially paradoxical that obesity rates con-
tinue to rise worldwide. One interpretation 
of this phenomenon is that humans lack true 
homeostatic equilibrium when it comes to 
energy balance. Many theories have been 
proposed, discussed, heavily reviewed, and 
cited on this topic (McAllister et al., 2009; 
Thomas et al., 2012). A growing evolution-
ary theory states that our energy balance 
neuroendocrine systems have developed not 
to maintain leanness or normal energy equi-
librium, but rather to defend adiposity and 
the surplus of energy storage (Rosenbaum, 
Kissileff, Mayer, Hirsch, & Leibel, 2010). 
From this perspective, it is worth noting that 
the brain initiates autonomic, behavioral, 
and endocrine responses not just in response 
to the accumulation of a given neuropeptide 
signal and receptor activation, but also in 
response to the reduction of a given signal.

GI Satiation Signals

The abundant vagal afferent innervation and 
proximal location of the stomach within the 
GI tract provide an early monitoring system 
for the status of meal ingestion. Specifically, 
the food-intake-inhibitory signals produced 
by the stomach arise from the mechanical 
distension of the stomach (rather than the 
chemical/nutritive properties of the ingested 
food; Mathis, Moran, & Schwartz, 1998; 
Phillips & Powley, 1996; Powley & Phillips, 
2004). Unlike the satiation signals that arise 
from the intestine, the intake-inhibitory sig-
nals arising from the stomach are not medi-
ated by gut peptides. Rather, a portion of the 
dendritic vagal sensory endings innervating 
the stomach is specialized to be responsive 
to stretch and/or tension. These sensory end-
ings are referred to as intraganglionic lami-

nar endings and intramuscular arrays (see 
Ritter, 2004, for review). The vagal den-
dritic detection of tension and stretch within 
the gastric wall results in neuronal transmis-
sion from vagal axon projections to NTS 
neurons in the caudal brainstem (see Grill & 
Hayes, 2012, for review). In addition, as the 
gastric wall is distended, the neurotransmit-
ter serotonin (5-HT) is secreted from gastric 
enterochromaffin (EC) cells and is thought 
to provide the principal stomach-derived in-
take-inhibitory signal. This 5-HT-mediated 
hypophagic response engaged by gastric dis-
tension occurs principally through the acti-
vation of ionotropic 5-HT type-3 receptors 
(5-HT3R) expressed on the dendritic termi-
nals of vagal afferents innervating the stom-
ach (Glatzle et al., 2002; Hayes, Moore, 
Shah, & Covasa, 2004; Mazda, Yamamoto, 
Fujimura, & Fujimiya, 2004). Where ap-
propriate, gastric distension and GI-derived 
satiation signaling interactions with gut 
peptides that control energy balance are dis-
cussed further in this chapter.

Cholecystokinin
The neuropeptide cholecystokinin (CCK), 
released peripherally from intestinal “I” 
cells in response to ingestion of nutrients, is 
arguably one of the most well-studied satia-
tion signals (see Moran, 2006, and Ritter, 
2004, for review). Indeed, over four decades 
ago, Gibbs, Young, and Smith (1973) first 
reported that exogenous, systemic adminis-
tration of CCK produced a dose-dependent 
decrease in meal size. This initial finding 
was the first to demonstrate that a GI-de-
rived peptide could negatively influence food 
intake, providing the seminal discovery for 
future scientific fields investigating the gut-
to-brain communication involved in the con-
trol of energy balance.

Systemic CCK acts via CCK-1 receptors 
(historically referred to as CCK-A receptors) 
that are densely distributed in the periphery 
on the afferent terminals of the vagus nerve 
and in select regions of the CNS. Impor-
tantly, though, the primary site-of-action 
for either endogenous or exogenous systemic 
CCK is not the CNS, but rather the vagal 
afferents (Smith, Jerome, & Norgren, 1985). 
Support for the physiological requirement 
of endogenous CCK-1 receptor signaling in 
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controlling meal size, as well as energy bal-
ance more broadly, comes from the findings 
that blockade of CCK-1 receptors, using se-
lective antagonists, results in a short-term 
increase in food intake. Other supporting 
data show that rats with genetic deletion of 
the CCK-1 receptor are chronically hyper-
phagic and obese (see Moran, 2006, and 
Ritter, 2004, for review).

The suppression of food intake by CCK 
administration is enhanced when combined 
with other GI-derived satiation signals. For 
example, data from Schwartz and Moran 
show that CCK and gastric distension com-
bine in a dose- and volume-dependent fashion 
to increase firing rate and total spike num-
ber of electrophysiological recordings made 
on single vagal afferent fibers (Schwartz, 
McHugh, & Moran, 1993; Schwartz & 
Moran, 1996). This vagal integration is 
further postulated to mediate the enhanced 
behavioral suppression of food intake when 
CCK and gastric distension are combined 
(Moran, Ladenheim, & Schwartz, 2001; 
Ritter, 2004; Schwartz & Moran, 1996). 
Interestingly, these two GI-derived satiation 
signals also mechanistically interact within 
a meal to suppress the ongoing meal. Spe-
cifically, CCK-1 receptor activation reduces 
gastric emptying and thereby enhances gas-
tric distension as the animal/human con-
tinues to feed (Moran & McHugh, 1982). 
Further, this interaction between CCK and 
gastric distension involves participation of 
other GI-derived satiating signals, such as 
5-HT, which is released in response to gas-
tric distension (Mazda et al., 2004) and 
interacts with CCK to reduce food intake. 
Indeed, blockade of 5-HT3R attenuates the 
suppression of food intake by CCK (Daugh-
ters et al., 2001; Hayes et al., 2004).

In addition to the traditional role of CCK 
as a within-meal satiation signal, CCK in-
teracts with hormonal systems such as insu-
lin and leptin, which serve as a readout of 
long-term energy stores (see Begg & Woods, 
2012, and Grill & Hayes, 2012, for review). 
Looking at leptin as the example of this in-
teraction, leptin potentiates the anorectic 
effects of CCK and other GI-derived satia-
tion signals (see Grill & Hayes, 2012, for 
review). This leptin–CCK interaction is not 
confined to one nucleus within the brain, 
but rather involves distributed sites of action 

throughout the body that include vagal af-
ferents (Peters, Karpiel, Ritter, & Simasko, 
2004; Peters, Ritter, & Simasko, 2006), the 
NTS (Hayes et al., 2010), the parabrachial 
nucleus (Flak et al., 2014), and hypothalam-
ic nuclei (Barrachina, Martinez, Wang, Wei, 
& Tache, 1997; Emond, Schwartz, Laden-
heim, & Moran, 1999).

Despite extensive examination of the CCK 
system, there are a number of hurdles block-
ing the development of safe and efficacious 
pharmacological tools targeting CCK as a 
means to facilitate weight loss in obese hu-
mans. One major obstacle is the pronounced 
tachyphylaxis that develops with repetitive 
CCK administrations (Crawley & Beinfeld, 
1983). Perhaps most important for CCK-1 
receptor agonists is the need for analogs that 
remain efficacious without producing pan-
creatitis, a well-known response to chronic 
CCK-like treatments in mammals (Lampel 
& Kern, 1977; Makovec et al., 1986). To 
this end, at least one compound, GI181771X 
(GlaxoSmithKline), appears to have little ef-
fect on pancreatic endpoints in overweight/
obese humans (Myer, Romach, & Elang-
bam, 2014). Unfortunately, chronic treat-
ment with this therapeutic did not reduce 
food intake and body weight in overweight 
and obese humans (Jordan et al., 2008), 
possibly for the aforementioned tachyphy-
laxis and reduced responsiveness that occurs 
with continuous CCK-1 receptor activation.

Glucagon‑Like Peptide‑1
Multiple biological processes are regulat-
ed by the glucagon-like peptide-1 (GLP-1) 
system, including insulin secretion; blood 
glucose regulation; suppression of gastric 
emptying; cardiovascular and thermogenic 
effects; modulation of reward- and goal-di-
rected behaviors; and, importantly, a physi-
ological role in food intake and energy bal-
ance (see Hayes, Mietlicki-Baase, Kanoski, 
& De Jonghe, 2014, and Holst, 2007, for 
review). Within the periphery, GLP-1 is prin-
cipally secreted by enteroendocrine “L” cells 
of the distal small intestine and large intes-
tine in response to the ingestion of food. 
GLP-1 is rapidly degraded by the enzyme 
dipeptidyl peptidase-4 (DPP-IV) to inac-
tive metabolites, and therefore has a short 
circulating half-life of less than 10 minutes 
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(Holst, 2007), rendering native GLP-1 inap-
propriate for the treatment of obesity. GLP-1 
acts on the GLP-1 receptor (GLP-1R), a G 
protein-coupled receptor, which has a varied 
tissue distribution in mammals (brain, pan-
creas, intestine, heart, etc.; see Holst, 2007, 
for review). Under normal physiological cir-
cumstances, intestinally derived GLP-1 ac-
tivates GLP-1R, expressed on the dendritic 
terminals of the vagal afferents innervat-
ing the GI tract in a paracrine-like mode of 
action (see Hayes et al., 2014, for review). 
However, the relevant GLP-1R populations 
mediating the suppression of food intake 
through GLP-1R pharmacological agonists 
(e.g., liraglutide, exendin-4) or inhibitors of 
DPP-IV (e.g., sitagliptin) are more diverse. 
For example, when the long-lasting GLP-1R 
agonist liraglutide or exendin-4 is admin-
istered systemically, each can sufficiently 
penetrate the blood–brain barrier and gain 
access to the brain in amounts sufficient to 
drive physiological and behavioral respons-
es. Indeed, activation of GLP-1R expressed 
in the CNS will recapitulate many of the 
same behavioral and physiological responses 
that are observed following peripheral GLP-
1R ligand administration (see Hayes et al., 
2014, for review). This makes it difficult to 
disentangle the effects originating in the pe-
riphery from those effects mediated by di-
rect CNS activation. Therefore, one of the 
current challenges in the obesity field is to 
characterize the energy balance responses 
mediated by individual GLP-1R-expressing 
nuclei and the physiological mechanisms 
mediating these responses.

Whereas research pursuant to the explo-
ration of GLP-1-mediated effects in a multi-
tude of CNS nuclei is certainly warranted, of 
particular interest is research aimed at iden-
tifying GLP-1 modulation of food reward 
processes. Given that the excessive food in-
take that contributes to human obesity is not 
driven by metabolic need alone, a number 
of laboratories have made major advances 
in our understanding of the role that GLP-1 
signaling in the nuclei of the mesolimbic re-
ward system has on control of energy bal-
ance (Alhadeff, Rupprecht, & Hayes, 2012; 
Dickson et al., 2012; Dossat, Lilly, Kay, & 
Williams, 2011). Perhaps most attractive 
from the perspective of obesity treatment is 
the finding that some of these mesolimbic 

nuclei (e.g., ventral tegmental area [VTA]) 
are directly activated by systemic adminis-
tration of GLP-1R agonists to suppress food 
intake and body weight (Mietlicki-Baase, 
Ortinski, et al., 2013). Recently, the GLP-1R 
agonist liraglutide (Saxenda) was approved 
for the treatment of obesity (Mordes, Liu, & 
Xu, 2015). We now need further basic sci-
ence investigations to identify adjunct be-
havioral and pharmacological therapies that 
can be combined with GLP-1R ligands to 
enhance the suppression of food intake and 
body weight by these pharmacotherapies.

Gastric Inhibitory Polypeptide
Gastric inhibitory polypeptide (GIP) stimu-
lates glucose-dependent insulin secretion, 
insulin transcription/translation, as well 
as betacell growth and preservation of be-
tacell survival under normal physiological 
conditions (see Sadry & Drucker, 2013, for 
review). However, there is limited evidence 
supporting consistent effects of GIP on ener-
gy balance produced by GIP treatment alone. 
Further, much of the beneficial glycemic ef-
fect of GIP signaling is impaired in states of 
chronic hyperglycemia (Jones, Owens, Vora, 
Luzio, & Hayes, 1989). The latter fact has 
greatly precluded any significant pharmaco-
logical advancement for the GIP system as a 
primary treatment strategy for type 2 diabe-
tes mellitus (T2DM). There is also a multi-
tude of conflicting reports showing oppos-
ing metabolic effects arising from activation 
or inhibition of GIP receptors. For example, 
GIP administration in hyperglycemic pa-
tients with T2DM promotes glucagon secre-
tion and worsens glucose tolerance (Chia et 
al., 2009), an effect contrary to GIP-mediat-
ed effects in euglycemic nondiabetic condi-
tions. In mouse models, genetic deletion of 
the GIP receptor improves glucose tolerance 
and insulin sensitivity (see Sadry & Drucker, 
2013, for review). Thus, although emerging 
combination therapies involving GIP signal-
ing are being pursued as a potential treat-
ment strategy for metabolic diseases (Sadry 
& Drucker, 2013), the cautious view at this 
moment indicates that further extensive 
preclinical and clinical trials for GIP-based 
pharmacotherapy are needed before consid-
ering any GIP-based compound as a viable 
treatment option for T2DM and/or obesity.
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Peptide YY
Peptide YY (PYY) is co-released with GLP-1 
from the L cells of the small and large intes-
tines after the ingestion of food (Lundberg et 
al., 1982). PYY is initially secreted in a lon-
ger form (PYY[1–36]) that has no effect on 
food intake (Sloth, Davidsen, Holst, Flint, 
& Astrup, 2007), but like GLP-1, PYY is 
rapidly cleaved by DPP-IV) to form PYY(3–
36) (Medeiros & Turner, 1994). Although 
first identified in the early 1980s (Tatemoto, 
1982), the effects of PYY(3–36) on energy 
balance remained controversial for many 
years (Batterham & Bloom, 2003; Batter-
ham et al., 2002; Boggiano et al., 2005; 
Tschop et al., 2004), due in part to the fact 
that the two endogenous circulating iso-
forms of PYY (PYY[1–36] and PYY[3–36]) 
bind to Y1, Y2, and Y5 receptors with dif-
ferent affinities (Blomqvist & Herzog, 1997; 
Silva, Cavadas, & Grouzmann, 2002). Im-
portantly, PYY(1–36) binds to all of these 
receptors, whereas PYY(3–36) is thought to 
have the highest affinity for the Y2 receptor 
(Keire, Bowers, Solomon, & Reeve, 2002). 
Further contributing to the controversy is 
the bidirectional effect on feeding seen with 
peripheral versus central delivery. Specifi-
cally, peripheral administration of PYY(3–
36) suppresses feeding and body weight in 
humans and in animal models (Batterham 
& Bloom, 2003), whereas central (lateral, 
third, and fourth intracerebroventricular 
[ICV]) administration of either PYY(1–36) 
or PYY(3–36) robustly stimulates food in-
take (Clark, Sahu, Kalra, Balasubramani-
am, & Kalra, 1987). Thus, although there is 
growing research attention to the PYY sys-
tem as a potential future target for obesity 
treatment, it is clear that an abundance of 
work is needed to discern the physiological 
effects mediated by Y-receptor signaling.

From the perspective of creating pharma-
cotherapies to treat obesity, it is worth not-
ing that chronic systemic administration of 
PYY(3–36) reduces food intake (Reidelberg-
er, Haver, Chelikani, & Buescher, 2008). 
This peptide can cross the blood–brain bar-
rier (Nonaka, Shioda, Niehoff, & Banks, 
2003) and is thought to act primarily within 
the CNS to exert its hypophagic effects. Like 
ghrelin (discussed later), particular attention 
has been paid to the actions of PYY on the 

neuropeptide Y (NPY) system (Ballantyne, 
2006). Indeed, PYY(3–36) is thought to 
exert its anorectic effects, in part, via ago-
nism of the Y2 receptor, and specifically the 
Y2 receptors expressed on arcuate nucleus 
of the hypothalamus (ARC) NPY/agouti-
related peptide (AgRP) neurons (Teubner & 
Bartness, 2013). However, further research 
is needed to determine if all of the CNS ac-
tion results in a decrease or increase in food 
intake, if there is a hope that PYY-based 
pharmacotherapies could be used to treat 
human obesity.

Ghrelin: The Sole GI “Hunger Hormone”
The conscious decision made by humans and 
animals to procure food and initiate inges-
tion of a meal is made after neural assimila-
tion of a multitude of internal and external 
stimuli. Meal initiation occurs in response 
to internal hunger signals that communicate 
energy need, as well as to external environ-
mental cues and appetite signals that include 
entrainment and the social, memory, cogni-
tive, and sensory aspects of feeding behav-
ior. With regard to the subjective feeling of 
hunger, it is important to note that hunger 
is generated by an accumulation of central 
and peripheral orexigenic signals that pro-
mote feeding, as well as the reduction of 
GI-derived satiation signals once the previ-
ous meal has been digested and absorbed. 
To date, ghrelin represents the sole gut pep-
tide that is classified as a hunger (orexigenic) 
hormone.

Upon its original discovery, ghrelin was 
recognized for its ability to promote growth 
hormone secretion (Kojima et al., 1999). The 
role of this peptide as a hunger hormone was 
identified shortly after its discovery (Tschop, 
Smiley, & Heiman, 2000). Ghrelin is pro-
duced primarily in the X/A-like cells of the 
stomach (Date et al., 2000), although some 
reports suggest that ghrelin is also synthe-
sized centrally (Cowley et al., 2003). Within 
the circulation, ghrelin exists in two major 
forms: des-acyl ghrelin and acylated ghre-
lin (Hosoda, Kojima, Matsuo, & Kangawa, 
2000). Acylation is accomplished by the ac-
tions of the enzyme ghrelin-O-acyltransfer-
ase (GOAT; Yang, Brown, Liang, Grishin, 
& Goldstein, 2008). Circulating levels of 
acylated ghrelin are lower than des-acyl 
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ghrelin (Hosoda et al., 2000); however, the 
orexigenic effects of ghrelin are attributed 
predominantly to its acylated form. Toshi-
nai et al. (2006) have reported a hyperpha-
gic effect of des-acyl ghrelin, but more re-
cent studies show a reduction in food intake 
and body weight with des-acyl ghrelin ad-
ministration (Heppner et al., 2014). In fact, 
there is a growing consensus that des-acyl 
ghrelin may act as an endogenous competi-
tive antagonist for the hyperphagic effects of 
acylated ghrelin (Delhanty, Neggers, & van 
der Lely, 2012). Given the controversy and 
limited number of reports on des-acyl ghre-
lin’s actions on food intake, for the duration 
of this section, ghrelin refers to the acylated 
form of the peptide.

One of the most remarkable and unique 
features of ghrelin with regard to GI-derived 
hormones is that circulating levels of ghrelin 
increase with fasting (Tschop et al., 2001). 
Individuals who take meals on a regular 
schedule from day to day will eventually 
exhibit an entrainment of ghrelin levels to 
their mealtimes (Cummings et al., 2001). 
This temporal link between peak ghrelin 
levels and the onset of feeding has led to the 
notion that ghrelin may serve as a meal ini-
tiation signal (Cummings et al., 2001). Once 
food is ingested, circulating ghrelin declines 
(Tschop et al., 2001). Interestingly, the post-
prandial suppression of ghrelin is related to 
the macronutrient content of the meal, with 
ghrelin being more effective at reducing car-
bohydrates than intake of fats or proteins 
(Overduin, Frayo, Grill, Kaplan, & Cum-
mings, 2005).

The ghrelin receptor, or growth hormone 
secretagogue receptor (GHS-R), is widely 
distributed throughout the body, including 
the brain (Asakawa et al., 2003; Shuto et al., 
2002). Given that ghrelin crosses the blood–
brain barrier (Banks, Burney, & Robinson, 
2008), circulating ghrelin can potentially 
activate both central and peripheral receptor 
populations. Indeed, most of the research 
on ghrelin’s hyperphagic effects has focused 
on its actions within the brain. Some of the 
initial research on the neuronal mechanisms 
mediating ghrelin’s orexigenic effects exam-
ined the ability of ghrelin to regulate feed-
ing via effects in the ARC nucleus of the 
hypothalamus (Cowley et al., 2003). Spe-
cifically, ghrelin activating the GHS-R ex-

pressed on NPY/AgRP neurons in the ARC 
(Willesen, Kristensen, & Romer, 1999) in-
creases expression of NPY and AgRP, neu-
ropeptides with orexigenic effects (Kamegai 
et al., 2001). At the same time, ghrelin is 
thought to activate GHS-R expressed on 
adjacent ARC NPY/AgRP neurons to stim-
ulate the release of gamma-aminobutyric 
acid (GABA) onto proopiomelanocortin 
(POMC) neurons within the ARC (Cowley 
et al., 2003), reducing the activity of this 
hypophagia- producing neuronal population. 
These complementary effects of increasing 
NPY/AgRP activity, while concomitantly 
suppressing POMC activity, contribute to 
the overall stimulation of feeding by ghrelin.

Beyond the hypothalamus, ghrelin has 
been well documented to activate a number 
of other nuclei within the brain to promote 
positive energy balance. These include hind-
brain sites such as the dorsal vagal complex 
(Faulconbridge, Cummings, Kaplan, & 
Grill, 2003), as well as a number of forebrain 
nuclei, including the paraventricular nucleus 
of the hypothalamus (Currie, Mirza, Fuld, 
Park, & Vasselli, 2005), the lateral hypo-
thalamus (Olszewski et al., 2003), the hip-
pocampus (Kanoski, Fortin, Ricks, & Grill, 
2013), and the amygdala (Alvarez-Crespo 
et al., 2012). Several recent studies have fo-
cused on the ability of ghrelin to modulate 
activity of the mesolimbic dopamine path-
way, including the VTA, and to increase 
food intake and the motivation to obtain 
palatable food (Egecioglu et al., 2010). Col-
lectively, these studies suggest that ghrelin 
may have interesting effects on reward and 
motivational processes involved in feeding.

Though it may seem paradoxical, obese 
individuals typically have lower plasma lev-
els of ghrelin than do lean individuals. This 
is observed in fasting levels of ghrelin. Ad-
ditionally, the postprandial suppression of 
ghrelin is not as large in obese individuals 
as in lean individuals (Tschop et al., 2001). 
Weight loss results in an increase in plasma 
ghrelin (Cummings et al., 2002), which 
may contribute to the increased hunger ex-
perienced during and after dieting-induced 
weight loss. Because ghrelin stimulates hun-
ger and increases feeding, a number of labo-
ratories have attempted to reduce the bioac-
tivity of ghrelin in an attempt to promote 
weight loss. In animal models, reduction of 
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ghrelin levels has been accomplished through 
the use of anti-ghrelin immunoglobulins 
(Teubner & Bartness, 2013). Unfortunately, 
the bioavailability of these compounds, as 
well as multiple undesired side effects, have 
limited the translation of this type of phar-
macological approach for humans.

Pancreatic Beta‑Cell‑Derived Hormones

Meal taking presents a challenge to many 
aspects of metabolic homeostasis, including 
glycemia. Maintenance of blood glucose lev-
els is largely regulated by pancreatic-derived 
hormones glucagon and insulin, released 
from pancreatic alpha and beta cells, respec-
tively. As nutrients enter the GI tract during 
meal taking, it is critical that adequate and 
rapid communication occur between the 
GI tract, brain, and pancreas to facilitate 
glycemic control. Interestingly, some of the 
hormonal signals produced by the pancreas 
also have potent effects on feeding and body 
weight.

Insulin
In addition to insulin’s ability to regulate 
glucose levels, insulin receptor signaling 
also affects food intake, although the reli-
ability of insulin-mediated energy balance 
effects are sometimes questioned (see Begg 
& Woods, 2012, and Woods & Langhans, 
2012, for review). Although insulin obvi-
ously promotes the lowering of plasma 
blood glucose—an effect that, in itself, may 
affect subsequent food intake—the energy 
balance effects of insulin receptor signal-
ing are thought to be independent from its 
effects on glycemia (Woods, Stein, McKay, 
& Porte, 1984). Thus, whereas some of the 
energy balance effects of insulin may be 
mediated by peripheral organs such as the 
liver (see Begg & Woods, 2012, for review), 
the majority of the intake-suppressive ef-
fects of peripheral insulin are thought to be 
 centrally mediated (Woods, Seeley, Baskin, 
& Schwartz, 2003), following CNS pen-
etrance via facilitated transport (Baura et 
al., 1993).

Within the CNS, insulin receptor signal-
ing reduces food intake and body weight 
in baboons, rats, sheep, mice, and possibly 

humans (Brown, Clegg, Benoit, & Woods, 
2006). Many studies have examined the 
ability of insulin to regulate feeding via ac-
tions in the hypothalamus, particularly in 
the ARC. Insulin receptors are tyrosine ki-
nase receptors that are expressed on NPY-
containing, as well as on POMC-expressing, 
ARC neurons. To this end, ICV administra-
tion of insulin reduces NPY expression in 
the ARC (Schwartz et al., 1991), as well as in 
the paraventricular nucleus (Schwartz et al., 
1992), possibly via recruitment of GABA-
ergic circuits. Insulin also increases POMC 
expression (Kim, Grace, Welsh, Billington, 
& Levin, 1999), consistent with an overall 
reduction in food intake.

Activation of the insulin receptor results 
in rapid phosphorylation of insulin recep-
tor substrates (IRS). In particular, IRS-2 
appears to be important for the control of 
energy balance by insulin, in that whole-
body (Burks et al., 2000) or hypothalamic 
knockdown (Kubota et al., 2004) of IRS-2 
promotes obesity in murine models. A num-
ber of intracellular pathways downstream 
of IRS have been documented as required 
signaling events to mediate the suppression 
of food intake by activation of insulin re-
ceptors. Principal among these is the . . . 
phosphatidylinositol-3-kinases (PI3K) sig-
naling pathway (Niswender et al., 2003). 
Pharmacological inhibition of PI3K attenu-
ates the ability of centrally delivered insulin 
to suppress food intake (Niswender et al., 
2003), indicating the requirement of PI3K 
activation to facilitate the anorectic effects 
of insulin. Engagement of the PI3K pathway 
is also important for insulin-mediated con-
trol of energy balance in extrahypothalamic 
sites such as the amygdala (Castro et al., 
2013).

In the context of obesity, insulin is often 
referred to as a lipostatic signal (Benoit, 
Clegg, Seeley, & Woods, 2004), in that cir-
culating concentrations of insulin reflect 
levels of adiposity (Ahren, 1999). This con-
cept fails, to some extent. Despite an accu-
mulating magnitude of insulin signaling as 
adiposity increases, insulin resistance de-
velops, and the obese individual does not 
subsequently reduce energy intake and in-
crease energy expenditure to reduce adipos-
ity levels. Thus, despite their higher plasma 
insulin, obese individuals are resistant to the 
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intake- and body-weight-suppressive effects 
of the peptide (see Begg & Woods, 2012, for 
review). These effects are not entirely due to 
an insufficient penetration of insulin into the 
CNS (Kaiyala, Prigeon, Kahn, Woods, & 
Schwartz, 2000), as direct, central adminis-
tration of insulin is less effective at reducing 
food intake in obese animals maintained on 
a high-fat diet.

Amylin (Islet Amyloid Polypeptide)
The peptide hormone amylin is co-secreted 
with insulin at a 1-to-100 ratio from pan-
creatic beta cells after food is consumed 
(Ogawa, Harris, McCorkle, Unger, & Lus-
key, 1990). As one might expect, given its 
association with insulin release, amylin has 
complementary effects to insulin on glycemic 
control (Schmitz, Brock, & Rungby, 2004), 
mainly mediated through delayed gastric 
emptying (Clementi et al., 1996), inhibition 
of glucagon release (Fehmann et al., 1990), 
and potent anorectic effects (Lutz, 2010). 
Specifically, amylin is well documented as 
a satiation signal, given its robust ability to 
reduce food intake via suppression of meal 
size (Lutz, 2010).

Because surgical vagotomy does not block 
amylin-induced hypophagia (Lutz, Del 
Prete, & Scharrer, 1995), the effects of the 
peptide on feeding are thought to be medi-
ated by direct activation of amylin receptors 
in the brain (Lutz, 2005). Amylin recep-
tors are fairly unique, in that they contain 
one of two splice variants of the calcitonin 
receptor (CTa/CTb; a G-protein-coupled 
receptor) that heterodimerizes with one of 
the receptor activity modifying proteins 
(RAMP1, RAMP2 or RAMP3; Hay, Chris-
topoulos, Christopoulos, & Sexton, 2004). 
Despite the widespread expression of amylin 
receptors throughout the central neuraxis, 
investigations of CNS nuclei and neuronal 
mechanisms mediating the anorectic effects 
of amylin have, until recently, focused on 
classic homeostatic circuitry (Hilton, Chai, 
& Sexton, 1995; Sexton, Paxinos, Kenney, 
Wookey, & Beaumont, 1994). The majority 
of reports describing the hypophagic effect of 
amylin have focused on its ability to regulate 
food intake via actions at the area postrema 
(AP) of the hindbrain, because lesions of this 
nucleus attenuate the hypophagic effects of 

systemic amylin administration (Lutz, Mol-
let, Rushing, Riediger, & Scharrer, 2001; 
Lutz et al., 1998). Importantly, though, 
amylin binding is distributed throughout the 
brain (Paxinos et al., 2004; Sexton et al., 
1994), and amylin can cross the blood–brain 
barrier (Banks & Kastin, 1998; Banks, Kas-
tin, Maness, Huang, & Jaspan, 1995). These 
data suggest that amylin’s access to the CNS 
is not limited to circumventricular struc-
tures such as the AP. Indeed, recent research 
has shown that amylin can act directly in the 
VTA to control food intake (Mietlicki-Baase 
et al., 2015; Mietlicki-Baase, Rupprecht, et 
al., 2013). VTA amylin receptor activation 
appears to have especially potent suppressive 
effects on palatable food intake, as well as 
on the motivation to obtain a palatable food 
(Mietlicki-Baase et al., 2015; Mietlicki-
Baase, Rupprecht, et al., 2013). This is an 
interesting finding given the role of the VTA 
and the mesolimbic system in regulating the 
intake of palatable and rewarding ingesta. 
Additionally, a few studies have investigated 
the actions of amylin in the ventromedial 
nucleus of the hypothalamus (VMH). Re-
sults indicate that amylin may enhance the 
intake-suppressive effects of the adipose-
derived hormone leptin through actions in 
the VMH (Le Foll et al., 2014; Turek et al., 
2010).

A unique feature of amylin receptor acti-
vation as a potential treatment for obesity 
is that it remains effective in its ability to 
suppress food intake and body weight in 
obese rodents and humans (Boyle, Rossier, 
& Lutz, 2011). Studies using the amylin ago-
nist pramlintide, which is FDA approved for 
the treatment of diabetes (Singh-Franco, Ro-
bles, & Gazze, 2007), show that pramlint-
ide treatment in obese humans reduces body 
weight and enhances control over feeding 
behavior (Chapman et al., 2005; Ravussin et 
al., 2009; Roth et al., 2008). This ability of 
amylin to exert its effects in obese individu-
als contrasts with other hormonal signals, 
such as those of leptin and insulin, where 
sensitivity to suppressing food intake is re-
duced in the obese state (Munzberg, Flier, 
& Bjorbaek, 2004). Thus, the absence of 
amylin resistance in obesity has intensified 
interest in amylin-based pharmaceuticals 
as potential future treatments for obesity 
( Mietlicki-Baase & Hayes, 2014).
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Adipose‑Derived Hormones
Leptin
Research examining the adipose-tissue-
derived hormone leptin has transformed 
our understanding of the function of white 
adipose tissue from one of a simple energy 
storage depot to the view that adipose tissue 
is an active endocrine organ. We now ap-
preciate that the greater the fat mass of an 
individual, the larger the available circulat-
ing levels of leptin. Given that leptin, acting 
on its receptors (LepRb, a.k.a. ObRb) in the 
brain, is known to suppress food intake and 
energy expenditure, it seems somewhat par-
adoxical that obesity, a chronic state of el-
evated adipose mass, is able to occur. Under 
normal physiological conditions in a lean 
human or animal, both the total amount of 
adiposity and the fluctuation in adiposity 
levels are minimal. Under these conditions, 
slight variations in circulating leptin levels, 
which communicate energy storage within 
the adipose tissue, are sensed by the brain. 
Appropriate CNS signaling pathways are 
engaged to either increase or decrease food 
intake and energy expenditure to normalize 
energy balance. Unfortunately, however, in 
the case of obesity, leptin levels are chroni-
cally elevated and the brain fails to correctly 
perceive and respond to the overaccumula-
tion of the leptin signal. Such a response is 
known as leptin resistance.

Under conditions in which the body is chal-
lenged by a constant oversupply of nutrients, 
the normal functioning of the physiological 
mechanisms maintaining energy balance is 
disrupted. A state of chronic nutrient excess 
(caused by over consumption of calorically 
dense foods) leads eventually to a blunting 
of signaling in the insulin and leptin path-
ways, a concept referred to as resistance. As 
described previously, under normal condi-
tions, elevated leptin levels act centrally to 
decrease feeding and prevent obesity. Under 
conditions of excess (i.e., obesity), even 
though large amounts of leptin circulate in 
the blood, there are disruptions in the recep-
tor and intracellular signaling responses for 
these hormones. In short, the oversaturation 
of the hormone at the transporter into the 
CNS, as well as at the LepRb themselves, 
decreases the receptor response to the hor-
mone such that leptin fails to appropriately 

suppress food intake and increase energy 
expenditure. Thus, weight gain continues, 
further exacerbating the obesity phenotype. 
A vicious cycle develops, in which the person 
who is already consuming too many calories 
now has less sensitivity to the normal neu-
rochemical signals that should be leading to 
meal termination. Over time, this resistance 
to leptin signaling further predisposes the 
individual toward T2DM and obesity.

Conclusions and Future Directions 
for Obesity Treatment

Although this chapter considers the indi-
vidual contributions of several gut-derived 
and pancreatic hormonal signals to energy 
balance control, it is crucial to reiterate that 
these signals do not act in isolation in mam-
mals. Ingestion of food affects many neural 
and hormonal processes, including those de-
scribed here, as well as numerous other pe-
ripheral and central systems, each of which 
contributes to the overall control of food in-
take and body weight. The redundancy of 
some of these signals is important for pre-
serving and maintaining energy storage, but 
has also presented a major challenge to the 
development of pharmacological strategies 
for the treatment of obesity.

Historically, attempts to treat obesity by 
targeting a single neuroendocrine system 
have failed to produce meaningful and long-
lasting suppression of body weight, and 
some have been plagued by serious side ef-
fects (Gadde, 2014; James et al., 2010). New 
monotherapeutic strategies continue to be 
developed and tested as potential anti-obe-
sity drugs. However, the notion that com-
bination approaches will be more effective 
for producing sustained reductions in body 
weight has become increasingly accepted by 
the scientific community (Phelan & Wadden, 
2002). Such approaches include using phar-
macotherapy in conjunction with behavioral 
intervention (Vetter, Faulconbridge, Webb, 
& Wadden, 2010) and/or pharmacologically 
targeting more than one neurotransmitter/
neuropeptide system (Bray, 2014; Rodgers, 
Tschop, & Wilding, 2012). It is clear that 
further development of effective, noninva-
sive pharmacological strategies for obesity 
treatment is urgently required.
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Throughout history, humans and animals 
have evolved to exhibit complex mechanisms 
that regulate energy homeostasis, or the en-
ergy intake and energy expenditure required 
to maintain body weight. However, what 
was once an evolutionary asset has become a 
liability in the current “pathoenvironment” 
or “obesogenic” environment (Ravussin, 
1995). The “thrifty genotype” was thought 
to enable individuals to efficiently collect 
and process food to deposit fat during pe-
riods of food abundance, so that periods of 
food shortage were offset (feast and famine) 
(Neel, 1962). These once historically ad-
vantageous genes have now become a detri-
ment in the modern obesogenic world where 
famine never occurs. Recently, the “thrifty 
genotype” hypothesis has been challenged 
by Speakman (2007), who offers an alter-
native explanation to the theory of obesity 
susceptibility, called the predation release 
hypothesis. Speakman argues that around 
2 million years ago, predation was removed 
as a significant factor by the development 
of social behaviors, weapons, and fire. The 
absence of predation led to a change in the 
population distribution of body fatness due 
to random mutations and genetic drift. Ac-
cording to Speakman, such random drift, 
rather than directed selection, explains why 

some individuals are able to remain thin 
while living in an obesogenic environment.

Regardless of the origin of the genetic pre-
disposition to obesity, obesity has reached 
epidemic proportions, with rates more than 
doubling over the last 40 years in both indus-
trialized countries and in urbanized popula-
tions around the world. This epidemic is the 
result of a normal physiology (genetic vari-
ability) in a pathoenvironment (Figure 3.1). 
The Centers for Disease Control and Preven-
tion reported that 35.0% of men and 40.4% 
of women in the United States were obese in 
2013–2014. Importantly, the prevalence of 
obesity has more than doubled in children 
and quadrupled in adolescents in the past 30 
years (National Center for Health Statistics 
Report, 2012), with approximately 18% of 
children and 21% of teenagers reported as 
obese and more than one-third of children 
and adolescents reported as overweight or 
obese (National Center for Health Statistics 
Report, 2012). As a result, the World Health 
Organization has identified obesity as one of 
the major emerging chronic diseases.

Obesity results from a chronic imbalance 
between energy intake and energy expendi-
ture, where energy intake exceeds energy ex-
penditure over an extended period of time. 
In order to understand and better treat indi-
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viduals who currently suffer from obesity or 
any complications associated with chronic 
energy balance, we need to understand the 
metabolic factors underlying the interindi-
vidual variability of energy metabolism. We 
know that weight gain is characterized by a 
combination of increased energy (food) in-
take and/or reduced energy expenditure. We 
also know that a variety of metabolic char-
acteristics, such as a low metabolic rate or 
low rates of fat oxidation, can exacerbate 
the susceptibility to weight gain in humans 
beyond just imbalances between energy in-
take and energy expenditure. Although di-
etary intake assessment can be assessed in 
free-living conditions, this measure is not ac-

curate and is usually imprecise. Conversely, 
dietary intake assessment in a laboratory 
setting is also not ideal because it does not 
mimic normal habitual daily intake. Re-
search scientists, therefore, have concentrat-
ed on the contributions of energy expendi-
ture to understand overall energy balance. 
This chapter reviews the concepts of energy 
balance, substrate utilization, and balance; 
methods by which energy expenditure can 
be measured in humans; and the compo-
nents of daily energy expenditure, their in-
herent interindividual variability, and their 
contribution to weight gain in adults. Final-
ly, recent advances in our understanding of 
some of the molecular mechanisms underly-
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FIGURE 3.1. The potential effect of genes and environment on adiposity assessed by body mass index 
(BMI). Some of the concepts described in this figure were originally proposed by Bouchard (2007). Our 
environment has evolved over the past century from a “traditional” environment to a new “western-
ized” environment. The left part of the figure presents the “traditional” environment in which food 
was rather scarce and energy expenditure was high, mostly related to occupational physical activity. 
Such an environment leads to “leptogenic” behaviors in which the variability of BMI will be dependent 
on individuals’ genetic propensity to weight gain. On the right part of the figure, the modern “social” 
and “built” environment, characterized by plenty of cheap high-calorie density food and little need for 
physical activity, leads to “obesogenic” behaviors. Similarly, the variability in BMI will also depend 
on the genetic propensity to weight gain of individuals. Compared with the “leptogenic” environment, 
the distribution of BMI will have a higher mean and higher standard deviation. Such a paradigm can 
be applied to populations with similar genetic backgrounds living in drastically different environments 
like the Pima Indians in Arizona and in Mexico.
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ing the regulation of energy expenditure are 
discussed.

Energy Balance Equations

The balance between energy intake (dietary 
calories consumed) and energy expenditure 
(calories burned) determines energy stores 
(and body weight) (Figure 3.2). Since living 
organisms must obey the first law of ther-
modynamics, energy balance equations are 
used to predict changes in body weight when 
energy intake or expenditure is changed. The 
classic equation of energy balance, which 
states that energy stored by the body is equal 
to energy intake minus energy expenditure, 
has provided new insight and confusion in 
the understanding of energy balance in hu-

mans. Indeed, much of the confusion comes 
from inappropriate energy calculations 
using the static equation of energy balance.

Equations during Weight Maintenance
In order to achieve weight maintenance (sta-
bility), both of the following equations must 
be true:

energy intake = energy expenditure (3.1)

Macronutrient intake  (3.2) 
 (protein, carbohydrate, fat) =  
Macronutrient oxidation  
 (protein, carbohydrate, fat)

These equations are quite accurate under 
conditions of weight maintenance, as only 

FIGURE 3.2. The daily energy and nutrient balance of a 70-kg man (20% body fat) in relationship 
to macronutrient energy stores, intake, and oxidation. Each macronutrient intake and oxidation on a 
2,500 kcal/day standard American diet (i.e., 40% fat, 40% carbohydrate, and 20% protein) is shown 
on the left as absolute intake in kilocalories and on the right as a percentage of its respective nutri-
ent body store. Because carbohydrate, protein, and alcohol intakes and oxidation rates are tightly 
regulated on a daily basis, any inherent differences between energy intake and energy expenditure 
predominantly impact body fat stores. During overfeeding, the oxidation of carbohydrate and protein 
is increased to compensate for the increased intake at the expense of fat intake, yet the increase in oxi-
dation is not equally coupled with intake. Thus, if sustained fat kilocalories are stored, fat stores will 
expand and body weight will increase.
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limited changes in body composition are 
possible without changing body weight. 
These simple weight maintenance equations 
have been most useful in uncovering prob-
lems with reported energy intake.

Most dietary intake studies show either 
no correlation or a negative correlation 
between energy intake and body weight 
(Heymsfield et al., 1995). This finding is in 
marked contrast to the findings in studies of 
energy expenditure, which show a positive 
relationship between the two. In addition 
to their greater fat mass, obese individuals 
have a greater fat-free mass (FFM), which is 
the main determinant of both basal (resting) 
metabolic rate (BMR) and 24-hour metabol-
ic rate as measured in a respiratory cham-
ber (Ravussin, Lillioja, Anderson, Christin, 
& Bogardus, 1986). Studies involving free-
living individuals have simultaneously mea-
sured energy expenditure via the doubly la-
beled water technique and energy intake via 
continuous recording of diet diaries (Mertz 
et al., 1991). Under these careful conditions 
of food intake assessment, obese individuals 
reported only 50–67% of their total energy 
intake; by contrast, lean individuals reported 
80–100%. This gap between the food that 
people who are obese perceive themselves 
to eat and what they actually eat has been 
termed the eye–mouth gap. It represents a 
major challenge for psychologists interested 
in obesity and food intake behaviors.

Static Energy Balance Equation
During energy imbalance, the most common 
equation used by scientists in the calculation 
of energy balance is

change in energy stores =  (3.3)  
energy intake – energy expenditure

However, Alpert (1990) elegantly demon-
strated that this equation is inadequate for 
calculating the energy needs of living organ-
isms, because it does not take into account 
the increasing energy expenditure with in-
creasing weight or the reverse during weight 
loss (Jequier & Schutz, 1983; Ravussin et 
al., 1986). Thus, a small initial increase in 
energy intake sustained over a number of 
years cannot lead to a large weight gain, as 
is often claimed. Therefore, a more dynamic 

equation is necessary to capture time-depen-
dent factors related to weight gain.

Dynamic Energy Balance Equation
Indeed, the most valid equation to use is dy-
namic and states that

rate of change of energy stores =  (3.4) 
rate of energy intake –  
rate of energy expenditure

The use of rates in this equation intro-
duces time dependency, thereby allowing the 
effect of changing energy stores (especially 
FFM and weight) on energy expenditure to 
enter into the calculation (Alpert, 1990). 
This explains why a small initial positive 
energy balance (e.g., from an increased en-
ergy intake or a decrease in physical activity) 
will not lead to large weight increases over a 
number of years. After a period of positive 
energy balance, the energy stores (fat mass 
and FFM) will increase and cause an increase 
in energy expenditure, which will balance 
the increased energy intake. The individual 
will then, once again, be in energy balance, 
but with a higher energy intake, higher en-
ergy expenditure, and higher energy stores. 
Weight gain can therefore be viewed not 
only as the consequence of an initial positive 
energy balance but also as the mechanism by 
which energy balance is eventually restored. 
Importantly, the “3,500 kilocalories (kcal) 
per pound” rule, a static weight loss con-
cept that states that cutting food intake by 
3,500 kcal results in 1 pound of weight loss, 
has recently been challenged (Thomas et al., 
2013). Indeed, the 3,500 kcal per pound 
concept ignores dynamic physiological ad-
aptations that occur as a result of altered 
body weight (Leibel, Rosenbaum, & Hirsch, 
1995); specifically, both resting metabolic 
rate (RMR) and the energy cost of physical 
activity decrease in response to weight loss, 
thus resisting further weight loss. A more ac-
curate assessment of the amount and time 
course of predicted weight change is very 
valuable (Hall et al., 2011; Thomas et al., 
2013). Furthermore, a more dynamic model 
has postulated that every permanent change 
of energy intake of 100 kilojoules (kJ) per 
day will lead to an eventual weight change 
of about 1 kg (equivalently, 10 kcal/day per 
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pound of weight change), and that it will 
take about 1 year to achieve half of the total 
weight change and 3 years to achieve 95% 
of the total weight change (Hall et al., 2011).

How is intake balanced against expen-
diture, and how might a chronic mismatch 
between the two occur? A fruitful approach 
to these questions has been to dissect the en-
ergy balance equation into its various mac-
ronutrients.

Substrate Balance

If the origins of a positive energy balance lie 
in the chronic imbalance of energy intake 
and expenditure, an appropriate question is: 
“What conditions allow a long-lasting im-
balance between intake and expenditure?” 
An examination of each nutrient balance 
equation to determine whether a chronic im-
balance between nutrient intake and oxida-
tion exists is only valid if each macronutrient 
has a separate balance equation, implying 
separate regulation (Figure 3.2). In practical 
terms, is each macronutrient either oxidized 
or stored in its own compartment (separate 
regulation), or does it get converted into 
another compartment for storage? This 
question applies particularly to the issue of 
whether dietary carbohydrate is stored as fat 
(de novo lipogenesis). In contrast to animals, 
de novo lipogenesis is very limited in hu-
mans and occurs only when large excesses of 
carbohydrate are ingested (Acheson, Schutz, 
Bessard, Flatt, & Jequier, 1987; Acheson 
et al., 1988). Because de novo lipogenesis 
is quite negligible in humans under physi-
ological conditions, it seems reasonable to 
consider each nutrient balance equation as a 
separate entity.

Protein Balance
Protein intake usually accounts for about 
15% of daily consumed calories, and the 
protein stores in the body represent ap-
proximately one-third of the total calories 
in a man weighing 70 kg. The daily pro-
tein intake amounts to a little over 1% of 
the total protein stores (Bray, 1991; Snyder 
et al., 1975) (Figure 3.2). The protein stores 
increase in size in response to such growth 
stimuli as growth hormone, androgens, 

physical training, and weight gain, but have 
been thought to not increase simply from 
increased dietary protein. Protein stores are 
thus thought to be tightly controlled; protein 
balance is achieved on a day-to-day basis 
(Abbott et al., 1988). Nonetheless, a recent 
study did demonstrate that 8 weeks of pro-
tein overfeeding (25%) resulted in increased 
body protein (lean body mass) of 3.18 kg 
(Bray et al., 2012). Although protein imbal-
ance cannot be implicated with certainty as 
a direct cause of obesity, protein intake may 
affect the fat balance equation (Snyder et al., 
1975).

Carbohydrate Balance
Carbohydrate is usually the main source 
of dietary calories, yet the body stores of 
glycogen are very limited: 500–1,000 g on 
average (Acheson et al., 1988). Daily intake 
of carbohydrate corresponds to about 50–
100% of the carbohydrate stores, compared 
to about 1% for protein or fat (Schutz, Flatt, 
& Jequier, 1989) (Figure 3.2); therefore, 
over a period of hours and days, the carbo-
hydrate stores fluctuate markedly compared 
to those of protein and fat. However, as 
with protein stores, carbohydrate stores are 
tightly controlled (Rising, Keys, Ravussin, 
& Bogardus, 1992). Whether this control 
is based on humoral and/or nervous signals 
exchanged between the muscle and liver and 
the brain remains to be established. Dietary 
carbohydrate stimulates both glycogen stor-
age and glucose oxidation and suppresses 
fat oxidation (Flatt, Ravussin, Acheson, & 
Jequier, 1985). That which is not stored as 
glycogen is oxidized (not converted to fat), 
and carbohydrate balance is achieved (Ab-
bott et al., 1988; Flatt et al., 1985). There-
fore, as with the other nonfat nutrients, a 
chronic imbalance between carbohydrate 
intake and oxidation cannot be the basis of 
weight gain. Storage capacity is limited and 
controlled; conversion to fat is an option 
that occurs only under extreme conditions 
in humans.

Fat Balance
In marked contrast to the other nutrients, 
body fat stores are large, and fat intake has 
very little influence on fat oxidation (Flatt et 
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al., 1985; Schutz et al., 1989). As with pro-
tein, the daily fat intake represents less than 
1% of the total energy stored as fat, but the 
fat stores contain about six times the energy 
of the protein stores (Bray, 1991) (Figure 
3.2). These fat stores are the energy buffer 
for the body, and the slope of the relation-
ship between energy balance and fat balance 
is almost 1 in conditions of day-to-day small 
positive or negative energy balances (Abbott 
et al., 1988). A deficit of 200 kcal of energy 
over 24 hours means that 200 kcal must come 
from fat stores, whereas an excess of 200 kcal 
of energy means that 200 kcal are deposited 
in fat stores. Even in conditions of spontane-
ous overfeeding, the entire excess fat intake 
is stored as body fat (Rising, Alger, et al., 
1992). Ingestion of a mixed meal is followed 
by an increase in carbohydrate oxidation and 
a decrease in fat oxidation, and the addition 
of extra fat does not alter the mix of nutri-
ent oxidation (Flatt et al., 1985; Schutz et al., 
1989). What does promote fat oxidation, if 
it is not dietary fat intake? The amount of 
total body fat exerts a small but significant 
effect on fat oxidation. Therefore, progres-
sive increase in body fat levels may represent 
a mechanism for the attenuation of the rate 
of fat storage and, thus, weight gain (Zurlo, 
Larson, et al., 1990). Energy balance is the 
driving force for fat oxidation (Abbott et al., 
1988; Zurlo, Lillioja, et al., 1990); when it 
is negative (i.e., energy expenditure exceed-
ing intake), fat oxidation increases. Indeed, 
a recent study of obese adults showed that 
selectively reducing dietary fat compared to 
carbohydrate for 6 days in an isocaloric set-
ting resulted in significant increases in fat 
oxidation following carbohydrate restric-
tion, where fat oxidation by fat restriction 
was unchanged yet resulted in significantly 
greater body fat loss than carbohydrate re-
striction (Hall et al., 2015).

In summary, when one considers energy 
balance in humans under physiological con-
ditions, fat is the only nutrient that main-
tains a chronic imbalance between intake 
and oxidation, thus directly contributing 
to the increase in adipose mass. The other 
nutrients will indirectly influence adiposity 
by their contribution to overall energy bal-
ance, and thus to fat balance, as emphasized 
by Frayn (1995). The use of the fat balance 
equation instead of the energy balance equa-

tion offers a new framework for understand-
ing the pathogenesis of obesity.

Alcohol Balance
There is an inconsistent relationship between 
reported alcohol intake and body mass 
index, with many studies showing a negative 
relationship (Sayon-Orea, Martinez-Gonza-
lez, & Bes-Rastrollo, 2011). However, it has 
been shown that in healthy individuals, the 
fate of ingested alcohol is oxidation and not 
storage (as fat). Thus, perfect alcohol bal-
ance is achieved (Shelmet et al., 1988) in 
a matter of hours. In the same manner as 
dietary carbohydrate and protein, alcohol 
diverts dietary fat away from oxidation and 
toward storage and inhibits lipolysis. There-
fore, alcohol contributes to overall energy 
balance by indirectly impacting fat balance.

Methods of Measuring 
Energy Expenditure

Several methods have been developed to 
measure daily energy expenditure in hu-
mans. The most accurate methods involve 
continuous measurement of heat output (di-
rect calorimetry) or gas exchange (indirect 
calorimetry) in individuals confined to small 
metabolic chambers. Confined individuals, 
however, are unable to pursue habitual ac-
tivities, and hence several field methods have 
been developed to measure energy expendi-
ture in free-living conditions. These include 
doubly labeled water, self-reports, and por-
table monitors.

Direct Calorimetry
Heat, water, and carbon dioxide are the ul-
timate fate of all the body’s metabolic pro-
cesses, and energy expenditure, therefore, 
can be measured directly as total heat loss. 
First described in the late 1800s by Zuntz 
and Hagerman, direct calorimetry involves 
placing an individual in a small, insulated 
chamber in which all the heat released in the 
form of dry heat (radiation and convection 
heat losses, ~80%) or evaporative heat (from 
the evaporation of water from the skin and 
lungs, ~20%) is measured. This method has 
been applied to various animal and human 
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studies, but has become largely obsolete be-
cause these studies are expensive to conduct 
and require individuals to be confined in a 
very small room.

Indirect Calorimetry
The term indirect calorimetry arises from 
the premise that heat released from the meta-
bolic processes in the body can be indirectly 
measured from oxygen consumption. Under 
normal physiological conditions, neither 
oxygen nor carbon dioxide is stored within 
the body; therefore, an indirect method of 
assessing energy expenditure is to measure 
oxygen consumption, carbon dioxide pro-
duction, and nitrogen excretion. Indirect 
calorimetry has proved useful for the study 
of energy expenditure and/or substrate oxi-
dation in normal and diseased states and can 
be measured using open-circuit or closed-
circuit systems.

Importantly, open-circuit indirect calo-
rimetry provides a relatively simple way to 
measure oxygen consumption at rest and 
during exercise. It is typically performed 
using a mouthpiece, mask, or canopy taking 
measurements of oxygen and carbon dioxide 
percentages in the inspired and expired air. 
During the last three decades, the indirect 
calorimetry method has been applied to re-
spiratory (or metabolic) chambers. These are 
rooms large enough (12,000–40,000 liters) 
for an individual to live comfortably for up 
to several days. The measurements from the 
chamber are accurate and are now used ex-
tensively to assess the determinants of daily 
sedentary energy expenditure in humans. 
Respiratory chambers enable us to measure 
the different components of energy expendi-
ture, including the sleeping metabolic rate, 
the energy cost of arousal, the thermic ef-
fect of food (TEF), and the energy cost of 
spontaneous physical activity (SPA) (Figure 
3.3). The only disadvantage is the confine-
ment of the subjects in a relatively small 
room, which reduces energy expenditure 
from physical activity. With an average coef-
ficient of variation (CV) of 1–3% (Donahoo, 
Levine, & Melanson, 2004), respiratory 
chambers are used as the gold standard to 
validate newer methods of measuring energy 
expenditure, such as doubly labeled water 

(Ravussin, Harper, Rising, & Bogardus, 
1991; Schoeller et al., 1986).

Doubly Labeled Water
Developed by Lifson, the doubly labeled 
water (DLW) method is a form of “indi-
rect” calorimetry (Lifson, 1966). It is based 
on the differential elimination of two non-
radioactive isotopes, deuterium (2H) and 

FIGURE 3.3. Total daily energy expenditure is 
comprised of three major physiological compart-
ments: (1) basal metabolic rate (BMR) (60–70%) 
includes the energy cost required to maintain the 
integrated systems of the body and homeostatic 
temperature at rest, and can be divided into sleep-
ing metabolic rate (SMR) and the energy cost of 
arousal; (2) thermic effect of food (TEF) (10%) 
is the increase in energy cost associated with 
the digestion, absorption, and storage of food; 
and (3) activity thermogenesis (20–30%) is the 
energy expended during volitional (structured 
exercise) and nonvolitional activities. The latter 
is termed spontaneous physical activity (SPA) or 
nonexercise activity thermogenesis (NEAT). This 
includes the energy cost of sitting, maintaining 
posture, fidgeting, shopping, etc. Total daily en-
ergy expenditure and its components can be mea-
sured in free-living conditions using the doubly 
labeled water (D2

18O Water) method. The left 
panel indicates the measurement of daily energy 
expenditure for 24 hours in an indirect room 
calorimeter and the right panel depicts the total 
daily energy expenditure measured over 7–10 
days using the doubly labeled water method in 
free-living conditions.
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18oxygen (18O), from body water following a 
single oral dose of the two isotopes. Oxygen 
tagged with the 18O tracer will equilibrate 
not only in body water but also in circulat-
ing bicarbonate and expired carbon dioxide. 
Over time, the 18O tracer in body water will 
decrease as CO2 is expired and water is lost 
in respiration, perspiration, and urine. The 
hydrogen molecule tagged with the 2H tracer 
will distribute only in the circulating water 
and bicarbonate, and over time will decrease 
as water is lost. The elimination rates of the 
two isotopes from the body are measured by 
isotope ratio mass spectroscopy in blood, 
saliva, or most commonly urine. The dif-
ference between the elimination rates (18O 
– 2H) of the two isotopes therefore provides 
a measure of carbon dioxide production 
from which total daily energy expenditure 
(TDEE) can be calculated from classical in-
direct calorimetry equations (Schoeller et 
al., 1986). The major advantage of the DLW 
method is that it provides an integrated 
measure of total carbon dioxide production 
over periods of 1–2 weeks, yet requires only 
periodic sampling of blood, saliva, or most 
commonly, urine, for measurements of 2H 
and 18O enrichments. Importantly, the DLW 
method allows individuals to be studied in 
the free-living state without being influenced 
or limited in their activity by wearing cum-
bersome monitors. The DLW technique has 
been validated repeatedly with excellent ac-
curacy (1–3%) and precision (3–8%) against 
the gold standard indirect calorimetry (Ra-
vussin et al., 1991; Schoeller et al., 1986).

In conjunction with other determinations 
of resting energy expenditure using indirect 
calorimetry, DLW is the best and most ac-
curate way of assessing the energy cost of 
physical activity in humans. The major 
drawbacks of the method are the high costs 
of the 18O isotope for large clinical trials, 
the mass spectrometer necessary to deter-
mine the isotopic enrichments of 2H and 
18O, and the inability to quantify substrate 
oxidation.

Questionnaires and Activity Logs
An individual’s habitual and occupational 
physical activity can also be captured with 
the use of activity diaries, questionnaires, 

interviews, or time and motion studies, 
with the energy cost of the activities esti-
mated from energy expenditure tables. This 
method is called the factorial method. The 
energy cost of each activity is then estimated 
from energy-equivalent tables and multi-
plied by the time spent in any given activity. 
This method, therefore, is extremely time-
consuming for individuals and investigators. 
Substantial variability with the technique 
has been reported, which is due to poor and 
inaccurate recall by individuals, as well as 
to the availability of numerous energy coef-
ficients that can be applied to determine the 
energy cost of the activities.

Portable Devices with the Future 
of Smart Devices
Pedometers and accelerometers are devices 
worn by an individual to quantify move-
ment. Pedometers assess displacement of 
the body with a single stride, and the output 
represents steps taken or steps/day. Because 
they are relatively cheap, pedometers are 
commonly used by individuals, researchers, 
and practitioners to monitor physical activ-
ity. Accelerometers, on the other hand, are 
devices that detect body displacement in 
terms of acceleration. Accelerometers can 
assess movements via piezoelectric sensors 
in a single plane, usually vertical (uniaxial 
accelerometer), or within three planes, an-
terior–posterior, medio–lateral, and vertical 
(triaxial accelerometer). Accelerometers are 
worn on the wrist or more commonly on the 
hip or waist. They capture the duration and 
intensity of activities and can provide data 
storage for a number of days, which can be 
downloaded directly to a computer (Wester-
terp & Plasqui, 2004). The triaxial devices 
tend to provide the best precision and cor-
relation with activity energy expenditure 
measured by indirect calorimetry and dou-
bly labelled water (Bonomi, Goris, Yin, & 
Westerterp, 2009). With the inability of the 
free-living assessments of energy expendi-
ture to differentiate between the type, inten-
sity, and duration of activities, several labo-
ratories have begun to incorporate the use 
of multiple accelerometers on various body 
parts (Foerster & Fahrenberg, 2000; Levine 
et al., 2005). These studies have proven that 
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multiple accelerometers can quantify vary-
ing activities and posture allocations.

Components of Energy Expenditure 
and Their Relevance to Human Obesity

TDEE varies substantially in humans (Black, 
Coward, Cole, & Prentice, 1996), such that 
two adults of the same size could have an 
EE that varies by 1,500 kcal/day. The larg-
est determinants of TDEE are weight (spe-
cifically FFM and fat mass), height, age, 
and sex (Black et al., 1996). Whereas both 
height and weight are positively associated 
with higher TDEE, older age is negatively 
associated with TDEE in adults. Across all 
ages, TDEE is approximately 11% higher in 
males, after adjustments for body size (Black 
et al., 1996). With the increasing prevalence 
of obesity, understanding the inherent inter-
individual variation in TDEE is important. 
The variability in daily energy requirements 
is related to the variability in the energy ex-
pended in its three major components: (1) 
BMR, (2) TEF (or diet-induced thermogen-
esis), and (3) the energy cost of physical ac-
tivity (or activity thermogenesis, including 
both exercise and nonexercise components) 
(Figure 3.3).

Further contributing to an individual’s 
overall metabolic rate are the specific indi-
vidual metabolic rates of major organs and 
tissues. Indeed, differences in organ and tis-
sue mass contribute to differences in resting 
energy expenditure between underweight, 
overweight, and obese individuals (Bosy-
Westphal et al., 2014). Studies also have 
reported distinct trends for reduced specific 
organ and tissue metabolic rates and, thus, 
lower resting energy expenditures at identi-
cal organ masses. This has been observed in 
both obese versus lean individuals and older 
versus younger individuals, an effect that 
can be explained by either lower cellular-
ity or lower specific metabolic rates of the 
respective organs and tissues (Wang et al., 
2010, 2012).

Basal Metabolic Rate
The BMR is the energy expended by an 
individual who is resting, yet awake and 
fasted, in comfortable ambient conditions. 

Under standard conditions, BMR is mea-
sured using the ventilated hood technique 
while the participant is awake and resting 
in a thermo-neutral environment (i.e., tem-
peratures between 28° and 33° C) following 
an 8- to 12-hour fast and at least 12 hours 
of abstinence from exercise, smoking, and 
caffeine. BMR accounts for approximately 
60–70% of daily energy expenditure in sed-
entary adults (Ravussin et al., 1986) and is 
therefore the largest component of TDEE. 
There is a close relationship between BMR 
and body size, and this association has led to 
the development of widely used equations to 
predict BMR from height and weight, based 
on the classical Harris and Benedict equa-
tion proposed in 1919 (Harris & Benedict, 
1919), the Schofield equation in 1985 (Scho-
field, 1985), and many others (e.g., Cun-
ningham, 1991; Mifflin et al., 1990). Up 
to three-quarters of the variance in BMR is 
determined by FFM (Bogardus et al., 1986; 
Tataranni & Ravussin, 1995) and to a lesser 
extent by fat mass, sex, and age. Together, 
these four components explain 80–85% of 
the interindividual variance in BMR (Bog-
ardus et al., 1986; Tataranni & Ravussin, 
1995). Interestingly, 11% of the remaining 
variance can be further explained by fam-
ily membership; therefore, we know that ge-
netic factors also influence the variability in 
BMR (Bogardus et al., 1986). It is important 
to mention that FFM is not metabolically 
uniform, since it is composed of different 
tissue and organs, and thus will have tissue 
or organ-specific metabolic rates contribut-
ing to further variability in measured BMR 
(Elia, 1992; Muller et al., 2011).

Interestingly, BMR adjusted for differ-
ences in FFM, fat mass, and age is related 
to the variability in body temperature (Ris-
ing, Keys, et al., 1992). Such results indicate 
that body temperature could be a marker for 
a high or low relative metabolic rate. Some 
of the variability in BMR has also been 
shown to be related to variability in muscle 
sympathetic nerve activity (Spraul et al., 
1993). Resting skeletal muscle metabolism 
also seems to be a significant determinant 
of whole-body metabolism (Zurlo, Larson, 
Bogardus, & Ravussin, 1990), and studies 
suggest that uncoupling protein 3 (UCP3) 
expression (Schrauwen, Xia, Bogardus, 
Pratley, & Ravussin, 1999) and uncoupling 
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protein 2 (UCP2) polymorphisms (Kovacs 
et al., 2005) appear to underlie some of this 
variability.

Thermic Effect of Food
TEF is the increase in energy expenditure 
associated with the chewing, digestion, ab-
sorption, and storage of food in response to 
a single meal. By contrast, diet-induced ther-
mogenesis (DIT) is the increase in energy ex-
penditure not accounted for by the increase 
in body weight after days or weeks of over-
feeding. TEF and DIT are often confused 
in the literature. The TEF is the smallest 
component of daily energy expenditure, ac-
counting for approximately 5–15% of TDEE 
(Donahoo et al., 2004; Tataranni, Larson, 
Snitker, & Ravussin, 1995). The TEF is, 
however, the most difficult and least repro-
ducible component of energy expenditure to 
measure, and therefore its role in the etiol-
ogy of obesity is controversial. In contrast 
to BMR with a CV of 3–8%, the CV of TEF 
measured with indirect calorimetry is typi-
cally around 20% (Tataranni et al., 1995). 
The measurement of TEF is performed in re-
sponse to a test meal, either continuously or 
intermittently for 3–6 hours, under similar 
conditions as BMR. A comprehensive review 
of 49 studies comparing TEF in lean versus 
obese individuals reported that obesity was 
associated with an impaired TEF and was 
related to the degree of insulin resistance (de 
Jonge & Bray, 1997). However, Granata and 
Brandon (2002) identified substantial short-
comings in the methods used to calculate 
TEF, questioning the role of low TEF in the 
development of obesity.

The measurement of TEF is influenced 
by a myriad of factors, including meal size 
and delivery, nutrient composition (pro-
tein exerts higher TEF), palatability of the 
meal, and meal frequency, as well as an in-
dividual’s genetic background, age, physical 
activity, and sensitivity to insulin (de Jonge 
& Bray, 1997; Granata & Brandon, 2002). 
Importantly, prospective studies have not 
identified a relationship between TEF and 
weight change (Tataranni et al., 1995). Fur-
thermore, TEF recently has been shown to 
increase significantly with higher dietary 
protein intake, yet no differences in metabol-
ic adaptation across levels of dietary protein 

were observed (Sutton, Bray, Burton, Smith, 
& Redman, 2016). It is safe to say that a de-
crease in TEF amounts to only a small num-
ber of calories and, therefore, is very unlikely 
to explain significant degrees of obesity.

In distinction to the TEF (energy expen-
diture increase in response to a single meal), 
DIT is the cumulative response to prolonged 
overfeeding. In classical studies conducted 
more than 3 decades ago, Rothwell and 
Stock (1979) reported that overfeeding re-
sulted in less weight gain than anticipated. 
The fact that the predicted weight gain was 
observed when animals were given propran-
olol suggested that the activation of the sym-
pathetic system was the mediator of the DIT, 
in concert with an increase in brown adi-
pose tissue (BAT) mass. Over the past few 
years, it has been debated whether BAT can 
be stimulated in humans to induce a larger 
DIT and can therefore be involved in the re-
sistance to weight gain in some individuals. 
However, our recent data in humans seem 
to indicate that unlike cold-induced thermo-
genesis (CIT), DIT is probably not mediated 
by BAT in humans (Peterson et al., 2016). 
Additionally, we recently found that BAT 
did not mediate metabolic adaptation fol-
lowing 8 weeks of overfeeding in men, and 
BAT activity did not correlate with metabol-
ic adaptation or with body weight (Peterson 
et al., 2017).

Activity Thermogenesis
Activity thermogenesis, defined as body 
movement produced by skeletal muscle, is 
the most variable component of TDEE. It 
comprises two distinct types of energy ex-
penditure: (1) the energy expended during 
exercise or structured physical activity (nor-
mally planned activities); and (2) the energy 
expended in all other nonexercise activities 
(normally unplanned activities). The latter 
activity, originally described as SPA (Ra-
vussin et al., 1986) and subsequently called 
nonexercise activity thermogenesis (NEAT; 
Levine, Eberhardt, & Jensen, 1999), in-
cludes activities such as the energy cost of 
sitting, standing, maintaining posture, talk-
ing, fidgeting, and performing leisure activi-
ties such as playing guitar, shopping, etc.

Activity thermogenesis can account for a 
significant number of calories in very active 
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people. However, sedentary adult individu-
als exhibit a range of physical activity, which 
represents only 20–30% of total energy ex-
penditure. Therefore, the hypothesis that 
reduced physical activity is the cause of the 
worldwide obesity epidemic is an obvious 
and attractive one. Nonetheless, the amount 
of structured physical activity has remained 
relatively stable over the years, thereby leav-
ing occupational physical activity to have 
even greater potential to impact energy bal-
ance. Indeed, physical activity energy expen-
diture, as examined in one European study, 
demonstrated no significant decline over a 
similar time period of increased obesity, sup-
porting the argument that reduced energy 
expenditure due to lower physical activity 
expenditure is unlikely to have fueled the 
obesity epidemic (Westerterp & Speakman, 
2008).

Indeed, for the vast majority of people liv-
ing in developed countries, exercise-related 
activity thermogenesis is becoming negli-
gible (with the exception of devoted exer-
cisers). Therefore, for most people NEAT 
is the predominant component of activity 
thermogenesis. Furthermore, NEAT is the 
most variable component of TDEE, varying 
by 200 kcal/day (Levine, 2007) and may, 
therefore, be a determinant of body weight 
control.

Some of the most carefully controlled 
studies examining the role of NEAT in 
weight gain have been performed by Levine 
and colleagues, who found that resistance to 
the development of obesity may be related to 
the ability of individuals to increase NEAT 
(Levine et al., 1999; Levine, 2007). In re-
sponse to overfeeding (1,000 kcal/day), par-
ticipants who were able to increase NEAT 
gained the least fat mass, whereas changes 
in BMR and TEF did not predict changes in 
fat gain (Levine et al., 1999). In a follow-
up study, Levine et al. (2005) attempted to 
identify whether there was a defect in NEAT 
in obese individuals. Using an integrated 
system of microsensors in undergarments 
to assess body posture and movements for 
10 days, they found that obese individuals 
remained seated 2.5 hours longer than lean 
individuals, equivalent to an energy surplus 
of approximately 350 kcal/day. Next, they 
examined whether weight loss in the obese 
participants and weight gain in the lean 

would reverse this usual pattern of pos-
ture allocation. Similar to previous studies 
(e.g., Zurlo et al., 1992), they showed that 
both the lean and obese groups maintained 
their original posture allocation, suggesting 
that some of the interindividual variation 
in NEAT is probably explained by genetic 
factors (Levine et al., 2005). Taken together, 
these studies suggest that NEAT in our daily 
environment may be significant but is un-
likely to be a real target for managing weight 
control.

Normalizing Energy Expenditure Data 
in Humans According to Body Size
Regardless of the technique used to mea-
sure daily energy expenditure, adjustment 
for metabolic body size is essential for valid 
interpretation of the data. Traditionally, in-
vestigators have used the ratio method and 
simply divided energy expenditure by the 
amount of metabolic mass (body weight, 
FFM of surface area), which leads to er-
roneous results (Goran, 2005; Ravussin & 
Bogardus, 1989) because this method fails 
to take into account the non-zero intercept 
in the relationship between energy expendi-
ture and metabolic mass. As a consequence, 
the adjusted metabolic rate is artificially 
increased as the FFM decreases. An alter-
native and more valid approach is a regres-
sion-based approach that derives prediction 
equations from simple available measures 
(FFM, fat mass [FM], sex, and age) to de-
termine size-adjusted energy expenditure 
(Goran, 2005; Ravussin & Bogardus, 1989). 
As one would expect, the method chosen for 
normalization of metabolic size is particu-
larly crucial when assessing the effects of an 
intervention (weight loss, drug intervention, 
etc.) on energy expenditure.

Metabolic Risk Factors for Body 
Weight Gain

Cross-sectional studies that compare lean 
and obese individuals have not added as 
much as longitudinal studies to our under-
standing of the physiological mechanisms 
predisposing individuals to weight gain 
(Ravussin & Swinburn, 1996). An under-
standing of the etiology of human obesity 
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demands longitudinal studies to reveal pre-
dictors or risk factors. Several studies have 
prospectively examined these predictors 
in the Pima Indian population in Arizona, 
a population in which obesity is extremely 
prevalent (Knowler et al., 1991) and, there-
fore, weight gain is common in young adults. 
Indeed, the Pimas are one of the most obese 
populations in the world, with the high-
est reported prevalence of type 2 diabetes 
(Knowler et al., 1991). As such, they pro-
vided opportunities to examine predictors 
of weight gain. In these individuals at least 
six metabolic parameters have been found to 
be associated with (and probably predictive 
of) weight gain. In particular, low metabolic 
rate, low activity thermogenesis, low sym-
pathetic nervous system (SNS) activity, and 
low fat oxidation are related to energy ex-
penditure and relevant to understanding the 
etiology of obesity.

Low Metabolic Rate
Obesity is associated with a high abso-
lute metabolic rate, both in resting condi-
tions and over 24 hours (Ravussin et al., 
1986). Whether a low energy metabolism 
is involved or not in the propensity to gain 
weight is, however, still controversial (Flatt, 
2007). One of the reasons for this controver-
sy may be related to the way that energy ex-
penditure is compared in people of different 
body sizes. It is obvious that BMR is higher 
in obese individuals in absolute terms, but 
when adjusted for differences in body size 
(i.e., BMR divided by body weight, surface 
area, FFM, or even adjusted for body size by 
multiple regression analysis), the results are 
not always clear. Indeed, there is wide vari-
ability in the association between metabolic 
rate and body size, such that two individuals 
with the same FFM and FM can still differ 
in metabolic rate by up to 500 kcal/day (Ra-
vussin, 1993).

In 126 adult nondiabetic Pima Indians, 
body composition and metabolic rate (mea-
sured with a ventilated hood) were assessed 
at baseline and follow-up 4 years later, on 
average (Ravussin et al., 1988). Using an ar-
bitrary definition of weight gain of 10 kg, 
subjects were divided retrospectively into 
gainers and non-gainers. Despite the gainers 
and non-gainers having similar body compo-

sition at baseline, the gainers had metabolic 
rates that were 100 kcal/day lower than the 
non-gainers, suggesting that a low “relative” 
metabolic rate predicts weight gain. This 
possibility was further supported by tertile 
analysis in the whole group, demonstrat-
ing that the risk of weight gain at follow-
up was approximately seven times greater 
in subjects with the lowest metabolic rate 
compared to those with the highest meta-
bolic rate (Ravussin et al., 1988). In another 
group of 95 Pima Indians in whom 24-hour 
energy expenditure was measured in a meta-
bolic chamber, 24-hour energy expenditure 
adjusted for body size, age, and sex cor-
related negatively with the change in body 
weight and rate of change in body weight 2 
years later (Ravussin et al., 1988), a relation-
ship that was not found in all other popu-
lations (Katzmarzyk, Perusse, Tremblay, & 
Bouchard, 2000).

Taken together, the results demonstrate 
that low rates of energy expenditure (adjust-
ed for body size, age, and sex) are significant 
predictors of weight gain, at least in a popu-
lation prone to obesity. Most interestingly, 
in response to weight gain, the mean adjust-
ed metabolic rate of individuals who gained 
weight became similar to the mean adjusted 
metabolic rate of individuals who remained 
weight-stable. This finding implies that 
weight gain may be a compensatory mecha-
nism that results in an increased rate of en-
ergy expenditure, engaging a mechanism of 
resistance to further weight gain. This meta-
bolic adaptation, defined as a greater than 
predicted increase in energy expenditure 
beyond changes in FM and FFM, is highly 
variable between individuals and occurs in 
both lean and obese individuals. Similarly, a 
reduction in energy expenditure in response 
to weight loss can counteract further weight 
loss or even predispose to weight regain (Jo-
hanssen et al., 2012). Specifically, individu-
als who participated in a nationally televised 
weight loss competition (The Biggest Loser), 
which consisted of an intensive exercise pro-
gram in combination with calorie restric-
tion, exhibited dramatic slowing of resting 
metabolism out of proportion with weight 
loss (i.e., metabolic adaptation), despite rela-
tive preservation of FFM (Johanssen et al., 
2012). Surprisingly, such metabolic adapta-
tion persisted 6 years after the initial weight 
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loss (~500 kcal/day lower than expected) 
(Fothergill et al., 2016). Indeed, metabolic 
adaptation is thought to counter weight loss 
and contribute to weight regain and energy 
restabilization (Rosenbaum & Leibel, 2010).

Importantly, a low metabolic rate ex-
plains a relatively low percentage of the 
variance in weight gain, and therefore other 
factors such as excessive energy intake and 
reduced activity levels are likely culprits 
(Tataranni et al., 2003). The recent report 
that greater decreases in energy expendi-
ture during caloric restriction predicted less 
weight loss in subsequent weight reduction 
attempts confirms the presence of “thrifty” 
and “spendthrift” phenotypes in obese hu-
mans and their role in weight control (Rein-
hardt et al., 2015). Interestingly, one study 
found that energy expenditure responses 
to both fasting and overfeeding conditions 
within individuals are correlated, and that 
it is not so much a response to calorie re-
striction but, rather, the response to protein 
restriction that defines the thrifty phenotype 
(Schlögl et al., 2015). Another study (Bray et 
al., 2012) demonstrated the critical role of 
protein and how metabolism responds to an 
imposed (and presumably restricted) calorie 
load. Specifically, with respect to increases 
in body fat, calories were found to be more 
important than protein when consuming ex-
cess amounts of energy (Bray et al., 2012).

Low Activity Thermogenesis
The energy cost of exercise and NEAT ac-
counts for 10–20% of TDEE. The most 
variable component of activity thermogen-
esis is NEAT, also known as SPA (Zurlo et 
al., 1992). Using whole-room calorimetry, 
longitudinal studies in the Pima Indians 
demonstrated that SPA, defined as the per-
centage of time that subjects were active 
in the chamber, accounted for a significant 
portion of 24-hour energy expenditure in 
males and females (Zurlo et al., 1992). Fif-
ty-seven percent of the variance in SPA was 
related to family membership (i.e., probably 
to genetic background). Furthermore, SPA 
correlated inversely with the rate of weight 
change assessed 3 years later in males but 
not in females (Zurlo et al., 1992). The con-
fined environment of a respiratory cham-
ber does not reflect physical activity levels 

in free-living conditions. However, physical 
activity measured in a respiratory chamber 
correlated with habitual physical activity 
level assessed by doubly labeled water in 50 
nondiabetic Pima Indians (Snitker, Tataran-
ni, & Ravussin, 2001). Several longitudinal 
studies have clearly demonstrated the as-
sociation between reduced NEAT/SPA and 
weight gain (Levine et al., 2005; Snitker et 
al., 2001). Whether a similar association ex-
ists for habitual or structured physical ac-
tivity is not clear (Wareham, van Sluijs, & 
Ekelund, 2005; Westerterp & Speakman, 
2008). A study of 92 nondiabetic Pima In-
dians showed that physical activity level 
(assessed by doubly labeled water) was not 
associated with changes in body weight 4 
years later (Tataranni et al., 2003).

Low SNS Activity
Reduced SNS plays a causative role in sever-
al models of obesity in rodent models (Bray, 
York, & Fisler, 1989). In humans, SNS ac-
tivity can be directly measured in the muscle 
by microneurographic recordings (Spraul et 
al., 1993). Studies indicate that muscle sym-
pathetic nervous activity (MSNA) correlates 
well with indirect measures of SNS activ-
ity (plasma norepinephrine turnover) and is 
independently related to TDEE and to each 
of the major components of energy expen-
diture: that is, RMR (Spraul et al., 1993), 
TEF (Schwartz, Jaeger, & Veith, 1988), and 
SPA (Christin, O’Connell, Bogardus, Dan-
forth, & Ravussin, 1993). SNS activity is 
also negatively correlated with the 24-hour 
respiratory quotient (Snitker, Tataranni, & 
Ravussin, 1998).

Cross-sectional studies indicate that the 
obesity-prone Pima Indians have lower rates 
of TDEE preceding weight gain (Ravussin et 
al., 1988) as well as reduced SNS (Spraul et 
al., 1993). Together, these two factors may 
represent potential mechanisms predispos-
ing Pima Indians to body weight gain. In-
deed, baseline SNS activity (24-hour urinary 
epinephrine excretion rates) was negatively 
associated with weight gain at a 3-year 
follow-up (Tataranni, Young, Bogardus, & 
Ravussin, 1997). Importantly, beta-blocker 
treatment is often associated with a 0.5–
3.5 kg increase in body weight after 6–12 
months of treatment compared with other 
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antihypertensive agents (Sharma, Pischon, 
Hardt, Kunz, & Luft, 2001). Further indica-
tions of the possible role of SNS activity in 
the regulation of energy balance in humans 
come from a study showing that low SNS ac-
tivity was associated with a poor weight loss 
outcome in obese individuals treated with a 
dietary restriction intervention (Spraul et al., 
1993).

Low Fat Oxidation
The choice of nutrient substrate (carbohy-
drate vs, fat) used for oxidation may be an 
important factor in the etiology of obesity. 
The respiratory quotient (RQ = VCO2/VO2) 
reflects the ratio of carbohydrate to fat oxi-
dation and can vary between ~0.7 after an 
overnight fast when fat is the primary sub-
strate, up to values close to 1.0 after a high-
carbohydrate meal when glucose is the prin-
cipal energy substrate (Flatt et al., 1985). 
Apart from the obvious impact of diet com-
position, RQ is also influenced by recent en-
ergy balance (i.e., negative balance causing 
more fat oxidation), sex (i.e., females tend to 
have reduced fat oxidation), adiposity (i.e., 
higher fat mass leads to higher fat oxida-
tion), and family membership, suggesting a 
genetic component to RQ (Zurlo, Lillioja, et 
al., 1990).

Low fat oxidation has been suggested to 
be a factor in the development of obesity. In 
111 Pima Indians, 24-hour RQ (measured in 
a metabolic chamber) was correlated with 
subsequent changes in body weight and FM 
at follow-up 3 years later. In fact, individuals 
in the top 90th percentile for RQ—that is, 
“low fat oxidizers”—had a 2.5 times greater 
risk of gaining 5 kg or more of body weight 
compared to individuals in the bottom 10th 
percentile of RQ—that is, “high fat oxidiz-
ers” (Zurlo, Lillioja, et al., 1990). This effect 
was independent of a relatively low or high 
24-hour metabolic rate. In support of these 
observations, others have demonstrated that 
postobese volunteers have high RQs—that 
is, low rates of fat oxidation (Larson, Fer-
raro, Robertson, & Ravussin, 1995)—and 
those who are able to maintain weight loss 
have lower RQs compared to those experi-
encing weight relapse (Froidevaux, Schutz, 
Christin, & Jequier, 1993). Furthermore, a 
dietary shift to a high-fat, low-carbohydrate 

diet with a failure to compensate for the 
positive fat balance with increased energy 
expenditure or decreased food intake has 
been previously evaluated (Smith, de Jonge, 
Zachwieja, Roy, et al., 2000). Interestingly, 
concurrent physical activity has also been 
shown to increase fat oxidation during the 
shift to a high-fat diet (Smith, de Jonge, 
Zachwieja, Nguyen, et al., 2000).

Low Plasma Concentration of Leptin
Leptin, the product of the OB gene, is a 
hormone produced by the adipose tissue 
that inhibits food intake and increases en-
ergy expenditure (Caro, Sinha, Kaloczynski, 
Zhang, & Considine, 1997). To investigate 
whether individuals prone to weight gain 
are hypoleptinemic, we measured fasting 
plasma leptin concentrations in two groups 
of weight-matched, nondiabetic Pima Indi-
ans and followed their weight change for 
approximately 3 years. Nineteen individuals 
subsequently gained weight (average weight 
gain 23 kg), and 17 maintained their weight 
within 0.5 kg. After adjustment for initial 
percent body fat, mean plasma leptin con-
centration was lower in those who gained 
weight than in those whose weight was sta-
ble (Ravussin et al., 1997). Despite the leptin 
resistance apparent in obesity (Caro et al., 
1997), these data indicate that relatively low 
plasma leptin concentrations may play a role 
in the development of obesity in some Pima 
Indians. Interestingly, declines in circulating 
leptin contributed to the degree of metabolic 
adaptation and therefore may be a trigger 
toward weight regain (Knuth et al., 2014).

In summary, cross-sectional studies have 
not been informative about the determinants 
of weight gain, since low metabolic rate, low 
activity energy expenditure, low SNS activ-
ity, low fat oxidation, and low plasma leptin 
concentration are all predictive of weight 
gain, whereas people with obesity have high 
metabolic rate, high energy expenditure for 
activity, high SNS activity, high fat oxida-
tion, and high plasma leptin concentration.

An alternative and important hypothesis 
about the mechanisms of weight gain has 
been postulated as being directly related to 
the carbohydrate–insulin model (Ludwig & 
Friedman, 2014), which postulates that diet 
composition matters. The prevailing hypoth-
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esis suggests that environmental influences, 
such as poor dietary habits and sedentary 
lifestyle, alongside genetic predisposition, 
result in fat storage and ultimately can lead 
to obesity. By contrast, the recently proposed 
carbohydrate–insulin model of obesity pos-
its that genetic and lifestyle factors alongside 
diet quality, especially habitual consump-
tion of a high-carbohydrate diet with abun-
dant simple sugars, sequesters fat within 
adipose tissue due to hyperinsulinemia and 
thereby results in adaptive suppression of en-
ergy expenditure and increased hunger and 
appetite. Both hypotheses are important to 
consider, and future studies will yield more 
fruitful conclusions about this debate.

In an initial study by Ebbeling and col-
leagues (2012), participants achieved a 10–
15% weight loss during a run-in diet, fol-
lowed by the presentation, in random order, 
of isocaloric diets that were low-fat, low-
glycemic-index, or very-low-carbohydrate in 
macronutrient composition. Each diet was 
consumed for 4 weeks. Among the study’s 
overweight and obese young adults, com-
pared with pre-weight-loss energy expendi-
ture, the isocaloric diets resulted in decreas-
es in resting energy expenditure (REE) and 
total energy expenditure (TEE) that were 
greatest with the low-fat diet, intermediate 
with the low-glycemic-index diet, and least 
with the very-low-carbohydrate diet. Con-
versely, a recent study by Hall et al. (2016) 
found that an isocaloric ketogenic diet was 
not accompanied by increased body fat loss 
but was associated with a relatively small in-
crease in energy expenditure (57 ± 13 kcal/
day) that was near the limits of detection 
using state-of-the-art technology. Indeed, 
Hall et al. (2016) suggested that the data did 
not support the increased energy expendi-
ture of ~300–600 kcal/day reported in the 
prior studies (Ebbeling et al., 2012). Further 
investigation is needed to fully elucidate the 
conclusions of these studies.

Metabolic Adaptation

Studies in adult Pima Indians have allowed 
us to identify metabolic risk factors of body 
weight gain such as a relatively low meta-
bolic rate, low SPA, and a high RQ. We have 
also observed that upon gaining weight, the 

original abnormal state becomes normal-
ized. Because the change in metabolic risk 
factors is greater than the cross-sectional 
data would predict, this may be a mecha-
nism to counteract further weight gain.

Changes in metabolic factors that are not 
explained by changes in body weight and 
composition are the hallmark of metabolic 
adaptation. The concept of metabolic adap-
tation was introduced in 1950 by the pio-
neering work of Ancel Keys, who defined 
the drop in energy expenditure observed in 
healthy men in response to semi-starvation 
as a useful adjustment to changed circum-
stances (Keys, Brozek, Henschel, Mickelsen, 
& Taylor, 1950). A definition of adaptation 
was proposed in the 1985 FAO/WHO/UNU 
report as “a process by which a new or dif-
ferent steady state is reached in response to 
a change or difference in the intake of food 
and nutrients” (United Nations University, 
2018). Results from most overfeeding studies 
indicate that short-term experimental weight 
gain is accompanied by an overcompensato-
ry increase in energy expenditure (Tremblay, 
Despres, Theriault, Fournier, & Bouchard, 
1992). A study by Levine et al. (1999) found 
that most of the overcompensatory response 
may be due to an increase in NEAT. A re-
cent study suggests that metabolic adaption 
may be a function of the amount of protein 
that is consumed in the overfeeding (Bray 
et al., 2015). Similarly, most underfeeding 
studies reveal that in the short term, inten-
tional weight loss leads to a decrease in en-
ergy expenditure beyond predicted values 
(Johanssen et al., 2012). Therefore, there is 
substantial evidence that metabolic adapta-
tion occurs in response to large perturba-
tions in body weight over a relatively short 
period of time, but it is unknown whether 
similar adaptive mechanisms also operate 
in response to long-term weight changes in 
free-living conditions.

We examined longitudinal changes in en-
ergy expenditure and RQ associated with 
spontaneous long-term weight change in 
Pima Indians (Weyer et al., 2000). Results 
indicated that metabolic adaptation does 
occur in response to spontaneous long-term 
weight change, but the magnitude of the 
adaptive changes is small, and the interin-
dividual variability is large. Based on these 
and other data, we have developed a theo-
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retical model to explain how metabolic pro-
pensity to obesity (or resistance to weight 
loss) might thus depend not only on initial 
rates of energy expenditure and fat oxida-
tion, but also on how these measures change 
in response to weight change (Reinhardt et 
al., 2015).

Molecular Mechanisms of Energy 
Expenditure Variability and Avenues 
for Treatment
Leptin
Leptin is a hormone, secreted predominant-
ly by adipocytes, which binds primarily to 
receptors in the hypothalamus (and in the 
entire central nervous system) as a “lipo-
stat,” and which plays a key role in regu-
lating long-term energy homeostasis and 
the body’s energy stores. Zhang, Proenca, 
Maffei, Barone, Leopold, et al. (1994) de-
scribed the genetic mutation that caused 
massive obesity in ob/ob mice. Mice homo-
zygous for the ob mutation completely lack 
the presence of circulating leptin, and these 
animals develop severe, early-onset obesity, 
with many associated metabolic and hor-
monal abnormalities, including hyperpha-
gia, defective thermogenesis, infertility, and 
type 2 diabetes. Subsequent experiments 
demonstrated that these metabolic and 
physiological abnormalities were rapidly 
corrected by leptin administration, which 
caused significant reductions in food intake 
and increased energy expenditure, resulting 
in weight loss after only a few days of leptin 
administration (Pelleymounter et al., 1995). 
These findings led to optimism that leptin 
therapy might be important for treating 
human obesity. The human gene encoding 
leptin has been screened in a large number 
of obese individuals, and a growing number 
of families have been shown to have muta-
tions resulting in complete leptin deficiency 
(Farooqi & O’Rahilly, 2014). Indeed, hu-
mans with the ob mutation lack circulating 
levels of leptin and therefore develop severe, 
early-onset obesity with associated meta-
bolic and behavioral consequences, includ-
ing hyperphagia, defective thermogenesis, 
and type 2 diabetes. Leptin replacement 
therapy using daily subcutaneous injections 
has been shown to completely reverse these 

symptoms in patients with congenital leptin 
deficiency, as well as lipodystrophy, largely 
through the dramatic weight loss that oc-
curs in these patients (Martos et al., 2006). 
Treatment of three known leptin-deficient 
adults (with a functional recessive muta-
tion in the leptin gene), using recombinant 
human leptin for 3 months, resulted in dras-
tic changes in energy metabolism with nor-
malization of energy expenditure and large 
increases in fat oxidation (Galgani et al., 
2010).

These early findings in leptin-deficient pa-
tients suggested that administering leptin to 
obese patients would be a stand-alone solu-
tion for the treatment of obesity. Unfortu-
nately, this theory was short-lived. In 1999, 
a randomized controlled trial of daily sub-
cutaneous recombinant leptin injection was 
performed in 54 lean and 73 obese subjects. 
In the initial phase of the study lasting 4 
weeks, lean and obese subjects lost similar 
amounts of weight with leptin (Heymsfield 
et al., 1999). Obese subjects were studied for 
a further 20 weeks. Of the 47 patients who 
completed the study, the eight receiving the 
highest dose of leptin lost 7.1 kg, whereas 
the placebo lost 1.3 kg. However, this weight 
change varied widely among patients, from 
a loss of about 15 kg to a gain of 5 kg in the 
group treated with the highest dose. More-
over, these doses induced skin irritation and 
swelling at the injection site in 62% of pa-
tients and headache in half the patients. The 
use of leptin therapy as a panacea for obesity 
was a failure. However, leptin replacement 
therapy may be more pertinent for patients 
during weight loss maintenance. In calorie-
restricted animals and humans, exogenous 
leptin administration has been shown to re-
verse the metabolic adaptation induced by 
caloric restriction and restore energy expen-
diture, catecholamine and thyroid hormone 
levels, and skeletal muscle efficiency back 
to baseline values (Rosenbaum, Murphy, 
Heymsfield, Matthews, & Leibel, 2002; 
Rosenbaum et al., 2005). Some of our recent 
studies (Johanssen et al., 2012; Knuth et al., 
2014) showed drastic metabolic adaptations 
(i.e., drop in BMR beyond what was expect-
ed on the basis of the losses in fat-free and 
fat masses) in response to massive weight 
losses with bariatric surgery (201 ± 182 
kcal/day) or by intensive behavioral changes 
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in the The Biggest Losers contestants (504 
± 171 kcal/day). Interestingly, the metabolic 
adaptation was strongly related to the de-
crease in plasma leptin concentration. As 
previously mentioned, metabolic adaptation 
is thought to counter weight loss and con-
tribute to weight regain and energy resta-
bilization (Muller & Bosy-Westphal, 2013; 
Rosenbaum et al., 2010), yet Fothergill et al. 
(2016) found that metabolic adaptation fol-
lowing weight loss in The Biggest Loser was 
not associated with weight regain.

Beta‑3‑Adrenergic Receptors
Beta-3-adrenergic receptor (beta-3-AR) 
agonists are very effective thermogenic and 
anti-obesity and insulin-sensitizing agents 
in rodents, with the main sites of action in 
skeletal muscle (Astrup, Bulow, Madsen, & 
Christensen, 1985) as well as white (Foster 
& Frydman, 1978) and brown (Schiffel-
ers, Brouwer, Saris, & van Baak, 1998) 
adipocytes. Mice lacking beta-3-ARs have 
a modest increase in body fat, indicating 
that beta-3-ARs play a role in regulating 
energy balance. Acute treatment of normal 
animals with beta-3-selective agonists leads 
to increased serum free fatty acid (FFA) and 
insulin levels, increased whole-body energy 
expenditure, and decreased food intake. 
When these agonists were administered 
to beta-3-AR-/- mice, each of these effects 
was completely absent, indicating that these 
responses are mediated exclusively by beta-
3-ARs (Susulic et al., 1995). Testing in hu-
mans with the first generation of beta-3-AR 
agonists (BRL 26830A and CL 316243) re-
vealed promising anti-diabetic and anti-obe-
sity effects on energy metabolism (Weyer, 
Tataranni, Snitker, Danforth, & Ravussin, 
1998). However, some of these compounds 
shared substantial selectivity with the beta-
1- and beta-2-AR subtypes, inducing some 
undesired effects. The second generation 
of beta-3-ARs had improved selectivity but 
poor oral availability or pharmokinetics. 
Given these problems, we are not aware 
of any beta-3-ARs that have progressed 
beyond Phase II clinical trials. However, 
given the recent findings that BAT is present 
in adult humans (Cypess et al., 2009; van 
Marken Lichtenbelt et al., 2009; Virtanen et 
al., 2009), the potential of beta-3-AR ago-

nists for increasing the amount and activity 
of BAT is an active area of exploration.

Uncoupling Proteins and Activation of BAT 
and Beiging
Discovered in 1978, uncoupling protein 1 (or 
UCP1) is only expressed in BAT and plays an 
important role in thermogenesis in rodents. 
The uncoupling proteins (UCPs) gene, and 
especially UCP1, encodes for mitochondrial 
protein carriers, which uncouples respiration 
from adenosine triphosphate (ATP) produc-
tion, thereby stimulating heat production. 
Therefore, activation of such proteins may 
decrease metabolic efficiency and thus help 
in weight control. UCP1 was generally be-
lieved not to play a major role in energy bal-
ance, as adults were thought to have very lit-
tle BAT stores. However, recent studies using 
positron emission tomography (PET) with 
2-deoxy-2-[fluorine-18]- fluorodeoxyglucose 
integrated with computed tomography (CT) 
(18F-FDG PET/CT) revealed the presence of 
BAT in adult humans, with a prevalence es-
timated to be between 2 and 100% (closer 
to 100%).

The two other mitochondrial UCPs that 
were discovered later, UCP2 (widely dis-
tributed in a variety of tissues) and UCP3 
(abundantly expressed in skeletal muscle), 
did not turn out to be targets for obesity 
management (Clapham et al., 2000; Schrau-
wen, Xia, Bogardus, et al., 1999). Specifi-
cally, phenotypes of mice in which UCP3 
genes have been inactivated do not indicate 
that these homologues have a function in 
regulating either body temperature or body 
weight (Arsenijevic et al., 2000; Zhang et 
al., 2001). In one study in which UCP3 was 
overexpressed in skeletal muscle of trans-
genic mice, the mice showed a resistance to 
diet-induced obesity and an improvement in 
insulin sensitivity (Clapham et al., 2000). 
Since the amount of UCP3 in the muscle of 
the transgenic mice was at a level that had 
been shown previously, by the same group of 
investigators, to be toxic to the mitochondria 
of mammalian cells, it is possible that the 
mitochondria of the transgenic mice were 
leaky due to toxicity from the high levels of 
UCP3 (Stuart, Harper, Brindle, Jekabsons, 
& Brand, 2001). Consequently, the effects of 
the UCP3 transgene expression were not in-
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dicative of a normal physiological function. 
A recent study in which UCP3 was induced 
in human muscle by a high-fat diet, and then 
the rate of recovery of energy stores (i.e., cre-
atine phosphate) was determined, failed to 
find an effect, suggesting that UCP3 in hu-
mans does not uncouple muscle mitochon-
dria (Hesselink et al., 2003). It is interesting 
to note that a genetic variation at UCP2–
UCP3 is associated with low metabolic rate 
in Pima Indians (Walder et al., 1998). How-
ever, whether UCPs play a significant role in 
human obesity remains to be established.

Currently, there is intense investigation 
into mechanisms for stimulating existing 
BAT or to induce BAT (or beiging) in white 
adipose tissue (WAT) as a means of promot-
ing thermogenesis and energy expenditure 
(Tam, Lecoultre, & Ravussin, 2012). Both 
BAT and WAT make up the adipose organ. 
WAT is the primary site of energy storage 
and of release of hormones and cytokines 
that modulate whole-body metabolism and 
insulin resistance (Ronti, Lupattelli, & 
Mannarino, 2006; Rosen & Spiegelman, 
2006). On the other hand, BAT is important 
for both basal and inducible energy expen-
diture in the form of thermogenesis, medi-
ated by the expression of the tissue-specific 
UCP1 and the abundance of mitochondria 
(contributing to a brown appearance). BAT 
affects whole-body metabolism and may 
alter insulin sensitivity (Yang, Enerbäck, & 
Smith, 2003) and modify susceptibility to 
weight gain. Whereas an abundance of BAT 
was originally thought to exist only in new-
borns and hibernating animals, within the 
last decade BAT has been (re)discovered in 
the anterior neck and thorax region of adult 
humans undergoing PET and CT scanning 
(Cypess et al., 2009; Enerbäck, 2010; van 
Marken Lichtenbelt et al., 2009; Virtanen et 
al., 2009).

Besides the results reported by Cypress et 
al. (2009), two other independent publica-
tions reported in a comprehensive manner 
the presence of BAT in adult humans (van 
Marken Lichtenbelt et al., 2009; Virtanen et 
al., 2009). Virtanen and colleagues (2009) 
used 18F-FDG in combination with PET/CT 
technologies to examine five subjects during 
cold exposure (2 hours at 17–19° C; one of 
the subject’s feet was placed intermittently 
in ice water 5–9° C for 5 minutes) and warm 

conditions. In response to cold, a 15-fold in-
crease in FDG uptake in the supraclavicular 
area was observed. WAT and BAT biopsies 
were taken from three of the volunteers 
to measure the expression of informative 
genes for cellular origin. Increased expres-
sion of UCP1, deiodinase iodothyronine 
type II (DIO2), peroxisome proliferator-
activated receptor gamma (PPARU) coacti-
vator 1 alpha (or PGC1a), protein domain 
containing 16 (PRDM16), beta-3-AR, and 
cytochrome c were observed in BAT versus 
WAT from surrounding areas. Van Marken 
Lichtenbelt et al. (2009) used a similar ap-
proach in a larger group of subjects (10 lean, 
14 overweight/obese) and found increased 
FDG uptake, potentially attributable to 
BAT activity, in the neck, supraclavicular re-
gion, chest, and abdomen. Importantly, the 
activity of BAT was approximately fourfold 
higher in the lean group than in the over-
weight/obese group. These same investiga-
tors reported a positive association between 
BMR and BAT activity at thermoneutrality 
or during cold exposure, whereas an inverse 
association between BAT amount/activity 
and BMI was found. Similarly, an inverse 
association between cold-stimulated FDG 
uptake and BMI was reported by Saito et 
al. (2009) in healthy volunteers ages 23–65 
years. The latter study also pointed out a 
seasonal variation, with increased cold-
activated FDG uptake during winter versus 
summer. Importantly, the amount of BAT 
is inversely correlated with BMI, especially 
in older people, suggesting a potential role 
of BAT in adult human metabolism as it 
relates to energy-efficient heat production 
(Cypess et al., 2009). This (re)discovery of 
BAT and its known role in the regulation of 
adaptive thermogenesis has opened an inter-
est in activating BAT and enhancing energy 
expenditure in order to control body weight 
and prevent metabolic disorders (Ravussin 
& Kozak, 2009). However, although BAT 
has been proposed to mediate both CIT and 
DIT, a recent study found that cold acclima-
tion resulted in increased CIT but not DIT 
(via TEF150%), suggesting that CIT and 
DIT are mediated by distinct regulatory 
mechanisms.

More recent discussion has lent itself 
to examining the potential “beiging” (or 
“browning”) of white fat cells to reduce 
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adverse effects of WAT and potentially im-
prove metabolic health (Bartelt & Heeren, 
2014). The idea of using beige adipocytes 
and browning of WAT therapeutically has 
gained a lot of attention, because the actual 
amount of BAT found in adults is typically 
quite low and correlates inversely with BMI 
and age. Beige adipocytes are generated by 
both de novo recruitment from progenitor 
cells and transdifferentiation from white ad-
ipocytes—independent processes that might 
coexist. Although cellular energy sensing 
and sympathetic tone are driving forces that 
regulate the transcriptional networks con-
trolling browning, cold exposure and other 
metabolic challenges elicit complex hormon-
al responses that facilitate communication 
between tissues and prepare the body for 
adaptive thermogenesis. Whereas BAT, and 
potentially beige cells, are critical regula-
tors of metabolic health in mice, it remains 
unclear whether the induction of browning 
will be a promising avenue for treatment in 
humans.

Diacylglycerol Transferase and Acetyl 
CoA Carboxylase2
Triglyceride synthesis occurs through 
the acyl CoA:diacylglycerol transferases 
(DGATs), enzymes that catalyze the final 
and only committed reaction in the glycer-
ol phosphate pathway. DGAT enzymes are 
highly expressed in tissues associated with 
triglyceride synthesis. In humans, an abun-
dant expression of DGAT enzymes has been 
observed in adipose tissue and liver. Mice 
deficient in the diacylglycerol acyltransfer-
ase 1 enzyme (DGAT1–/–) are leaner than 
wild-type mice and have smaller adipocytes 
(Smith, Cases, et al., 2000; Chen et al., 
2002), are resistant to high-fat-induced obe-
sity, and are protected from hepatic steatosis 
(Smith et al., 2000). These effects are likely 
due in part to increased energy expenditure. 
Moreover, DGAT–/– mice have increased SPA 
(Chen & Farese, 2005), increased expression 
of UCP1 (Chen et al., 2002), and increased 
leptin sensitivity (Chen et al., 2002). Con-
versely, overexpression of DGAT1 in adi-
pose tissue results in impaired insulin sen-
sitivity and hepatic steatosis (Chen, Liu, 
Zhang, Ginsberg, & Yu, 2005). These find-

ings suggest that pharmacological inhibi-
tion of DGAT may be a potential therapeu-
tic target for obesity in humans. Preclinical 
studies indicate that DGAT inhibitors (e.g., 
T863) inhibit lipid absorption, cause weight 
loss, improve insulin resistance, and allevi-
ate hepatic steatosis in mice fed a high-fat 
diet (Cao et al., 2011). Due to the profound 
effects of DGAT deficiency on energy me-
tabolism, studies are underway to identify 
suitable natural and synthetic compounds 
that can specifically inhibit its action.

Acetyl CoA carboxylase (ACC), which 
exists in at least two isoforms in humans, 
is responsible for synthesizing malonyl co-
enzyme A, a potent inhibitor of fatty acid 
oxidation. ACC1 is expressed mainly in lip-
ogenic tissues such as the liver and adipose 
tissue, and ACC2 is expressed in the heart 
and skeletal muscle. Although mice lack-
ing ACC1 die young, mice lacking ACC2 
(ACC2–/–) have increased fat oxidation and 
therefore decreased weight and fat stores 
compared to wild-type mice (Abu-Elheiga, 
Oh, Kordari, & Wakil, 2003). Furthermore, 
when fed a high-fat/high-carbohydrate diet, 
ACC2–/– mice are resistant to obesity and 
the development of diabetes (Abu-Elheiga 
et al., 2003). This preclinical evidence sug-
gests that ACC inhibitors may serve as 
therapeutic targets for obesity, and clinical 
trials are ongoing. To date, more than 600 
genetic markers and chromosomal regions 
have been associated or linked with human 
obesity phenotypes. In humans, both iso-
forms have central roles in fatty acid bio-
synthesis and oxidation (Tong, 2005). A re-
cent genomewide association study (GWAS) 
suggests that 97 BMI-associated loci, 56 of 
which are novel, highlight genetic relevance 
to BMI alone (Locke et al., 2015). Future 
studies will, no doubt, report that addition-
al genetic loci have proven to impact energy 
metabolism.

Targeting Energy Expenditure for Weight 
Loss Maintenance

Lifetime body weight change is evident 
and not confined to certain individuals. 
Although the degree of weight gain is indi-
vidual, no one is immune to the decreases 
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in energy expenditure associated with the 
aging process. One potential modality for 
weight loss treatment is the use of a tiered 
approach to both weight loss and weight 
loss maintenance. Targeting energy expen-
diture for therapeutic purposes may not be 
efficacious for producing the initial weight 
loss but may be an effective strategy for 
weight loss maintenance. Although lifetime 
weight change is inevitable, with degrees of 
weight gain variable across individuals, it 
has been suggested that interventions com-
bining lifestyle improvements with appetite-
suppressant drug therapy would elicit an 
initial decrement in body weight that may 
only be successfully maintained through 
methods that increase energy expenditure 
(Figure 3.4). Furthermore, the usage of tar-
geted fat oxidation drug therapies along-
side methods to target increases in energy 
expenditure may be a critical component 
to sustaining weight loss when metabolic 
adaptation is attempting to counteract the 
degree of weight loss via decreases in daily 
energy expenditure.

Conclusions

The global obesity epidemic has stimulated 
intense interest in the genetic and molecular 
basis of body weight regulation. Changes in 
the components of energy expenditure, com-
prised of BMR, TEF, and physical activity 
thermogenesis have important roles in mod-
ulating energy balance. However, what ulti-
mately determines “metabolic efficiency” is 
extremely complex. All components of en-
ergy expenditure are likely influenced by in-
teractions between our individual genes and 
the environment, affecting many physiologi-
cal and biochemical processes. Recent prog-
ress in gene targeting and other technologies 
has pushed mouse models to the forefront of 
this effort. Whether these preclinical find-
ings will translate into therapeutic utility 
for human obesity is not yet known. There 
is no doubt that the field of energy expen-
diture has developed tremendously over the 
years and that understanding the homeo-
static balance between energy intake and 
energy expenditure will continue to be an 
active research endeavor. Indeed, different 

FIGURE 3.4. Body weight tends to increase steadily as we age (as depicted in the left panel). If we 
intervene (right panel) with lifestyle modifications (e.g., dieting via caloric restriction, exercise) and/
or a drug therapy, we can expect to see a weight loss plateau around 6–12 months after lifestyle and/
or drug therapy intervention. Given the tendency toward weight regain (due to metabolic adaptation 
often observed with weight loss), it might be fruitful to intervene with drug therapies and/or behavioral 
interventions targeting energy expenditure.
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tiered therapeutic approaches to weight loss 
therapy are available and may contribute to 
improvements in weight loss success, and in-
creasing the mass and activity of brown adi-
pocytes (beige and brown) may help in the 
maintenance of weight loss as well. Further-
more, personalized treatment for weight loss 
and weight loss maintenance should also be 
at the forefront of research priorities.
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Major contributors to the rising prevalence 
of obesity are factors that promote an in-
crease in energy intake (an abundance of 
inexpensive, easily available, energy-rich, 
highly palatable foods) and factors that 
contribute to a decrease in energy expendi-
ture. Such factors affecting energy expendi-
ture include sedentary lifestyles (television 
watching, driving to work), reduced physi-
cal activity at work (office work rather than 
manual work), and reduced physical activ-
ity in leisure time. However, within this 
obesogenic environment, there is consider-
able variation in body weight and fat mass 
among individuals (Friedman, 2003). Some 
people are much more likely to gain weight, 
whereas others tend to stay lean. This vari-
ability is influenced by complex interactions 
between environmental factors and biologi-
cal (genetic, developmental, and behavioral) 
factors that influence where an individual 
falls on the body mass index (BMI) distri-
bution (Bray, 2015). As the mean BMI has 
increased in many populations, the propor-
tion of people at the upper end of the dis-
tribution—children and adults with severe 
obesity—has also increased (Garnett, Baur, 
Jones, & Hardy, 2016; Skinner & Skelton, 
2014). There is also evidence to demonstrate 
that the response to dietary restriction and 
physical activity is highly variable, as are 

the responses to weight loss medications and 
bariatric surgery (Bray, 2015; Hatoum et al., 
2011; King et al., 2007). Understanding the 
mechanisms that underpin the variability 
in BMI and in the response to interventions 
may inform strategies to prevent and treat 
obesity and related disorders.

Genetic Contributors to Obesity: 
The Evidence

The biological factors that influence inter-
individual variability in body weight are, to 
a large extent, inherited (Friedman, 2000; 
Maes, Neale, & Eaves, 1997; Perusse et al., 
1988). Evidence for the genetic contribution 
to body weight comes from twin studies that 
have informed estimates of heritability— 
defined as the proportion of total phenotyp-
ic variance attributable to genetic variation 
in a specified environment. Multiple twin 
studies have suggested that the heritability 
of body BMI is between 0.71 and 0.86 (Sil-
ventoinen, Magnusson, Tynelius, Kaprio, & 
Rasmussen, 2008). Recent studies in over 
5,000 U.K. twins, ages 8–11 years, growing 
up during a time of dramatic rises in obe-
sity, support the substantial heritability of 
BMI (~77%). In this study by Wardle and 
colleagues, there was a very modest effect of 
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the shared environment (which can inflate 
heritability estimates); the remaining envi-
ronmental variance was largely unshared 
(Wardle, Carnell, Haworth, & Plomin, 
2008). Similar heritability estimates were 
found when studying identical twins who 
were reared together and apart (Allison et 
al., 1996) and in large studies of adopted 
children whose body weights tended to be 
more similar to those of their biological par-
ents than to their adopted parents (Sorensen, 
Price, Stunkard, & Schulsinger, 1989). Fam-
ily-based studies generally report somewhat 
lower heritability estimates.

It is likely that genetic factors influence 
how much weight people gain and how 
much they lose in response to changes in the 
amount of food consumed and the amount 
of exercise undertaken. Carefully controlled 
experimental studies of identical twins, 
conducted under direct supervision, have 
shown that the amount of weight gained in 
response to a fixed number of excess calo-
ries and the amount of weight lost after a 
fixed amount of physical activity is very 
similar between twins, but varies across dif-
ferent sets of twins (Bouchard et al., 1990, 
1996; Poehlman et al., 1986). These stud-
ies demonstrate that the variability in body 
weight and in the physiological response 
to energy intake and energy expenditure is 
very strongly influenced by genetic factors 
(Elder et al., 2012; Fabsitz, Sholinsky, & 
Carmelli, 1994; Perusse, Tremblay, Leblanc, 
& Bouchard, 1989).

Common Genetic Variants 
in the Population

Genomewide association studies (GWASs) 
have led to the identification of common ge-
netic variants (i.e., those present in at least 
5% of people) that contribute to obesity or 
increased BMI. By comparing very large 
numbers of people on whom BMI data are 
available, more than 100 genetic loci asso-
ciated with BMI and body fat distribution 
(often measured by waist-to-hip ratio) have 
been identified (Dina et al., 2007; Frayling et 
al., 2007; Loos et al., 2008). Many of these 
findings have been replicated in different 
ethnic groups (Locke et al., 2015). GWAS-
associated loci are often identified by the 

name of the nearest gene, although it is im-
portant to note that this may not be the gene 
in which variation contributes to variation 
in BMI. Some obesity-associated GWAS loci 
encompass genes previously shown to play a 
role in energy balance in animals and in peo-
ple with severe obesity (e.g., LEPR, SH2B1, 
MC4R, BDNF; Wheeler et al., 2013). Other 
loci contain genes that seem to be plausible 
biological candidates (Locke et al., 2015). A 
large proportion of obesity/BMI loci contain 
genes that are expressed in the brain (Locke 
et al., 2015). In well-powered studies that 
have been performed for the more frequently 
occurring variants, obesity-associated vari-
ants seem to be associated with increased 
energy intake rather than with decreased 
energy expenditure, although energy expen-
diture measurements have only been per-
formed in a few cohorts (Cecil, Tavendale, 
Watt, Hetherington, & Palmer, 2008; Timp-
son et al., 2008; Wardle, Carnell, Haworth, 
Farooqi, et al., 2008). This contrasts with 
loci associated with body fat distribution, 
which are enriched for genes expressed in 
adipose tissue and overlap with loci for insu-
lin resistance, which has a shared pathogen-
esis (Shungin et al., 2015).

Cumulatively, the common variants identi-
fied in obesity/BMI GWAS are characterized 
by modest effect sizes, and the proportion 
of the variance in BMI explained by GWAS-
identified loci remains relatively modest 
(< 5%). At the most, single variants predict 
that a person’s weight may increase by a few 
kilograms over several years. Given the large 
number of common genetic variants identi-
fied, one way of estimating their cumulative 
burden is to use genetic risk scores (GRS), 
which aggregate information from multiple 
GWASs to summarize risk-associated varia-
tion across the genome (Belsky & Israel, 
2014; Loos, 2012). Some studies have shown 
that people with a high GRS consume more 
food based on dietary records and have 
a higher BMI (Qi et al., 2014); some have 
shown that higher GRS is associated with 
reduced levels of physical activity (Ahmad 
et al., 2013; Zhu et al., 2014). However, the 
effects of these associations remain modest. 
Therefore, genotyping healthy individuals 
to identify those who carry a high burden 
of “obesogenic alleles” is not currently war-
ranted, nor, at this time, would such genetic 
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information usefully guide interventions in 
people with common forms of obesity

Genetic Discoveries in Severe Obesity

Genetic studies focussed on children with 
severe childhood-onset obesity have led to 
the identification of multiple genes in which 
rare, highly penetrant variants cause obesity 
(Jackson et al., 1997; Krude et al., 1998; 
Montague et al., 1997; Ramachandrappa et 
al., 2013; Yeo et al., 1998). Whereas individ-
ually these disorders are rare, cumulatively, 
at least 10% of children with severe obe-
sity have rare chromosomal abnormalities 
and/or highly penetrant genetic mutations 
that drive their obesity (Bochukova et al., 
2010). This figure is likely to increase with 
wider accessibility to genetic testing in clini-
cal practice and as new genes are identified 
from exome and genome sequencing in large 
research programs.

Some genetic obesity syndromes are asso-
ciated with learning difficulties and develop-
mental delay (e.g., Prader–Willi syndrome) 
and major clinical problems, which means 
that children come to medical attention at a 
young age. However, over the last 15 years 
there has been increasing recognition of a 
large and growing group of genetic disor-
ders in which severe obesity itself is the pre-
senting feature (Farooqi et al., 2003, 2007). 
Children who suffer from these disorders 
are often identified as a result of early and 
marked weight gain, but the lack of other 
clinical features often means that a genetic 
diagnosis is not considered and may only be 
offered when the children reach secondary 
care.

The diagnosis of a genetic obesity syn-
drome can provide information that has di-
agnostic value for the family through genetic 
counselling. There is particular value in a 
genetic diagnosis for severe obesity, which, 
unlike other clinical disorders, is often not 
recognized as a medical condition by some 
health care professionals, educators, and 
employers. The making of a genetic diag-
nosis can help children and their families 
deal with the social stigma that comes with 
severe obesity. In some instances where the 
persistence of severe obesity despite medi-
cal advice has been considered a reason to 

invoke parental neglect, making a genetic 
diagnosis has prevented children from being 
taken into care.

A genetic diagnosis can inform manage-
ment (many such patients are relatively re-
fractory to weight loss through changes in 
diet and exercise) and can inform clinical 
decision making regarding the use of bar-
iatric surgery (feasible in some; high risk 
in others). Importantly, some genetic obe-
sity syndromes are treatable (Farooqi et al., 
1999, 2002). There are a number of drugs in 
Phase Ib and Phase II clinical trials targeted 
specifically at patients with genetic obesity 
syndromes (www.rhythmtx.com).

Genetic Obesity Syndromes 
without Developmental Delay

To date, many of the genetic disorders that 
are characterised by severe obesity alone af-
fect the leptin–melanocortin pathway (van 
der Klaauw & Farooqi, 2015), which, from 
an evolutionary perspective, is critical to 
defend against starvation and ensure suffi-
cient energy stores for survival (Ahima et al., 
1996; Schwartz et al., 2003).

Leptin, a hormone made by adipose tis-
sue, circulates in the bloodstream as a sig-
nal reflecting energy stores (Ahima et al., 
1996; Maffei et al., 1995). Leptin signals 
pass through the long isoform of the leptin 
receptor to stimulate the expression of 
proopiomelanocortin (POMC) in the arcu-
ate nucleus of the hypothalamus. POMC 
is extensively modified post-translationally 
to generate the melanocortin peptides (ad-
renocorticotropic hormone [ACTH] and 
alpha-, beta-, gamma-melanocyte-stimulat-
ing hormone [MSH]). These peptides acti-
vate melanocortin receptors in the skin (mel-
anocortin-1 receptor [MC1R]), to modulate 
pigmentation, in the adrenal gland (melano-
cortin-2 receptor [MC2R]) to regulate glu-
cocorticoid synthesis, and in the brain (mel-
anocortin-3 receptor and melanocortin-4 
receptor [MC3R and MC4R]) to reduce en-
ergy intake and increase energy expenditure. 
In parallel, leptin inhibits pathways that 
stimulate food intake (orexigenic), effects 
that are mediated by neurons expressing 
the melanocortin antagonist agouti-related 
protein (AgRP) and neuropeptide Y (NPY). 
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These two sets of primary leptin-responsive 
neurons project to second-order neurons 
expressing the MC4R in the paraventricu-
lar nucleus of the hypothalamus and other 
brain regions. Together, these neurons con-
stitute a critical circuit that regulates energy 
homeostasis (Schwartz, Woods, Porte, See-
ley, & Baskin, 2000).

Leptin and Leptin Receptor Deficiency
Approximately 1% of patients with severe 
childhood-onset obesity from consanguine-
ous families may have mutations in the gene 
encoding leptin; 2–3% may have mutations 
affecting the leptin receptor. Serum leptin 
is a useful test in patients with severe ear-
ly-onset obesity, as an undetectable serum 
leptin is highly suggestive of a diagnosis of 
congenital leptin deficiency. Very rare leptin 
mutations that result in a bioinactive form 
of leptin have been reported (Wabitsch et al., 
2015). Serum leptin concentrations are ap-
propriate for the degree of obesity in leptin-
receptor deficient patients, and as such, an 
elevated serum leptin concentration is not 
necessarily a predictor of leptin receptor de-
ficiency (Farooqi et al., 2007). However, a 
subset of patients harbor LEPR mutations, 
which result in abnormal cleavage of the ex-
tracellular domain of LEPR (which can then 
act as a leptin-binding protein) and are as-
sociated with markedly elevated leptin levels 
(Clement et al., 1998; Lahlou et al., 2000).

The clinical phenotypes associated with 
congenital leptin and leptin receptor defi-
ciencies are similar. Leptin- and leptin-re-
ceptor-deficient infants are born of normal 
birth weight but exhibit rapid weight gain 
in the first few months of life, resulting in 
severe obesity (Farooqi et al., 2002). These 
infants are characterized by intense hyper-
phagia, with food-seeking behavior and 
aggressive behavior when food is denied. 
Although measurable changes in resting 
metabolic rate or total energy expenditure 
have not been demonstrated, abnormalities 
of sympathetic nerve function in leptin-defi-
cient adults suggest that autonomic dysfunc-
tion may contribute to the observed obesity 
phenotype. Leptin and leptin receptor defi-
ciency are associated with hypothalamic hy-
pothyroidism; normal pubertal development 
does not occur in adolescents with leptin or 

leptin receptor deficiency, with biochemical 
evidence of hypogonadotropic hypogonad-
ism. However, there is some evidence for the 
delayed but spontaneous onset of menses in 
some leptin- and leptin-receptor-deficient 
females. Leptin- and leptin-receptor-defi-
cient children have normal linear growth in 
childhood and normal insulin-like growth 
factor-1 (IGF-1) levels. However, the final 
height of adults is reduced due to the absence 
of a pubertal growth spurt. Children with 
leptin deficiency have impaired T cell num-
ber and function, consistent with high rates 
of childhood infection and a high reported 
rate of childhood mortality from infection 
(Farooqi et al., 2002).

Although leptin deficiency appears to be 
rare, it is entirely treatable with daily sub-
cutaneous injections of recombinant human 
leptin (Farooqi et al., 2002), which are 
currently available to patients on a named 
patient basis in a small number of centers 
around the world. The major effect of leptin 
treatment is on food intake, with normaliza-
tion of hyperphagia and enhanced satiety 
(Farooqi et al., 1999, 2002). Leptin also has 
permissive effects on the development of pu-
berty and, if given in early childhood, per-
mits appropriate linear growth (Farooqi et 
al., 2002).

Disorders of POMC Synthesis 
and Processing
Children who are homozygous or compound 
heterozygous for mutations in the POMC 
gene present in neonatal life with adrenal 
crisis due to ACTH deficiency (POMC is 
a precursor of ACTH in the pituitary) and 
require long-term corticosteroid replace-
ment (Krude et al., 2003). Such children 
have pale skin, and white infants often have 
red hair due to the lack of MSH function at 
MC1Rs in the skin. Although red hair may 
be an important diagnostic clue in patients 
of white origin, its absence in patients origi-
nating from other ethnic groups should not 
result in this diagnostic consideration being 
excluded. Children from different ethnic 
backgrounds may have a less obvious phe-
notype, such as dark hair with red roots 
(Farooqi et al., 2006). POMC deficiency re-
sults in hyperphagia and early-onset obesity 
due to loss of melanocortin signaling at the 
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MC4R. The clinical features are comparable 
to those reported in patients with mutations 
in the receptor for POMC derived ligands, 
MC4R. Selective melanocortin receptor ago-
nists are in clinical trials and appear to be 
effective therapies for such patients (Kuhnen 
et al., 2016).

Proprotein convertases (PCs) are a family 
of serine endoproteases that cleave inactive 
propeptides into biologically active pep-
tides (Seidah, 2011). Proprotein convertase 
subtilisin/kexin type 1 and 2 (PCSK1 and 
PCSK2) are expressed in neuroendocrine 
tissues where they cleave prohormones, in-
cluding POMC, pro-thyrotrophin-releasing 
hormone (TRH), proinsulin, proglucagon, 
and pro-gonadotrophin-releasing hormone 
(GnRH) to release biologically active pep-
tides. Compound heterozygous or homozy-
gous mutations in the PCSK1 gene, which 
encodes PC1/3, cause small-bowel enterop-
athy. Patients may present in neonatal life/
early infancy with persistent diarrhea re-
quiring parenteral feeding. Other important 
clinical features include hypoglycemia and 
complex neuroendocrine effects (including 
diabetes insipidus) due to a failure to process 
a number of prohormones. Hyperphagia and 
severe obesity tend to become apparent by 
2–3 years of age (Jackson et al., 1997, 2003).

MC4R Deficiency
MC4R deficiency is the most common ge-
netic form of obesity. Assessment of the se-
quence of the MC4R is increasingly seen as 
a necessary part of the clinical evaluation 
of the severely obese child. The prevalence 
of pathogenic MC4R mutations has varied 
from 0.5 to 2.5% of people, with a BMI >30 
kg/m2 in U.K. and European populations to 
5% in patients with severe childhood obe-
sity (Farooqi et al., 2003; Stutzmann et al., 
2008). Given the large number of potential 
influences on body weight, it is perhaps not 
surprising that both genetic and environ-
mental modifiers will have important effects 
on the severity of obesity associated with 
MC4R mutations in some pedigrees. Most 
patients have heterozygous mutations; co-
dominance, with modulation of expressivity 
and penetrance of the phenotype, is the most 
appropriate descriptor for the mode of in-
heritance. Homozygous mutations in MC4R 

have been identified in children from con-
sanguineous families (Farooqi et al., 2003).

The clinical features of MC4R deficien-
cy include hyperphagia in early childhood 
and accelerated linear growth, which may 
be a consequence of disproportionate early 
hyperinsulinemia and effects on pulsatile 
growth hormone (GH) secretion, which is 
retained in contrast to common forms of 
obesity (Martinelli et al., 2011). Reduced 
sympathetic nervous system activity in 
MC4R-deficient patients is likely to explain 
the lower prevalence of hypertension and 
lower systolic and diastolic blood pressures 
seen in adults (Greenfield et al., 2009). Cen-
tral leptin–melanocortin signaling appears 
to play an important role in the regulation of 
blood pressure and its coupling to changes 
in weight (Simonds et al., 2014).

Several studies have now shown that ado-
lescents and adults with heterozygous MC4R 
mutations do respond to Roux-en-Y gastric 
bypass surgery (Hatoum et al., 2012). Addi-
tionally, as most patients are heterozygotes 
with one functional allele intact, it is pos-
sible that small molecule MC4R agonists or 
pharmacological chaperones that improve 
receptor trafficking to the cell surface might 
be appropriate treatments for this disorder. 
More recently, a potent melanocortin recep-
tor agonist, RM-493, has been administered 
as part of a Phase Ib proof-of-concept clini-
cal trial in obese patients. This trial included 
one cohort of patients with heterozygous 
loss of function mutations in MC4R, who 
showed promising weight loss after 4 weeks. 
If this compound moves forward, it may be 
one of the first examples of a personalized 
medicine approach for treating obesity in 
people with a genetically characterized sub-
type of obesity.

Src Homology 2B Adapter Protein 1 
Deficiency
Severe obesity without developmental delay 
is associated with a significantly increased 
burden of rare, typically singleton copy num-
ber variants (deletions/duplications; Wheeler 
et al., 2013). Deletion of a 220-kb segment 
of 16p11.2 is associated with highly pene-
trant familial severe early-onset obesity and 
severe insulin resistance (Bochukova et al., 
2010). This deletion includes a small number 
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of genes, one of which is Src homology 2B 
adapter protein 1 (SH2B1), known to be in-
volved in leptin and insulin signaling. These 
patients gain weight in the first years of life, 
with hyperphagia and fasting plasma insulin 
levels that are disproportionately elevated 
compared to age- and obesity-matched con-
trols. Several mutations in the SH2B1 gene 
have also been reported in association with 
early-onset obesity, severe insulin resistance, 
and behavioral abnormalities, including ag-
gression (Doche et al., 2012).

Genetic Obesity Syndromes 
with Developmental Delay
Prader–Willi Syndrome
The prevalence of Prader–Willi syndrome 
(PWS) is approximately 1 in 25,000 live 
births. Key clinical features include hypoto-
nia and failure to thrive in infancy, mental 
retardation, short stature, hyperphagic obe-
sity, and hypogonadotropic hypogonadism 
(Goldstone, 2004). Children with PWS have 
reduced lean body mass, increased fat mass, 
and abnormalities that resemble those seen 
in GH deficiency. GH treatment decreases 
body fat and increases linear growth, mus-
cle mass, fat oxidation, and energy expen-
diture in these individuals (Carrel & Allen, 
2001). Plasma levels of the stomach-derived 
hormone ghrelin are markedly elevated in 
children and adults with PWS, compared 
to obese controls and patients with other 
genetic obesity syndromes. The significance 
of this finding and its possible role in the 
pathogenesis of hyperphagia in these pa-
tients is unknown.

PWS is caused by the deletion of a criti-
cal segment on the paternally inherited copy 
of chromosome 15q11.2-q12, or loss of the 
entire paternal chromosome 15 with the 
presence of two maternal copies (uniparen-
tal maternal disomy). Most chromosomal 
abnormalities in PWS occur sporadically. 
Deletions account for 70–80% of cases; the 
majority are interstitial deletions, many of 
which can be visualized by karyotype analy-
sis. There are distinct differences in DNA 
methylation of the parental alleles. DNA 
methylation can be used as a reliable postna-
tal diagnostic tool in PWS. Small deletions 
encompassing only the HBII-85 family of 

snoRNAs have been reported in association 
with the cardinal features of PWS, includ-
ing obesity (de Smith et al., 2009; Sahoo et 
al., 2008), suggesting that these noncoding 
RNAs and the genes that they regulate may 
be important in the etiology of PWS.

Albright Hereditary Osteodystrophy
Mutations in GNAS1 that decrease the ex-
pression or function of the G alpha s protein 
result in Albright hereditary osteodystrophy 
(AHO), which is an autosomal-dominant 
disorder. Maternal transmission of GNAS1 
mutations leads to classical AHO (charac-
terized by short stature, obesity, skeletal 
defects, and impaired olfaction) plus resis-
tance to several hormones (e.g., parathyroid 
hormone) that activate Gs in their target tis-
sues (pseudohypoparathyroidism type IA), 
whereas paternal transmission leads only to 
AHO (pseudopseudohypoparathyroidism). 
Studies in both mice and humans demon-
strate that GNAS1 is imprinted in a tissue-
specific manner, being expressed primarily 
from the maternal allele in some tissues and 
bi-allelically in other tissues; thus, multi-
hormone resistance occurs only when Gs 
(alpha) mutations are inherited maternally 
(Weinstein, Chen, & Liu, 2002). Some pa-
tients with GNAS1 mutations may present 
with obesity without the classical features; 
the reasons for this phenotypic variation are 
not as yet known.

Bardet–Biedl Syndrome
Bardet–Biedl syndrome (BBS) is a rare (prev-
alence < 1/100,000) autosomal-recessive 
disease characterized by obesity, learning 
disability, dysmorphic extremities (syndac-
tyly, brachydactyly, or polydactyly), retinal 
dystrophy or pigmentary retinopathy, hypo-
gonadism, and structural abnormalities of 
the kidney or functional renal impairment. 
BBS is a genetically heterogeneous disorder 
that is now known to map to at least 16 
loci, with mutations in more than one locus 
sometimes required for complete expression 
of the phenotype. Many BBS genes appear to 
affect proteins localized to the basal body, 
a key element of the monocilium thought 
to be important for intercellular sensing in 
mammalian cells, including neurons (Ansley 
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et al., 2003). Other disorders of ciliary func-
tion (e.g., Alström syndrome [retinal dys-
trophy, severe insulin resistance, deafness]) 
and Carpenter syndrome are also associated 
with obesity. The link between ciliary func-
tion and obesity remains unclear, although 
studies in mice have suggested that ciliary 
dysfunction can affect leptin signaling and 
activity of POMC neurons (Seo et al., 2009).

Brain‑Derived Neurotrophic 
Factor Disruption
A small number of children with severe 
hyperphagia and obesity, impaired short-
term memory, hyperactivity, and learning 
disability who have mutations or chromo-
somal deletions that disrupt brain-derived 
neurotrophic factor (BDNF) or its tyrosine 
kinase receptor tropomycin-related kinase B 
(TrkB) have been reported (Yeo et al., 2004; 
Gray et al., 2006). Yanovski and colleagues 
showed that in patients with Wilms tumor, 
aniridia, genitourinary anomalies, mental 
retardation/intellectual disability (WAGR) 
syndrome, a subset of deletions on chromo-
some 11p.12 that encompasses the BDNF 
locus were associated with early-onset obe-
sity (Han et al., 2008). Given the severe 
developmental phenotype of these patients, 
it is not surprising that mutations seem to 
arise de novo, and as such, they should be 
considered when both parents are of normal 
weight and IQ.

SIM1 Deficiency
Single-minded 1 (SIM1) is a basic helix–
loop–helix transcription factor involved in 
the development and function of the paraven-
tricular nucleus of the hypothalamus. Chro-
mosomal deletions affecting SIM1 (Faivre 
et al., 2002; Holder, Butte, & Zinn, 2000) 
(often de novo) and dominantly inherited 
heterozygous loss of function mutations in 
SIM1 have been reported (Bonnefond et al., 
2013; Ramachandrappa et al., 2013). SIM1-
deficient patients are hyperphagic with evi-
dence of autonomic dysfunction (character-
ized by low systolic blood pressures) as seen 
in MC4R deficiency, which suggests that 
some aspects of the clinical phenotype can 
be explained by altered melanocortin signal-

ing. However, many SIM1 mutation carriers 
have speech and language delays and exhibit 
neurobehavioral abnormalities, including 
autistic-type behaviors. These features are 
not recognized features of MC4R deficiency 
but show some overlap with the behavioral 
phenotypes seen in PWS. As the hyperpha-
gia of SIM1 haplo-insufficient mice is partly 
ameliorated by the central administration of 
oxytocin (Kublaoui, Gemelli, Tolson, Wang, 
& Zinn, 2008), a neurotransmitter involved 
in the modulation of emotion and social in-
teraction, impaired oxytocinergic signaling 
is one possible mechanism implicated in the 
obesity and behavioral phenotype seen in 
SIM1 deficiency.

KSR2 Deficiency
A number of large family-based population 
studies have addressed the contribution of 
genetic versus environmental factors to en-
ergy expenditure, including physical activity 
(Perusse et al., 1989). For example, exercise 
participation within families is entirely ac-
counted for by shared family environment. 
However, basal metabolic rate (BMR), which 
is the major determinant of energy expen-
diture (70%), is highly heritable (Bouchard 
& Tremblay, 1990). Whereas most of the 
genes that promote severe obesity do so by 
affecting appetite, the recent finding that 
obese people harboring genetic variants in 
KSR2 (kinase suppressor of ras2) have re-
duced BMR demonstrates that genetic varia-
tion in energy expenditure can contribute to 
weight gain in some individuals (Pearce et 
al., 2013).

Summary

Cumulatively, work in the genetics of obe-
sity has shown that the variability in BMI 
in the population has a large genetic compo-
nent. The finding of multiple common vari-
ants in GWASs currently has limited utility 
in predicting weight-related problems and 
the potential impact of interventions. Many 
of the GWAS signals identified to date map 
to noncoding regions of the genome that 
may potentially be involved in gene regula-
tion (rather than by directly disrupting par-
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ticular genes). Further experimental work is 
needed to understand the mechanisms that 
underlie these associations.

Exome sequencing of cohorts of obese, 
normal-weight, and lean people are well 
underway and are likely to lead to the iden-
tification of additional rare variants in new 
genes. The functions of these genes need to 
be explored in cells, model organisms, and 
humans. Establishing the functional rel-
evance of rare variants (which outnumber 
common variants in the human genome) has 
diagnostic value, can inform drug develop-
ment, and provides opportunities for the 
development of precision/stratified medi-
cine. Adding genetic evidence to support the 
role of a drug target in disease can increase 
the chances of success in drug development 
(Nelson et al., 2016), in turn reducing the 
timeline from target discovery to clinical tri-
als and the cost burden of failed clinical tri-
als due to ineffective drugs that lack efficacy.
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The ecological community of commensal, 
symbiotic, and pathogenic microorganisms 
that live throughout and on our bodies is 
collectively referred to as the microbiota. 
The human gut microbiota consists of up to 
100 trillion microbes that exist in a largely 
symbiotic relationship with their human 
hosts. In the aggregate, these microbes in-
clude at least 150 times the number of genes 
present in the entire human genome (Hama-
dy & Knight, 2009; Ursell et al., 2014). 
These genes are collectively referred to as the 
microbiome. Interplay between the gut mi-
crobiota and human health has been posited 
for over a century (Metchnikoff & Mitchell, 
1908). However, due largely to the inability 
to characterize the intestinal bacterial popu-
lation, much of which remains unculturable, 
evidence that these microbes may partici-
pate in energy intake and expenditure did 
not emerge until this millennium (Backhed 
et al., 2004). Recently developed techniques 
to directly sequence the microbiome have 
enabled characterization of the microbiota 
in ways that were not previously possible 
(Goodman et al., 2011) and opened up ex-
citing new avenues for studying the role of 
these microbes in the development and treat-
ment of obesity.

The gut microbiome varies substan-
tially in size and composition, both cross- 

sectionally between individuals and longi-
tudinally within individuals. For example, 
the microbiome is affected by age, diet, 
medication, weight, and overall metabolic 
state of the host. In turn, various subpopu-
lations of the gut microbiota are capable of 
affecting the production of molecules that 
may influence energy balance and substrate 
metabolism (Tehrani, Nezami, Gewirtz, & 
Srinivasan, 2012; Tagliabue & Eli, 2013). 
Based predominantly on rodent studies, the 
microbiota thus constitutes a responsive en-
teroendocrine organ that may participate 
in the pathogenesis of human obesity and 
diabetes, and, for this reason, could provide 
therapeutic targets. This chapter reviews 
what has been done and what may be done 
to determine how translatable rodent micro-
biota-related data are to humans, as well as 
the implications for use of human gut mi-
crobiota as an index of risk for obesity and 
as a target for the treatment and prevention 
of obesity.

The Microbiota

Although phylum-level and even family-level 
groupings of microbes are very broad and 
can conceal potentially important variation 
at finer levels (including at the strain level), 
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some general trends emerge. The major gut 
microbial phyla, expressed as the percentage 
of the total population, are Bacteroidetes 
(~20–25%), Firmicutes (~60–65%), Pro-
teobacteria (~5–10%), and Actinobacte-
ria (~3%). Together, these phyla constitute 
over 97% of the gut microbe population 
(see Table 5.1). The taxonomic variability 
(reflecting both the number of operational 
taxonomic units [OTUs] and the diversity 
within those OTUs) is much greater than 
the functional variability (the variability in 
categories of gene [COG] functions relevant 
to energy homeostasis performed by these 
OTUs) as measured by a variety of methods. 
This finding suggests that multiple micro-
biotal configurations may lead to essentially 
the same functional result, making it more 
complicated to assess whether taxonomic 
changes are of clinical significance (Turn-
baugh et al., 2009; Human Microbiome 
Project Consortium, 2012).

Studies in Rodents
Effects of Weight and Diet Composition 
on the Microbiota in Rodents
As discussed above, the two most abundant 
phyla in the gut are Bacteroidetes and Fir-
micutes. In genetically obese Lepob mice, 
the relative proportion of Bacteroidetes 
is decreased and the relative proportion of 
Firmicutes is increased across all subgroups 
within these phyla (Clarke et al., 2012). 
However, the taxonomic variability is not 
different from that of lean mice. These data 
suggest that in the genetically obese mouse, 
obesity per se alters microbial ecology (rela-
tive proportion of different phyla) without 
affecting diversity. In contrast, dietary ma-
nipulations affect both microbial ecology 
and diversity (greater diversity on diets high 
in polysaccharides, plus the same changes in 
microbial ecology seen with weight loss or 
weight gain in mice on a high-fat Western 
diet; Turnbaugh, Backhed, Fulton, & Gor-
don, 2008). When fed a high-fat diet, both 
wild-type and obesity-resistant RELM-b 
knockout (KO) mice still show significant 
decreases in Bacteroidetes independent of 
their substantially different rates of fat ac-
cretion (less weight gain in the KO mice; 
Hildebrandt et al., 2009). Changes in the 

microbiome due to weight reduction are also 
affected by diet composition. Weight-re-
duced, diet-induced obese (DIO) mice eating 
a high-fat diet have a more diverse micro-
biome after weight reduction than control 
mice at the same weight on chow or than 
weight-reduced control mice eating a chow 
diet (Ravussin et al., 2012). As discussed 
below, there is much greater variability in 
results comparing humans who are obese 
with humans who have never been obese 
(Walters, Xu, & Knight, 2014).

Effects of Changes in the Microbiota 
on Energy Homeostasis in Rodents
The importance of the gut microbiota in ro-
dent energy homeostasis is emphasized by 
the consequences of its absence and reple-
tion in studies of germ-free mice, especially 
those that were colonized with a defined mi-
crobial community (gnotobiotic mice). The 
lack of microbiota in germ-free mice results 
in food-processing inefficiency (impaired 
harvesting of energy from the diet). Inocula-
tion of germ-free mice with “conventional” 
(mice on standard chow diet, not overfed or 
underfed) microbes results in weight gain to 
similar levels of fatness as the donor mice, 
despite an approximate 30% increase in en-
ergy expenditure and 30% decline in energy 
intake (Backhed et al., 2004)—that is, a re-
versal of the food-processing inefficiency.

Changes in energy homeostasis and weight 
in gnotobiotic mice are dependent upon the 
status of the donor. Germ-free mice inocu-
lated with microbes from leptin-deficient 
(Lepob) mice containing higher absolute and 
relative proportions of Firmicutes gain about 
twice as much fat mass as gnotobiotic mice 
given inoculations from wild-type mice, de-
spite no significant differences in absolute 
energy intake. The increase in fat mass with-
out changes in caloric intake reflect an ap-
proximate 15% decrease in the number of 
unabsorbed calories remaining in the distal 
intestines of the mice inoculated with the 
Lepob microbiota—that is, an increase in 
energy harvest efficiency (Turnbaugh et al., 
2006). This donor effect is also seen follow-
ing inoculation of germ-free mice with the 
microbiota from monozygotic (MZ) and di-
zygotic (DZ) human twin pairs discordant 
for obesity. Despite no donor-related differ-
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ences in daily chow consumption, gnotobi-
otic animals with microbes from the obese 
twin (designated as Ob mice) experienced 
an approximately 10-fold greater increase 
in percentage of body fat than gnotobiotic 
animals with microbes from the lean twin 
(designated as Ln mice).

Surprisingly, instead of any regression 
toward a “mean microbiome” and level 
of fatness, co-housing of Ob and Ln mice 
(designated as Ob–Ln pairs, and individual 
mice in each pair designated as Obch and 
Lnch depending on whether animals were 
inoculated initially with an obese or lean 
twin microbiota, respectively) resulted in 
the Obch mice acquiring the microbiome of 
Lnch animals and only a 2–3% gain in fat 
mass in the Obch mice (vs. ~11% in Ob–Ob 
pairs). In contrast, there was no change in 
the somatotype or microbiome of the Lnch 
mice. The degree of adoption of the Lnch mi-
crobiome in roommate Obch mice was even 
greater if the mice were fed a low-saturat-
ed-fat, high-fruit and -vegetable diet, rather 
than a high-saturated-fat, low-fruit and 
-vegetable diet, which is considered reflec-
tive of the Western diet. On the non-Western 
low-saturated fat, high-fruit and -vegetable 
diet, Ob-Ob cage mates gained significantly 
more fat mass (~6%) and weight (~8%) than 
all other mice (Ln–Ln, Lnch, and Obch), for 
whom body composition changes were in-
significant over a 10-day period. However, 
on the Western high-saturated-fat, low-fruit 
and -vegetable diet, the greater weight gain 
(~8% in Ln–Ln and Lnch mice and ~14% in 
Ob–Ob and Obch mice) and fat gain (~2–3% 
in Ln–Ln and Lnch mice and ~9% in Ob–Ob 
and Obch mice) in Obch mice was not affect-
ed by co-housing with Lnch mice (Ridaura, 
et al., 2013). In other words, the dietary 
composition not only affected the microbi-
ome of both lean and obese mice, but also 
affected the “susceptibility” of obese mice 
to acquiring the microbiome and somato-
type of their lean cage mates. The effects 
of microbiome inoculation on somatotype 
in mice are not limited to obese verses lean 
donors. Studies of germ-free mice inocu-
lated with microbiota from obesity-prone 
(OP, higher Firmicutes:Bacteroidetes ratio) 
versus obesity-resistant (OR) rats show that 
there is greater weight gain in the OP-treated 
group, but only in the setting of a high-fat 

diet (Duca et al., 2014); that is, the micro-
biota effect of OP donors is dependent on 
diet composition.

It has been observed that probiotics, de-
fined as live microorganisms that confer a 
health benefit on the host when administered 
in adequate amounts (Bindels, Delzenne, 
Cani, & Walter, 2015)—such as certain spe-
cies of Lactobacillus—reduce weight and 
body fat in DIO mice without changing en-
ergy intake (Lee et al., 2006). This finding is 
in contrast to the transfer of intestinal flora 
from lean mice to germ-free mice, which re-
sults in weight (fat) gain despite decreased 
energy intake and increased energy expendi-
ture (Backhed et al., 2004).

The mouse microbiome is somewhat 
strain-dependent (Kovacs et al., 2011), but 
these host genotype effects are outweighed 
by the environment. Ericsson et al. (2015) 
compared mouse strain and vendor effects 
on the microbiomes of six strains of female 
mice (3.5 weeks to 24 weeks of age, some 
strains duplicated) purchased from three dif-
ferent commercial resources. All mice were 
housed at a single site and fed standard chow 
diets consisting of approximately 20% of ki-
localories (kcal) as protein, 60% as carbohy-
drate, and 20% as fat. Within populations 
of Bacteroidetes, Firmicutes, and Proteo-
bacteria, twice as many significant effects of 
vendor source (within inbred strains) were 
noted than differences among strains. There 
was a greater effect for the vendor than for 
the specific strain of mouse on the density of 
the most common microbiota. The signifi-
cant initial effects of vendor, and to a lesser 
degree, of strain, did not seem to increase or 
decrease significantly as the mice aged (be-
tween 3.5 and 24 weeks of age), suggesting 
the importance of early gut colonization and 
inbred strain × vendor interactions. On the 
other hand, Parks et al. (2013) reported sig-
nificant heritability of weight gain and gut 
microbial composition and plasticity (po-
tential for change) in response to a high-fat, 
high-sugar diet. However, neither the base-
line “enterotype” nor the degree of plasticity 
(amount of change in response to diet) was 
independently predictive of weight gain in 
mice. In humans, the predominance of the 
environment in determining the composi-
tion of the gut microbiome is also evident 
(Wu et al., 2011).
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Studies in Humans
Effects of the Intrauterine Environment 
and Mode of Delivery
The establishment of the gut microbial pop-
ulation in a neonate is a complex process 
involving interactions among the maternal 
and fetal genotypes and the intrauterine 
(e.g., gestation length), perinatal (delivery 
type), and postnatal (diet, antibiotics) en-
vironments (Guaraldi & Salvatori, 2012). 
Recent data have challenged the view that 
the intrauterine environment is normally 
sterile, and that therefore fetal/neonatal mi-
crobial colonization begins at birth. There is 
apparent in utero colonization of the infant 
gut, which is influenced by such factors as 
maternal history or allergies/atopy and an-
tibiotic therapy, with possible implications 
for infant health (Koleva, Kim, Scott, & Ko-
zysrskyi, 2015). Maternal exposures to an-
tibiotics in the second and third trimesters 
of pregnancy (or early infancy) are associ-
ated with decreased bacterial diversity of the 
neonate’s stool, reduced abundance of lacto-
bacilli and bifidobacteria in the infant gut, 
and an increased risk of childhood obesity 
(Ajslev, Andeersen, Gamborg, Sorensen, & 
Jess, 2011; Mueller et al., 2013; Murphy et 
al., 2014). The mechanisms for this increase 
are not clear, but animal studies have sug-
gested that low-dose penicillin administered 
early in life increases susceptibility to high-
fat-diet (HFD)-induced obesity, and that 
this susceptibility can be transferred to gno-
tobiotic animals (Cox et al., 2014).

The vaginally delivered neonate is ini-
tially colonized postnatally with the vagi-
nal and distal gut bacteria of the mother, 
whereas babies delivered by Cesarean sec-
tion (C-section) are initially colonized pre-
dominantly with the skin bacteria from 
the mother (Huurre et al., 2008; Mueller, 
Bakacs, Cornbellick, Grigoryan, & Domin-
guez-Bello, 2014). Premature infants and 
those delivered by C-section initially develop 
a less diverse microbiome, characterized by 
an increased predominance of Proteobacte-
ria and Firmicutes versus Bacteroidetes spe-
cies, compared, respectively, to term infants 
and those delivered vaginally (Barrett et al., 
2013, Chernikova et al., 2016).

Regardless of gestational age at delivery, 
babies delivered by C-section have a less di-

verse microbiome that contains absolutely 
and relatively smaller populations of Bacte-
roides and Bifidobacteria species (Costello, 
Stagaman, Dethlefsen, Bohannan, & Rei-
man, 2012) that persist for months to years 
(Guaraldi & Salvatori, 2012). The observa-
tions that decreased Bacteroidetes popula-
tions are present in both obese adults and 
children born by C-section (Ravussin et al., 
2012) suggest that the infant microbiome 
may contribute to the subsequent increased 
risk of obesity of approximately 40% in chil-
dren (Mueller et al., 2013) and young adults 
(Blustein et al., 2013; Mesquita et al., 2013) 
delivered by C-section.

Effects of the Extrauterine Environment
In so-called ecological models, childhood 
adiposity is influenced by home and school 
environments, parental eating behaviors, and 
food availability (both within and outside of 
the home), in addition to the adiposity of 
parents (Larson, Wall, Story, & Neumark-
Sztainer, 2013). Although there are genetic 
influences on the human microbiome (based 
on studies of the variance in the microbiome 
between MZ and DZ twin and within-twin 
pairs raised together vs. apart), particularly 
in the first 3 years of life, these effects are 
small compared to those associated with the 
extrauterine environment (Turnbaugh et al., 
2009; Yatsunenko et al., 2012; Goodrich et 
al., 2014). The UniFrac distance, a measure 
of the phylogenetic distance between sets of 
taxa, is only about 2–4% higher within DZ 
(shared environment and 50% genotype) 
versus MZ (shared environment and 100% 
genotype) twin pairs. In contrast, it is about 
10–15% higher within pairs of unrelated 
children. In a study of 54 twin pairs (23 DZ 
and 31 MZ), Turnbaugh et al. (2009) found 
no significant zygosity effect on the UniFrac 
distance, as did Yatsunenko et al. (2012). 
The small differences based on zygosity and 
large differences based on being reared in 
different homes suggest that the environ-
ment contributes more than do shared genes 
to the gut microbe composition (Turnbaugh 
et al., 2009).

The relative contributions of genes and 
environment may be taxa-dependent. In a 
study of 416 (171 MZ, 245 DZ) twin pairs in 
the TwinsUK population, there was a signif-



 Human Energy Homeostasis and the Gut Microbiome 81

icantly higher correlation within MZ twin 
pairs for certain taxa, in particular, for the 
family Christensenellaceae. The abundance 
of the Christensenellaceae species was nega-
tively associated with fatness in humans and 
reduced weight gain when transplanted into 
gnotobiotic mice (Goodrich et al., 2014), in-
dicating that colonization by physiologically 
important microbes may still be heritable at 
narrower taxonomic levels.

Studies using multivariate analyses to 
compare industrialized societies such as the 
United States or Europe with nonindustri-
alized societies, such as the Hadza hunter-
gatherers (Schnorr et al., 2014) or groups in 
Papua New Guinea (Martinez et al., 2015), 
indicate that industrialization is associ-
ated with a lower diversity of fecal bacteria 
within individuals (a-diversity) and greater 
diversity between individuals (b-diversity). 
Regardless of environmental effects on the 
microbiome due to climate, geography, in-
dustrialization, diet, etc., the diversity of the 
microbiome within a community increases 
with age (Yatsunenko et al., 2012).

Adult Human Gut Microbiota 
and Energy Homeostasis

Several mechanisms have been postulated by 
which the microbiome might affect energy 
balance. These mechanisms are inadequate-
ly studied in humans.

It is important to consider the possible 
interactions between the human microbiota 
and adiposity within the framework of what 
is known about human energy homeosta-
sis. Within a stable environment, individual 
energy stores remain relatively constant 
over extended periods of time, suggesting 
that energy intake and output are coupled 
(co-vary) in a manner that “defends” a rela-
tively constant level of energy stores (Du et 
al., 2009; Forouhi et al., 2009). Specifically, 
weight loss (negative energy balance) and 
the maintenance of a reduced body weight 
(energy balance at reduced weight) invoke 
similar but not identical declines in energy 
expenditure (exceeding those predicted by 
concurrent changes in body weight and 
composition) and intake. The disproportion-
ate decline in energy expenditure predomi-
nantly reflects increased chemomechanical 

contractile efficiency of skeletal muscle. The 
increased energy intake reflects increased 
food reward (hunger) and decreased food re-
straint (delayed satiation and decreased per-
ception of how much has been eaten), which 
do not abate over time (Ravussin, Burnand, 
Schutz, & Jéquier, 1985; Weyer et al., 2000; 
Leibel & Rosenbaum, 2010; Myers, Leibel, 
Seeley, & Schwartz, 2010). These effects are 
largely mediated by the declines in circulat-
ing concentrations of the adipocyte-derived 
hormone leptin, acting directly on “feeding 
centers” in the brain, and via the autonomic 
nervous (ANS) and neuroendocrine systems. 
The increase in parasympathetic nervous 
system (PNS) tone following weight loss is 
associated with a slowing of heart rate and 
decline in resting energy expenditure (Lei-
bel & Rosenbaum 2010). The decrease in 
sympathetic nervous system (SNS) tone fol-
lowing weight loss modulates feeding behav-
ior via effects on various gut peptides and 
transmission of nutrient-derived signals to 
the brainstem (Bellocchio et al., 2013), and 
directly decreases heart rate and secretion 
of thyroid hormone (Aronne, Mackintosh, 
Rosenbaum, Leibel, & Hirsch, 1995; Lang, 
Rayos, Chomsky, Wood, & Wilson, 1997). 
Thyroid hormone increases energy expen-
diture by increasing heart rate, blood pres-
sure, and muscle ATP consumption (largely 
by stimulating production of muscle ATPase 
and favoring expression of the less mechani-
cally efficient myosin heavy chain II [MHCII] 
isoform) (Jakubiec-Puka, Ciechomska, 
Mackiewicz, Langford, & Chomontowska, 
1999; Baldwin et al., 2011). The increase in 
PNS tone and the declines in SNS tone and 
circulating concentrations of leptin and bio-
active thyroid hormones during and follow-
ing weight loss effectively conspire to favor 
the regain of lost weight (McGuire, Wing, 
Klem, & Hill, 1999; DelParigi et al., 2004; 
Wing & Phelan, 2005; Rosenbaum, Hirsch, 
Gallagher, & Leibel, 2008; Phelan et al., 
2011; Sumithran et al., 2011).

Before extrapolating from studies of body 
weight and the mouse microbiome to hu-
mans, it should be noted that murine and sa-
pien energy homeostatic systems differ in a 
number of key areas. There are obvious dif-
ferences in natural diet composition (greater 
carbohydrate and less fat in murine diet) and 
biorhythms relevant to energy intake and 
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expenditure (nocturnal vs. diurnal). Perhaps 
most striking are the interspecies differ-
ences in thermogenesis by brown (BAT) and 
beige (Brite) adipose tissue, which accounts 
for over 50% of adaptive thermogenesis in 
rodents versus < 5% in adult humans (Can-
non & Nedergaard, 2004; Vosselman, van 
Marken Lichtenbelt, & Schrauwen, 2013). 
In mice, both the quantity and activity of 
BAT are affected by diet composition and 
the gut microbiota (Mestdagh et al., 2012; 
Okubo, Takemura, Yoshida, & Sonoyama, 
2013), which will clearly have a much more 
substantial effect on energy expenditure in 
rodents than it would in humans. As dis-
cussed later, there are many hypotheses 
regarding the mechanisms by which the 
human gut microbiota might affect these 
phenotypes. However, these hypotheses are 
largely based on animal studies or indirect 
measurements of the effects of experimental 
alterations of gut flora on other molecules 
known to affect energy output and intake, 
without direct measures of these variables.

Effects of Weight and Diet Composition 
on the Gut Microbiome in Humans
The human intestinal microbial popula-
tion is sensitive to adiposity (obese vs. lean), 
weight loss history (formerly obese vs. never 
obese), diet composition, and energy bal-
ance (dynamic weight loss vs. static weight 
maintenance). In most (Turnbaugh et al., 
2006, 2009) but not all (Walters et al., 
2014) studies, the proportion of Bacteroide-
tes species relative to Firmicutes species is 
decreased in subjects who are obese (simi-
lar to rodents) and is increased compared to 
never-obese humans in formerly-obese sub-
jects following dietary weight loss (Cotillard 
et al., 2013). In subjects studied before, dur-
ing, and after weight loss while ingesting the 
same liquid formula diet of identical mac-
ronutrient composition (Faith et al., 2013), 
the relative proportion of Bacteroidetes spe-
cies and microbial diversity were increased 
following weight loss, even though dietary 
macronutrient content remained identical 
and the subjects were weight stable. In other 
studies of subjects during weight loss, this 
effect was augmented by ingestion of a low 
carbohydrate versus a low-fat weight reduc-

tion diet (Ley, Turnbaugh, Klein, & Gor-
don, 2006).

In humans undergoing dynamic weight 
gain or loss, the slope of the line relating 
degree of overfeeding and underfeeding to 
changes in the relative abundance of Bac-
teroidetes and Firmicutes is almost iden-
tical—making it unclear whether these 
changes in the microbiome reflect nutrient 
balance or nutrient stores (Jumpertz et al., 
2011). In theory, the positive association of 
the relative abundance of Firmicutes and 
negative association of the relative abun-
dance of Bacteroidetes with changes in body 
weight could be direct effects of the degree 
and duration of negative or positive energy 
balance, or of changes in energy stores as fat 
mass. Studies of changes in the microbiome 
induced by liposuction—that is, reducing fat 
stores without inducing a negative energy 
balance—might address this issue more di-
rectly.

Effects of Changes in the Gut Microbiota 
on Energy Homeostasis in Humans
There are few studies examining the effects 
of intentional manipulation of the human 
gut microbiota on body weight. However, 
manipulation of body weight and diet have 
been associated with changes in the microbi-
ome and energy homeostasis. Kocelak et al. 
(2013) examined resting energy expenditure 
(REE), body composition, and the gut mi-
crobial populations in 50 obese and 30 lean 
subjects who were healthy and weight-sta-
ble. The investigators reported that the obese 
subjects had a significantly greater total mi-
crobial count without significant differences 
in the ratio of Bacteroidetes to Firmicutes. 
However, in multiple regression analyses, in-
cluding fat mass, none of these correlations 
between the microbiota and cardiorespira-
tory fitness remained significant. It should 
also be noted that other studies reported a 
significantly lower and less diverse microbial 
count in obese versus lean subjects (Turn-
baugh et al., 2006, 2009). In a study of car-
diorespiratory fitness (defined as VO2max), 
there was a significant correlation (adjusted 
R2 = 0.20, p < .001) and taxonomic diversity 
in multivariate analyses of 39 healthy adults 
(Estaki et al., 2016), with shifts in the mi-
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crobiome that predicted metagenomic func-
tions aligning positively with genes related 
to bacterial chemotaxis, motility, and fatty 
acid biosynthesis. The correlation was con-
firmed by gut short-chain fatty acid (butyr-
ate) content.

The observation that administration of 
conventional mouse microbiota to germ-free 
mice results in decreased energy intake sug-
gests a role of the microbiome in appetite 
regulation, possibly including the efficiency 
of energy harvest from food (Backhed et al., 
2004; Harstra, Bouter, Backhed, & Nieu-
wdorp, 2011). Though there is no direct 
evidence linking the microbiome to energy 
intake, the microbiota metabolizes fiber 
and complex carbohydrates into short-chain 
fatty acids (SCFAs), particularly acetate, 
butyrate, and propionate. These SCFAs are 
capable of crossing the blood–brain barrier 
and can interact with hypothalamic feeding 
circuitry (Frost et al., 2014). Specifically, in-
creasing acetate production by feeding mice 
a high fermentable carbohydrate diet has an 
anorexigenic effect. Intraperitoneal admin-
istration of acetate is similarly anorexigenic 
and also increases central synthesis and re-
lease of glutamate, gamma-aminobutyric 
acid (GABA), and proopiomelanocortin 
(POMC), and decreases expression of the 
orexigenic agouti-related peptide (AgRP; 
Frost et al., 2014).

Prebiotics, defined as selectively fermented 
nondigestible food ingredients or substances 
specifically supporting the growth and/or 
activity of health-promoting bacteria that 
colonize the gastrointestinal tract (Bindels 
et al., 2015), are useful tools for modulat-
ing the human gut microflora (Macfarlane, 
Macfarlane, & Cummings, 2006). For ex-
ample, small amounts of dietary inulin-type 
fructo-oligosaccharides given to humans 
stimulate growth of health-promoting Bifi-
dobacterium, Lactobacillus, Roseburia, and 
Faecalibacterium species (Macfarlane et al., 
2006). In a double-blind placebo-controlled 
study of 16 adults, Cani et al. (2009) admin-
istered an inulin-like prebiotic fiber versus 
a similar tasting placebo (dextrin-maltose). 
They found that prebiotic administration 
was associated with a significant decrease in 
hunger and postprandial glucose excursions, 
significantly greater satiation after a meal, 

as well as increases in plasma glucagon-like 
peptide 1 (GLP-1) and peptide YY (PYY), 
both of which are gut-derived peptides 
known to promote satiation and glucose ho-
meostasis (Moran & Dailey, 2011).

Overview of Possible Mechanisms
Energy Harvest
Inoculation of gnotobiotic mice with conven-
tional mouse gut biota provokes weight gain 
(increased energy stores) despite decreased 
energy intake and increased energy expendi-
ture (Backhed et al., 2004; Ley, Turnbaugh, 
et al., 2006; Turnbaugh et al., 2006). The 
most logical explanation for weight gain 
in the setting of decreased energy intake 
and increased expenditure is that the addi-
tion of microbiota to a formerly germ-free 
mouse results in increased efficiency of nu-
trient absorption (a.k.a. energy harvest, the 
extraction of calories from ingested dietary 
substances). In studies of colonization of 
gnotobiotic mice with the caecal microbiota 
from ob/ob mice, Turnbaugh et al. (2006) 
reported that inoculation increased energy 
harvesting, including increased absorption 
of monosaccharides from the gut. In turn, 
this greater absorption led to increased he-
patic lipogenesis and stimulation of both 
hepatic lipoprotein lipase (LPL) and hepTIC 
sterol regulatory element-binding proteins 
(SREBPs). An unanswered question regard-
ing the germ-free mouse is what mechanisms 
allow it to maintain a lower level of energy 
stores in the germ-free state than the level 
that it will “defend” once inoculated with 
a microbiome. The identification of these 
factors might increase the utility of dietary 
manipulations, medications, surgeries, etc., 
that decrease energy harvest in humans 
(O’Donovan, Feinte-Bisset, Wishart, & 
Horowitz, 2003; Little et al., 2006).

As discussed above, increased efficiency 
of energy harvest has been reported to be as-
sociated with increased Firmicutes and de-
creased Bacteroidetes species in gnotobiotic 
mice (Turnbaugh et al., 2006). Similar stud-
ies examining energy harvest after manipu-
lating the gut microbial population have not, 
to our knowledge, been done with humans. 
Jumpertz et al. (2011) examined the effects 



84 PrevALence, consequences, And etIoLogy of obesIty

of underfeeding (2,400 kcal/day) and over-
feeding (3,400 kcal/day) on the human mi-
crobiota of 12 lean and 9 obese individuals. 
They reported that the differences between 
caloric intake and weight maintenance calo-
ries were positively correlated with the rela-
tive abundance of Firmicutes species and 
were negatively correlated with the relative 
abundance of Bacteroidetes species in lean 
and obese humans. These differences sug-
gest that microbiota are responsive to ener-
gy balance (i.e., to the degree of overfeeding 
or underfeeding) as well as to adiposity. An 
approximate 20% increase in abundance of 
Firmicutes and corresponding decrease in 
Bacteroidetes (which is what would occur 
during weight gain) was associated with a 
150 kcal/day (approximately 5% of ingested 
calories) increase in energy harvest (mea-
sured by bomb calorimetry to determine the 
number of calories remaining in the stool; 
Jumpertz et al., 2011). Therefore, it is con-
ceivable that inoculation of obese humans 
with a “leaner microbiome” might promote 
weight loss by decreasing energy harvest, as 
has been observed in mice.

The mechanisms by which the microbi-
ome might affect energy harvest remain hy-
pothetical. Nutrient absorption is clearly in-
fluenced by the length of exposure to the gut 
mucosa. Kashyap et al. (2013) reported that 
colonization of germ-free mice with human 
or rodent (mouse or rat) bacteria was associ-
ated with a decrease in gastrointestinal (GI) 
transit time, and that shortening or increas-
ing GI transit time resulted, respectively, in 
increased abundance of Bacteroidaceae and 
Porphyromonadaceae. This type of study 
is clearly replicable in humans, but to our 
knowledge a replication has not yet been at-
tempted.

Leptin Signaling
Introduction of conventional gut bacteria in 
gnotobiotic mice increases fatness but does 
not appear to affect the secretion of the an-
orexigenic hormone leptin. Neither does 
this manipulation increase expression of 
hypothalamic POMC and cocaine-amphet-
amine-related transcript (CART) nor de-
crease expression of the orexigenic peptides 
agouti-related peptide (AgRP) and neuro-
peptide Y (NPY; Schele et al., 2013; Everard 

& Cani, 2014). However, the colonization 
of germ-free mice with conventional micro-
biota significantly blunts both the weight 
loss and the decline in AgRP and NPY ex-
pression following leptin administration 
(Schele et al., 2013; Everard & Cani, 2014). 
Prebiotic manipulation of the microbiota in 
leptin-deficient mice to decrease Firmicutes 
and increase Bacteroidetes phyla resulted in 
increased leptin sensitivity (Everard et al., 
2011), suggesting that the gut microbiota 
may affect CNS leptin signaling. Germ-free 
mice have significantly increased brainstem 
expression of proglucagon (GCG), which 
is the precursor for the incretin and anti-
obesity molecule, glucagon-like peptide-1 
(GLP-1). Reductions are also seen in the an-
orexigenic brain-derived neurotrophic fac-
tor (BDNF) and leptin-resistance-associated 
suppressor of cytokine signaling-3 in both 
the brainstem and hypothalamus, compared 
to conventionally raised mice. Microbe-in-
duced suppression of any or all of these mol-
ecules might promote weight gain.

Inflammation
Increased circulating concentrations of in-
flammatory cytokines induced by an HFD 
has been proposed as a mechanism by which 
an HFD induces obesity and opposes weight 
loss in the setting of a high-fat versus a chow 
diet (McNay & Speakman, 2013; de Git & 
Adan, 2015). This may be due to increased 
colonic and ileal expression of lipolysacchar-
die (LPS, which can also be released from 
intestinal microbes), NF-kappaB, and TNFa 
(Belkaid & Hand, 2014; Khan, Gerasimi-
dis, Edwards, & Shaikh, 2016). Cani et al. 
(2008) suggested that production of endo-
toxin by gut microbiota as well as ileal and 
colonic cells (Tehrani et al., 2012) results in a 
metabolic endotoxemia that acts centrally at 
the hypothalamus to promote hyperphagia 
and also increases permeability to nutrients. 
This metabolic endotoxemia, and resultant 
fat gain, are exacerbated by a high-fat diet 
and ameliorated by antibiotic treatment.

Short‑Chain Fatty Acids

SCFAs, predominantly butyrate, acetate, 
and propionate, are the products of micro-
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bial (predominantly Firmicutes and Bacte-
roidetes as well as the minor phyla Melaina-
bacteria [Hester et al., 2015]) fermentation 
of dietary fiber (germ-free mice produce 
almost no SCFAs [Maslowski et al., 2009]). 
SCFAs are bioactive molecules and are rel-
evant to energy homeostasis beyond serving 
as an energy source for the colonic epithe-
lia (butyrate), hepatocytes (propionate), and 
other peripheral tissues (e.g., acetate; Lin et 
al., 2012).

SCFAs engage two orphan G-protein-cou-
pled receptors (GPCRs). GPR41 (also known 
as free fatty acid receptor 3 or FFAR3) is 
expressed in the gut, the peripheral nervous 
system (promotes growth and activation of 
the SNS), liver (promotes hepatic lipogen-
esis), and adipose tissue (promotes leptin 
release primarily via activation of the Gi/o 
protein). GPR43 (FFAR2) primarily acti-
vates Gi/o and Gq proteins in adipose tissue 
and the gut, where it enhances the density 
of PYY cells and release of PYY (Brooks et 
al., 2016).  SCFA-induced activation of intes-
tinal GPR43 decreases release of inflamma-
tory cytokines (Maslowski et al., 2009), an 
effect that could indirectly increase hypotha-
lamic sensitivity to leptin (McNay & Speak-
man, 2013; de Git & Adan, 2015). GPR 41 is 
equally activated by propionate and butyrate, 
whereas GPR43 is more responsive to pro-
pionate and acetate than to butyrate (Inoue, 
Tsujimoto, & Kimura, 2014; Kimura, Inoue, 
Hirano, & Tsujimoto, 2014). Butyrate inhib-
its histone deacetylases (HDACs), thereby 
inducing histone hypermethylation with 
subsequent changes in transcription of genes 
affecting pathways involved in fatty acid 
oxidation, epithelial integrity, and apopto-
sis (Waldecker, Kautenburger, Daumann, 
Busch, & Schrenk, 2008; Vanhoutvin et al., 
2009; Matsuki et al., 2013).

Similarly, there are distinct effects of each 
of these SCFAs on various gut peptides (in-
cretins and hormones) and energy homeo-
stasis. For example, oral administration of 
butyrate significantly increases circulating 
concentrations of gastric inhibitory poly-
peptide (GIP), GLP-1, PYY, insulin, and 
amylin. This increase could have a net effect 
of slowing digestion and nutrient intestinal 
transit time, promoting satiety, and increas-
ing plasma insulin. Propionate administra-
tion causes a more modest but still signifi-

cant increase in circulating GIP, insulin, and 
amylin. Acetate administration has no effect 
on any of these hormones, but does increase 
leptin release by fat cells. Butyric acid and 
propionate increase G-protein-mediated se-
cretion of PYY and GLP-1 in the gut, rates 
of isoproterenol-stimulated lipolysis, rates 
of basal and insulin-stimulated de novo li-
pogenesis in fat cells, and insulin-stimulated 
glucose uptake (Inoue et al., 2014; Kimura 
et al., 2014).

In mice, butyrate and acetate have been 
reported to protect against diet-induced 
obesity without hypophagia, and propio-
nate has been reported to reduce food intake 
and increase locomotor activity (Lin et al., 
2012). Collectively, these data suggest that 
acetate, since it has little effect on activity 
or energy intake, exerts its actions primar-
ily via effects on basal thermogenesis (as 
evidenced by increased oxygen consumption 
in rats given oral acetate [Yamashita et al., 
2009]), whereas butyrate and propionate 
have more direct effects on feeding behavior 
and physical activity.

Conclusions

Research, predominantly in rodents, indi-
cates that the microbiome affects energy 
intake, expenditure, and nutrient harvest in 
ways that suggest that specific alterations of 
the gut microbiota might constitute a poten-
tial therapeutic intervention to prevent obe-
sity and/or to promote and sustain weight 
loss in humans. Based on rodent studies, the 
effects of the microbiome on energy homeo-
stasis are unique in that inoculation of mice 
with the microbiota from lean donors not 
only results in weight loss, but apparently 
does so without inducing the metabolic and 
behavioral opposition that would normally 
favor weight regain.

Further studies are clearly necessary, using 
manipulations involving prebiotics, probiot-
ics, and diet composition, before any recom-
mendations can be made regarding microbial 
therapeutics for human obesity. Specifically, 
studies of obesity and the human microbi-
ome thus far have been mainly epidemiolog-
ical and have failed to distinguish whether 
alterations of the microbiota are a cause or 
consequence of changes in fat mass.
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Manipulation of the gut microbiome by 
transplantation, diet, or prebiotics in hu-
mans with varying somatotypes (obese, 
formerly obese, and never obese) and ge-
netic predispositions could be used to isolate 
the possible role(s) of the microbiota in the 
regulation of energy homeostasis. Efforts 
should be made to identify those individuals 
for whom the gut microbiome is most like-
ly to be salient in the regulation of energy 
homeostasis—much like the vendor- and 
strain-specific studies in rodents. Data from 
larger-scale studies could identify specific 
behavioral, microbiotic, and metabolic phe-
notypes that might be predictive of response 
to different types of behavioral, pharmaco-
logical, pro-/prebiotic, or surgical therapies. 
Of particular interest would be the conse-
quences of bariatric surgical procedures on 
the gut microbiome and the correlation of 
any changes in flora with the effects of sur-
gery on body weight and glucose homeosta-
sis.

Finally, it should be recognized that the 
effects of the intestinal microbial popula-
tions extend to other systems, including glu-
cose and lipid homeostasis, blood pressure, 
inflammation, and other adiposity-related 
comorbidities (Le Chatelier et al., 2013).
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Recent research has revealed multiple prop-
erties of food that have effects on eating be-
havior and the overconsumption of energy 
that could lead to the development of obe-
sity. This chapter reviews some of the most 
robust of these dietary influences and dis-
cusses implications of the findings for obe-
sity treatment. Emphasis is placed on the 
importance of adopting sustainable dietary 
patterns that support optimal health while 
controlling hunger and enhancing satiety. 
Consideration is given to the challenges of 
translating current evidence into practical 
and sustainable dietary interventions to curb 
unwanted weight gain and regain.

The focus on properties of food that drive 
intake is not meant to diminish the critical 
role that physical activity plays in energy 
balance and optimal health, but is based on 
the premise that it is easier to overeat than 
to burn off excess calories. Dietary influ-
ences on consumption are numerous and 
complex, and include food amount, compo-
sition, form, cost, palatability, variety, and 
availability, as well as the combined impact 
of these factors. The next sections consider 
recent studies aimed at characterizing some 
of these food properties and how they can be 
utilized to help manage intake, control hun-
ger, and increase satiety.

Portion Size
Experimental Evidence That Portion Size 
Affects Energy Intake
Portion size has received considerable atten-
tion in relation to the recent surge in rates of 
obesity (Dobbs et al., 2014; Kral & Rolls, 
2011; Rolls, 2014). Portion sizes of many 
foods and beverages have increased in res-
taurants, supermarkets, and homes in paral-
lel with the rise in the prevalence of obesity 
(Young & Nestle, 2002). In establishing a 
link between portion size and body weight, 
a crucial step has been to demonstrate that 
portion size affects energy intake. Con-
trolled studies show that when adults and 
children are offered bigger portions, they 
consume more. The influence of portion size 
is seen for all types of foods, including those 
with indistinct shapes such as pasta (Rolls, 
Morris, & Roe, 2002), for which it is dif-
ficult to judge the size, as well as for foods 
with clearly defined shapes or units, such as 
sandwiches (Rolls, Roe, Meengs, & Wall, 
2004) and packaged snacks (Rolls, Roe, 
Kral, Meengs, & Wall, 2004). Studies in 
natural eating environments such as restau-
rants confirm that food portions influence 
energy intake. For example, when the por-
tion size of a pasta entrée served in a campus 
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cafeteria was increased by 50%, customers 
rated the standard and larger portions as 
equally appropriate, and most ate all of the 
bigger portion (Diliberti, Bordi, Conklin, 
Roe, & Rolls, 2004).

Although intake of all types of food can 
be influenced by portion size, this effect is 
strongest for the foods that are best liked. It 
is obvious that food palatability is a major 
determinant of both food choice and intake; 
a recent study showed that when a number 
of oversized foods were offered, it was the 
relative liking among those foods that influ-
enced the extent of overeating of a particu-
lar food. In a meal with multiple items, large 
portions had the greatest effect on foods 
ranked highest in palatability (Roe, Kling, 
& Rolls, 2016). The effect of portion size be-
comes particularly relevant for weight man-
agement if it persists over multiple eating 
occasions. Studies have questioned whether, 
after a bout of overeating in response to 
large portions, people compensate by eating 
less later, and whether when large portions 
are continuously available, the effect is sus-
tained over time. In several studies, the effect 
has been shown to persist from meal to meal 
(Rolls, Roe, & Meengs, 2007). When men 
and women were provided with all of their 
foods and beverages during two 11-day peri-
ods, the effect of a 50% increase in portion 
size did not diminish significantly over time 
and led to a mean cumulative increase in in-
take of 4,636 kilocalories (kcal). Thus, the 
availability of large portions of palatable, 
energy-dense foods can override biological 
signals for satiety and promote a sustained 
accumulation of excess energy.

An even longer intervention conducted in 
a work site cafeteria over 6 months offered 
participants a free box lunch of 400, 800, 
or 1,600 kcal every weekday and compared 
body weight change to a no-lunch provision 
condition. The 1,600-kcal group gained 
around a kilogram more than the other 
lunch box groups, but not more than a con-
trol group that ate their usual lunch (French 
et al., 2014). The lack of a systematic rela-
tionship between lunch portion and weight 
change has been used to challenge the no-
tion that large portions are related to obe-
sity (Herman, Polivy, Vartanian, & Pliner, 
2016). But another interpretation is that the 
provision of the smaller portion-controlled 

meals moderated the exposure to the usual 
obesogenic lunch environment experienced 
by the control group. As explained later, evi-
dence suggests that portion-controlled foods 
can be an effective tool for weight loss.

Strategies to Counter 
the Portion‑Size Effect
A number of instructional materials related 
to portion size are available from health 
organizations and can be found online. In-
dividuals receiving dietary counseling are 
often taught to use measuring tools (scales, 
cups and spoons, and photographs). An 
evaluation of such portion-size estimation 
aides found that household measures such 
as cups easiest to use and most likely to be 
used again (Faulkner et al., 2016), whereas 
another study showed that use of most por-
tion-control strategies was not sustained 
over time (Spence et al., 2015). One portion-
control tool showing promise for weight 
management is a plate that clearly defines 
the proportions of foods that should com-
prise one’s diet. Several studies have shown 
that using this type of portion-control plate 
for 6 months was associated with significant 
weight loss (Huber et al., 2015; Kesman, 
Ebbert, Harris, & Schroeder, 2011; Peder-
sen, Kang, & Kline, 2007). It is not clear, 
however, whether using such tools leads to 
better understanding of appropriate por-
tions or to persistent changes in food se-
lection, or whether such tools or education 
about appropriate portions will promote 
maintenance of weight loss.

The portion-control strategy best support-
ed by clinical evidence is the provision of liq-
uid meal replacements or portion-controlled 
snacks or frozen meals (Heymsfield, 2010; 
Raynor & Champagne, 2016). Preportioned 
foods are a component of several commer-
cial weight loss programs, and it is likely 
that their provision contributes to improved 
weight loss and weight loss maintenance 
(Foster et al., 2013). Portion-controlled 
foods, whether as liquid shakes, meal bars, 
or prepared servings of conventional foods, 
are beneficial and can induce significantly 
greater weight loss than advice to consume a 
self-selected diet with similar energy content 
(Heymsfield, 2010; Rolls, 2014). It is not 
clear whether improved weight loss is related 
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to portion control or to reduced exposure to 
large portions of other foods and the struc-
ture that food provision gives to the eating 
environment (Wing, 1997).

Although a number of strategies have 
been proposed to counter the effects of por-
tion size, there are only limited data from 
randomized clinical trials indicating which 
are likely to be both effective and sustain-
able (Rolls, 2014). A recent study compared 
the efficacy of three different strategies for 
weight management in the year-long ran-
domized Portion Control Strategies Trial 
(Rolls, Roe, James, & Sanchez, 2017). 
Women with overweight or obesity received 
one of three equally intensive behavioral 
treatments: the standard advice group fol-
lowed guidelines to eat less of all foods 
while making healthy choices; the portion 
selection group chose foods based on en-
ergy density and received tools such as food 
scales; and the preportioned foods group 
structured meals around preportioned foods 
and received vouchers to encourage their 
use. During the first 3 months the prepor-
tioned foods group lost weight at a greater 
rate than the other groups, supporting the 
findings of another recent trial (Rock et al., 
2016), but this early success did not persist. 
After a year, weight loss did not differ among 
groups, with an average loss of 4.5 kg. In all 
groups, reported use of target strategies indi-
cated adherence for the first several months, 
but use of the strategies declined and con-
verged over time. Although all three groups 
lost weight and kept most of it off over 1 
year, maintaining behavior changes to man-
age portion size remains a challenge. This 
conclusion is supported by another large 
randomized controlled trial that found that 
teaching portion-control strategies helped 
with weight loss at the 3-month follow-up 
but that effects on weight were not observed 
at 6 and 12 months (Poelman et al., 2015).

It is likely that no one portion-control 
strategy will be effective for everyone, and 
further research is needed to develop tailored 
treatments suited for different individuals. 
Techniques for maintaining adherence to in-
terventions that incorporate portion-control 
strategies into sustainable lifestyle changes 
are likely to improve long-term outcomes. 
Strategies to use the robust effect of portion 
size to promote consumption of healthy food 

options is considered later, as well as pos-
sible changes in the eating environment that 
make it easier to avoid the overconsumption 
associated with large portions of energy-
dense foods.

Energy Density
Evidence That Energy Density Affects 
Energy Intake
Foods low in nutrients but high in energy 
density (kcal/g or calories per gram), such as 
chips, crackers, candy, and cake, are perva-
sive and dominate the choices available in a 
variety of settings. Shifting people to health-
ier choices is difficult, not only because 
energy-dense foods are palatable and often 
preferred, but also because foods lower in 
energy density are frequently less available, 
less convenient, and more expensive. This 
is particularly problematic because the en-
ergy density of foods and beverages has a 
robust and significant effect on energy in-
take. Numerous studies show that people 
tend to eat a consistent weight or volume of 
food over a day, and if calories are densely 
packed into each bite, energy intake increas-
es (Perez- Escamilla et al., 2012; Rolls, Roe, 
& Meengs, 2010). Until recently, it was pre-
sumed that the fat in foods, which has more 
than twice as many calories per gram (9 
kcal/g) as carbohydrates or protein (4 kcal/g), 
was the main determinant of energy density. 
However, of the components of foods, water 
(0 kcal/g) has the greatest influence, since it 
adds substantial weight without adding en-
ergy and is the largest component on average 
of commonly consumed foods.

For the same amount of energy, a larger, 
more satiating portion can be consumed 
when the energy density is low. For exam-
ple, a 100 kcal snack of grape tomatoes (0.2 
kcal/g) would provide around 20 times more 
food by weight than 100 kcal of potato chips 
(4.0 kcal/g). Figure 6.1 shows how the range 
of energy densities found in typical diets 
influences the amount of food that can be 
consumed in a day at four different levels 
of daily energy intake. A growing body of 
evidence indicates that lowering the energy 
density of the diet by increasing the water 
content through the incorporation of foods 
such as vegetables or fruit, or by decreasing 
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the proportion of unhealthy fats or carbo-
hydrates, not only allows consumption of a 
satisfying amount of food but also reduces 
energy intake and improves diet quality 
(Perez-Escamilla et al., 2012; Rolls et al., 
2010).

Energy Density and Body Weight
Both laboratory and clinical trial data indi-
cate that reducing dietary energy density can 
be an effective approach for weight man-
agement. For example, in a year-long trial, 
women with obesity who were counseled to 
increase intake of vegetables and fruits and 
reduce fat intake had a larger reduction in 
dietary energy density and greater weight 
loss than those who were advised only to re-
duce fat intake (Ello Martin, Roe, Ledikwe, 
Beach, & Rolls, 2007). In the multicenter 
PREMIER trial that included three differ-
ent lifestyle interventions, dietary changes 
that led to a lower-energy-dense diet were 
correlated with greater weight loss after 6 
months, though as with all weight loss treat-
ments, there was considerable individual 
variability in response (Ledikwe et al., 2007; 
Figure 6.2). In addition to weight loss, reduc-
tions in energy density were associated with 
improved diet quality, indicating that this is 
a healthy strategy for weight management 
(Ledikwe et al., 2006). Furthermore, partic-
ipants who decreased dietary energy density 
reported eating a significantly greater weight 

of food. Increasing the amount of food con-
sumed while decreasing energy intake could 
contribute to the long-term acceptability of 
a low-energy-dense eating pattern because it 
could help to control hunger. In support of 
this possibility, additional clinical trials have 
reported that lowering dietary energy den-
sity helped patients maintain their weight 
loss. Greene et al. (2006) examined energy 
density values 2 years after participation in 
a weight loss program that encouraged con-
sumption of low-energy-dense foods. They 
found that individuals who maintained their 
weight loss reported eating a lower-energy-
dense diet than those who regained 5% or 
more of their body weight. In another trial, 
instruction on reducing dietary energy den-
sity led to sustained weight loss 36 months 
after the start of the intervention (Lowe, Bu-
tryn, Thomas, & Coletta, 2014).

Longitudinal studies of free-living indi-
viduals support data from clinical trials. In a 
6-year study, young women who reported a 
diet higher in energy density gained two and 
a half times as much weight as those report-
ing a diet lower in energy density (Savage, 
Marini, & Birch, 2008). Furthermore, in-
creases in dietary energy density were asso-
ciated with greater weight gain over 8 years 
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FIGURE 6.2. The relationship between dietary 
energy density and weight change after 6 months 
in the multicenter PREMIER trial that tested 
three weight loss strategies (n = 658). When re-
sults from participants in all three groups were 
combined, weight loss was significantly correlat-
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Ledikwe et al. (2007). Reprinted by permission.
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in a prospective study of 50,000 middle-age 
women (Bes-Rastrollo et al., 2008). Several 
systematic reviews (Perez-Escamilla et al., 
2012; Rouhani, Haghighatdoost, Surkan, 
& Azadbakht, 2016) and a meta-analysis 
(Stelmach-Mardas et al., 2016) confirmed 
that lower-energy-dense diets were associ-
ated with lower body weight.

Additionally, an analysis of data from a 
nationally representative sample of U.S. 
adults found that reported energy intake was 
lowest for people eating a low-energy-dense 
diet, even though they reported consuming 
the greatest amount of food in grams (Ledik-
we et al., 2006). This further indicates that 
a reduction in calories does not necessarily 
need to be accomplished by eating less food. 
A diet plan that severely restricts the amount 
of food a person consumes would likely lead 
to feelings of hunger and have unfavorable 
influences on the satisfaction with the diet 
and long-term compliance. However, labo-
ratory data, clinical trials, and observational 
data indicate that with a low-energy-dense 
diet, people can manage their energy intake 
without the need to eat less than they ha-
bitually consume.

Practical Strategies to Manage the Effects 
of Energy Density on Intake
An advantage to advocating a reduction in 
dietary energy density is that this approach 
is flexible and can be modified to fit with 
many types of healthy diets and personal 
preferences. It does not rely on restriction 
of food groups; instead, it emphasizes con-
suming larger portions of low-energy-dense 
foods and controlling portions of higher-
energy-dense foods. Using energy density as 
a guide to food choices not only enhances 
satiety but also directs consumers to foods 
that health professional encourage: vegeta-
bles, fruit, whole grains, legumes, soups, 
and lean protein sources. A number of well-
controlled studies have investigated different 
methods for reducing energy density, such 
as decreasing fat, increasing vegetables and 
fruits, adding water, and using fat or sugar 
substitutes (Bray et al., 2002; Rolls, 2009, 
2010). Although the sensory and biologi-
cal effects of these methods differ, they are 
all associated with decreased energy intake 

(Williams, Roe, & Rolls, 2013). This re-
search shows that individuals can use a vari-
ety of methods to reduce energy density, all 
of which can effectively decrease energy in-
take. Furthermore, a combination of meth-
ods can be used in order to modify foods 
for a more personalized and flexible dietary 
approach. Research suggests several specific 
strategies that can help individuals reduce 
the overall energy density of their diet.

Fill Up at the Start of a Meal

The standard method for determining the 
satiety value of a food is to ask study partici-
pants to consume a preload or first course 
of a fixed amount of food and then measure 
its effect on intake at the rest of the meal. 
Studies indicate that having a first course 
that was low in energy density (e.g., soup, 
salad, or fruit) reduced energy intake dur-
ing the entire meal, compared with having a 
first course higher in energy density or com-
pared to having no first course at all (Flood-
Obbagy & Rolls, 2009; Flood & Rolls, 
2007; Rolls, Roe, & Meengs, 2004). This 
strategy is most effective if the first course 
is a large portion of a very-low-energy-dense 
food that is less than 100 calories total. It is 
important to note that if the foods served at 
the rest of the meal are palatable and energy 
dense, people are still at risk of eating ex-
cess calories (Williams, Roe, & Rolls, 2014). 
Nevertheless, this strategy could have utility 
for weight management when incorporated 
into comprehensive behavioral programs. A 
small study found that consuming a low-en-
ergy-dense first course of salad and yogurt 
prior to the main course at both lunch and 
dinner reduced body weight over 3 months, 
compared to consuming these foods with the 
main course (Azadbakht, Haghighatdoost, 
Karimi, & Esmaillzadeh, 2013).

Substitute Lower‑Energy‑Dense Foods 
for Those Higher in Energy Density

Palatability and preferences play critical 
roles in food selection and intake; thus, 
modifying a person’s usual diet has the 
greatest likelihood of being sustained. Since 
people tend to eat a consistent weight of 
food over a day, the goal is to help them find 
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ways to substitute lower-energy-dense foods 
for those higher in energy density without 
sacrificing acceptability. One of the most ef-
fective strategies is to incorporate more wa-
ter-rich foods. For example, increasing con-
sumption of broth-based soups can increase 
satiety (Flood & Rolls, 2007), and if overall 
dietary energy density is reduced, can fa-
cilitate weight loss (Rolls, Roe, Beach, & 
Kris-Etherton, 2005). Simply drinking more 
water as a beverage along with a meal has 
not been found to be as effective in enhanc-
ing satiety as incorporating water into foods 
(Casazza et al., 2015; Rolls et al., 1999).

Substituting vegetables and fruits for 
more energy dense meal components can 
also be beneficial, not only because it lowers 
energy density, but also because it improves 
diet quality. Much recent research has fo-
cused on strategies to encourage consump-
tion of vegetables. They can be incorporated 
into meals in a variety of ways; for example, 
they can be served whole, chopped, shred-
ded, or puréed, depending on whether they 
are provided as a side dish or incorporated 
into a main dish (Bell, Castellanos, Pelk-
man, Thorwart, & Rolls, 1998; Rolls, Roe, 
& Meengs, 2006). Covertly incorporating 
puréed vegetables has been shown to be par-
ticularly effective in increasing vegetable in-
take and lowering daily energy intake, even 
in people who dislike vegetables (Blatt, Roe, 
& Rolls, 2011).

A number of short-term studies indicate 
that reductions in energy density related to 
the incorporation of vegetables have a sig-
nificant impact on energy intake over several 
days. However, simply advising people to eat 
more vegetables has not been found to re-
duce body weight unless dietary energy den-
sity is reduced (Casazza et al., 2015). The 
available data indicate that weight manage-
ment messages about increasing vegetable 
and fruit intake should be accompanied by 
specific strategies to reduce energy intake, 
such as filling up on them first and incor-
porating them into recipes. These messages 
must emphasize that it is important to sub-
stitute vegetables and fruits for more energy 
dense foods with the goal of reducing the 
overall energy density of the diet.

Tools are available to help people shift the 
proportions of foods that compose meals or 
snacks so that lower-energy-dense options 

displace those higher in energy density. For 
example, a variety of plates can be found 
online that illustrate the message in Dietary 
Guidelines MyPlate, published by the U.S. 
Department of Agriculture (2016), which 
encourages consumers to fill half their plate 
with vegetables and fruits. In support of the 
effectiveness of this advice, a study found 
that increasing the portion size of a low-
energy-dense vegetable served at a meal sig-
nificantly increased vegetable intake (Rolls 
et al., 2010). An increased serving of veg-
etables to replace other more energy-dense 
meal components also reduced overall en-
ergy intake. Although plates that encourage 
increased proportions of healthy meal com-
ponents have some efficacy for weight man-
agement (Huber et al., 2015; Kesman et al., 
2011; Pedersen et al., 2007), this strategy 
may be effective only if those components 
are palatable enough to displace higher-cal-
orie options (Roe et al., 2016). Another cau-
tionary note is that simply reducing the size 
of dishware, a strategy often suggested to 
counter the portion-size effect (Hollands et 
al., 2015), has not been consistently shown 
to influence intake (Robinson et al., 2014; 
Rolls, Roe, Halverson, & Meengs, 2007). 
Indeed, one study found that with smaller 
plates, people cut down on the proportion 
of vegetables rather than high-energy-dense 
items when serving themselves from a buffet 
(Libotte, Siegrist, & Bucher, 2014).

Data indicate that reducing dietary energy 
density can facilitate weight management, 
and resources are available that teach prop-
er implementation of this approach (Centers 
for Disease Control and Prevention, Division 
of Nutrition, Physical Activity, and Obesity, 
2008; Rolls, 2012). However, more studies 
are needed to understand how to increase 
preferences for healthy, low-energy-density 
foods and to facilitate the maintenance of 
low-energy-dense eating habits. If people 
were to adopt these habits, they would be 
able to eat satisfying amounts of foods, ap-
propriate for meeting both energy and nutri-
ent needs. However, long-term compliance 
with any diet that requires deliberate and 
sustained changes in established eating hab-
its is difficult. A key question addressed later 
is how the food environment can be modi-
fied to help people lower the energy density 
of their diets and eat appropriate amounts.



 Portion Size, Energy Density, and Variety 99

Dietary Variety
Evidence That Dietary Variety Affects 
Energy Intake
For omnivores such as humans, variety in 
the diet is key for obtaining nutritional bal-
ance. However, the availability of a wide va-
riety of palatable, high-calorie foods makes 
selection of nutritious, lower-energy-dense 
options difficult and can drive up energy 
intake. Laboratory-based studies show that 
people eat more during a meal consisting of 
a variety of foods than during a meal with 
a single food (Rolls et al., 1981). Even simi-
lar foods presented in a variety of flavors or 
forms can enhance intake. Offering sand-
wiches with different flavors of fillings or 
pasta with different shapes increased energy 
intake compared to when the participants 
were offered a single flavor or a single shape. 
The variety of available foods and beverages 
is one of the most consistent influences on 
energy intake and affects people regardless 
of weight status (Johnson & Wardle, 2014). 
This holds true for individuals of all ages, 
though the effect declines over the lifespan, 
as do most variety-seeking behaviors (Rolls 
& McDermott, 1991).

The influence of variety on energy intake 
is related to changes in the palatability of a 
food as it is consumed. Although palatabil-
ity is a primary determinant of food choice 
and intake, the palatability of a particu-
lar food is not constant; it declines as that 
food is consumed. This decrease in the pal-
atability of a food as it is eaten, relative to 
other foods, is called sensory-specific satiety 
(Rolls, 1986). Sensory-specific satiety leads 
to cessation of consumption of the food 
being eaten and promotes consumption of 
other foods, especially those with very dif-
ferent sensory properties.

When a variety of foods and beverages are 
available, sensory-specific satiety helps to en-
sure that a balance of nutrients is consumed; 
however, increased variety can lead to per-
sistent excess energy intake and promote 
obesity. In a laboratory-based study, access 
to a greater variety of foods and beverages 
with different sensory properties led to a sus-
tained increase in energy intake over 7 days 
(Stubbs, Johnstone, Mazlan, Mbaiwa, & 
Ferris, 2001). Observational data support a 
relationship between food variety and body 

weight, but this relationship depends upon 
the types of foods that participants report 
they have consumed. Roberts and colleagues 
found that a dietary pattern consisting of a 
variety of foods with a high-energy content 
was associated with higher body mass index 
values among a representative sample of 
older U.S. adults (Roberts, Hajduk, How-
arth, Russell, & McCrory, 2005). In anoth-
er study examining food consumption pat-
terns, there was a direct correlation between 
intake of relatively high-energy-dense foods 
and adiposity (McCrory et al., 1999). Body 
fatness was positively correlated with the va-
riety of sweets, snacks, condiments, entrées, 
and carbohydrates consumed by study par-
ticipants. Conversely, consuming a greater 
variety of lower-energy-dense foods such as 
vegetables was associated with having less 
body fat.

Variety and Weight Management
The role of dietary variety in weight man-
agement is not well understood, despite the 
role that restriction of variety plays in many 
regimes (Johnson & Wardle, 2014; McCro-
ry, Burke, & Roberts, 2012). Several inves-
tigators have conducted secondary analyses 
of the association between weight loss and 
food variety in diets consumed by partici-
pants in behavioral weight loss trials. In an 
18-month clinical trial, greater weight loss 
was associated with increases in the variety 
of vegetables consumed and with decreases 
in the variety of high-fat foods and sweets 
(Raynor, Jeffery, Tate, & Wing, 2004). A 
similar association of greater healthful di-
etary variety with changes in body weight 
and adiposity over 2 years was found in the 
multicenter POUNDS Lost trial (Vadiveloo, 
Sacks, Champagne, Bray, & Mattei, 2016). 
Despite the clear association of dietary va-
riety to the overconsumption of energy, the 
extrapolation of this understanding to clini-
cal practice remains a challenge. In an 18-
month randomized clinical trial aimed at 
evaluating the effect of limiting the variety 
of energy-dense foods, reduced intake of 
the targeted foods was found, but weight 
loss was not increased (Raynor & Oster-
holt, 2012). The authors concluded that they 
may have needed to limit the variety of more 
foods than they targeted.
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In a thoughtful review, Johnson and 
Wardle (2014) suggest several approaches to 
countering the variety effect. One approach 
could be to help people structure their per-
sonal environment to reduce their exposure 
to varied energy-dense foods. Another ap-
proach could be to teach people to be aware 
of the effects of variety and provide skills to 
manage intake when many choices are avail-
able. Although there are few data to support 
these suggestions, several studies indicate 
that the greater availability of a variety of 
fruits or vegetables can increase intake of 
such foods (Meengs, Roe, & Rolls, 2012; 
Raynor & Osterholt, 2012). Thus, rather 
than restricting variety, which is difficult 
to maintain for omnivores, perhaps people 
should be urged to stock their environments 
with an appealing variety of nutritious, low-
energy-dense options that will help them to 
resist tempting, high-calorie foods (Rolls, 
2012).

A key issue with all strategies that aim to 
limit energy intake by changing properties 
of foods and diets that could influence in-
take is obtaining a balance between what is 
effective and what is sustainable. Reductions 
in portion size, energy density, and dietary 
variety are all associated with lower intake 
and can facilitate weight loss. However, in 
the current obesogenic environment charac-
terized by large portions of a variety of pal-
atable, energy-dense foods, the maintenance 
of long-term energy balance remains a chal-
lenge (MacLean et al., 2015).

Managing the Obesogenic 
Food Environment

A dominant question among research-
ers, clinicians, and policymakers is how to 
counter the environmental facilitation of 
overconsumption. A range of strategies has 
been proposed, including education and nu-
tritional information such as menu labeling, 
restriction of sugar-sweetened beverages, 
increased promotion and availability of low-
energy-dense foods such as vegetables and 
fruits, more opportunities to choose smaller 
portions of energy-dense foods, and pricing 
or tax incentives to encourage selection of 
appropriate portions of nutrient-dense, low-
energy-dense foods. A summary of some 

interventions that have been proposed to 
modify the food environment is provided in 
Figure 6.3 (Kral & Rolls, 2011; Marteau, 
Hollands, Shemilt, & Jebb, 2015; Riis, Fish-
er, & Rowe, 2016; Steenhuis & Vermeer, 
2009). Although the long-term effectiveness 
of such interventions is not known, policy-
makers have begun to implement some that 
could provide immediate benefit to consum-
ers. Consideration of the numerous proposed 
strategies is beyond the scope of this review, 
but several related to portion control and 
food choice that have immediate potential 
to be incorporated into weight-management 
programs are introduced.

Among the food properties of concern, 
portion size has often been targeted for in-
tervention. The dietary guidelines published 
in 2010 by the U.S. Department of Agricul-
ture and the U.S. Department of Health and 
Human Services encouraged the public to 
“enjoy your food, but eat less” and to “avoid 
oversized portions.” Although the 2015 di-
etary guidelines abandoned this portion-
control strategy in favor of a recommenda-
tion to adopt a healthy eating pattern with 
appropriate calorie levels, the use of My-
Plate guidance remains, and similar advice 
about appropriate proportions of meal com-
ponents is utilized in other countries (U.S. 
Department of Health and Human Services 
& U.S. Department of Agriculture, 2015). 
As mentioned previously, this type of tool 
can be used easily in weight loss treatments 
to help patients make appropriate decisions 
about what and how much to eat. This ap-
proach can be particularly helpful since 
many such decisions are often made before 
eating starts; for example, when shopping 
and ordering, as well as when determining 
how much to serve at a meal (Brunstrom, 
2014).

Several other recent policies have the po-
tential to help consumers make better choic-
es. One of these—labeling the energy con-
tent on menus—could assist customers not 
only in making comparisons of similar of-
ferings, but also could encourage restaurants 
to provide lower-calorie options ( Bleich, 
Wolfson, Jarlenski, & Block, 2015). To de-
termine effectiveness, a recent review and 
meta-analysis found that menu labeling did 
help to reduce energy ordered and consumed 
(Bleich et al., 2015; Littlewood, Lourenco, 
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Iversen, & Hansen, 2016); however, another 
review questioned the effectiveness for in-
dividuals in lower socioeconomic positions 
(Sarink et al., 2016), perhaps because they 
do not use the labels or do not understand 
them (Schindler, Kiszko, Abrams, Islam, & 
Elbel, 2013). Consumer use of nutritional 
labels, not only on menus but also on foods, 
is driven primarily by consumer belief in the 
importance of a healthy diet and motiva-
tion (Kerr, McCann, & Livingstone, 2015). 
As policymakers and food providers work 
to make labels clearer and more salient, it 
will be important to include education about 
their use in weight management programs.

Concluding Remarks

Increases in portion size, energy density, 
and variety can promote overconsumption 
leading to excess body weight. Even minor 

changes in these food properties could help 
moderate energy consumption and produce a 
more healthful eating environment. In addi-
tion to such changes, it is important for con-
sumers to recognize the influence of various 
environmental factors on their food choices 
and intake. Ultimately, consumers must un-
derstand and accept the value to their over-
all health of eating a nutritious and balanced 
diet. Weight management programs should 
encourage the consumption of a variety of 
foods that are low in energy density, such as 
vegetables and fruits, while promoting more 
moderate portions of nutrient-poor foods 
that are high in energy density. Educational 
messages that encompass interrelationships 
between the various nutritional and envi-
ronmental factors that can influence food 
intake and body weight are more likely to be 
effective than messages focusing on a single 
property of food or aspect of the obesogenic 
environment.

 

Manage 
obesogenic 
environment 

Physical environment  
• Decrease portions of high-ED foods 
• Provide larger portions of low-ED foods 
• Provide greater range of portion sizes 
• Make low-ED foods more convenient  
• Display “right-size” prompts 
• Develop portion-control technology 

Economic environment 
• Make prices of smaller portions more competitive 
• Improve value of low-ED foods 
• Use linear pricing on menus 
• Tax large portions 
• Reexamine subsidy policies 

Political environment 
• Require formulation standards 
• Standardize portion/package sizes 
• Restrict large portions of high-ED foods 
• Reward innovation to “right-size” 
• Mandate clearer menu and package labeling 

Personal/community environment 
• Improve nutrition knowledge 
• Use tools such as MyPlate to guide choices 
• Develop a healthy personal environment 
• Encourage community/social movements to 

improve food choices 

FIGURE 6.3. Schematic of some of the numerous interventions that provide opportunities to moderate 
the current obesogenic eating environment. ED, energy density.
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Physical activity as a behavior is central to 
the global health problem of obesity and its 
associated morbidities. In the present chap-
ter, we focus on the metabolic demands of 
physical activity and the contributions of 
regular physical activity to the prevention 
and etiology of weight gain and obesity. 
This review emphasizes adult weight gain 
and regain, all types of activities, metabolic 
responses to physical activity, and the regu-
lation of energy balance. The role of physical 
activity level in the treatment of obesity and 
its effects on the metabolic profile of obese 
individuals is not addressed.

A central issue is whether physical activ-
ity energy expenditure associated with oc-
cupational work, leisure-time activities, 
spontaneous activities, and fidgeting makes 
a significant contribution to energy balance 
or attenuates weight gain when energy in-
take exceeds total energy expenditure. Even 
though commonsense reasoning suggests 
that the response to the above queries is a 
resounding “yes,” and is a truism in a sense, 
strong and irrefutable evidence in support 
of this reasoning has been difficult to ob-
tain. Moreover, the science reported to date 
has emphasized group-level differences and 

mean effect sizes, and it is now critical to 
evaluate to what extent group-level evidence 
tracks at the individual level.

Until an “obesity vaccine” is found, and 
it is a long shot (Ruttimann, 2012), or until 
we learn how to tweak the biology of some 
aspects of the regulation of energy balance 
(e.g., enticing some white fat cells to become 
more thermogenic), we are left with a lim-
ited number of options in the endeavor to 
prevent unhealthy weight gain. Hence, the 
current obesity research literature reveals 
a persistent interest in energy expenditure 
from physical activity as a means to main-
tain a healthy body weight.

Physical Activity Metrics and Energetics

There is still a lot of debate about the spe-
cific events in our evolutionary history that 
have led to current body mass, body propor-
tion and composition, and the systems regu-
lating energy balance. However, there is gen-
eral agreement that a better understanding 
of the evolutionary biology of body weight 
would provide insights on biological and be-
havioral mechanisms. On this topic, the sci-
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ence is still in a state of flux, with widely di-
vergent positions. Some have proposed that 
a sedentary lifestyle devoid of periodic bouts 
of physical activity betrays our evolutionary 
history and biology (Mattson, 2012). In con-
trast, others have gone as far as to proclaim 
that “it is time to bust the myth of physi-
cal inactivity and obesity,” as if sustained 
physical inactivity had nothing to do with 
the variability of body weight (Malhotra, 
Noakes, & Phinney, 2015).

It is obvious to a biologist that the human 
body is “built” to be able to perform physi-
cal activity of multiple types with variable 
intensities and durations. Along with many 
others, we believe that our capacity for sus-
tained physical activity, and perhaps our 
high muscular and physiological fitness, 
evolved under evolutionary pressures that 
rewarded those who were sufficiently gifted 
to survive until the age of reproduction. It is 
also likely that enhanced coordination and 
motor skill development were also selected 
for during the process (Malina & Little, 
2008). In this context, it would be surpris-

ing if there had been no selective pressure on 
the capacity to store energy during periods 
of affluence and to mobilize energy stores in 
times of need. However, these systems are 
extremely complex, and their evolutionary 
roots have not yet been fully elucidated, de-
spite decades of intensive research.

Classification of Physical Activity Intensities
One important issue is normative: What are 
the intensity and duration levels of activity 
that can be executed by adults of both gen-
ders in relation to the level of stress that these 
levels impose on the organism? We begin to 
address this question with a table displaying 
the intensity of physical activity expressed as 
the number of METs (metabolic equivalent; 
multiples of the resting energy expenditure 
measured in the sitting position), defined in 
ml O2/kg weight/minute, with 1 MET being 
equal to 3.5 ml O2/kg/minute (Table 7.1). 
Expressing the intensity values in METs has 
the advantage of standardizing the values 
for differences in body weight and essen-

TABLE 7.1. Classification of Physical Activity Intensities for Four Levels of Maximal Aerobic Power

Categories Rest Light Moderate Hard
Very hard 
to maximal

% HR maxa Variable 30–50 51–75 76–90 91–100

Perceived 
exertionb

0 1–3 4–6 7–8 9–10

Breathingc Normal Slight increase Greater increase More out of 
breath

Completely out of 
breath

Body 
temperaturec

Normal Start to feel 
warm

Warmer Quite warm Very hot; 
perspiring heavily

VO2 max = 
15 METsd

1 4–7.4 7.5–11.2 11.3–13.5 13.6–15

VO2 max = 
10 METsd

1 3–4.9 5.0–7.4 7.5–8.9 9–10

VO2 max = 
5 METsd

1 1.5–2.5 2.6–3.7 3.8–4.5 4.6–5

Note. HR max, maximal heart rate; VO2 max, maximal oxygen consumption.
aPercentage of maximal heart rate reached in a progressive test to exhaustion.
bPerceived exertion as assessed on a 10-point scale.
cFrom Warburton (2010).
dEstimated from previous classification schemes (Bouchard & Shephard, 1994; Howley, 2001; Warburton, 2010).
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tially eliminates the need for gender-specific 
values when scaled to maximal aerobic ca-
pacity. The table recognizes four levels of 
intensity ranging from “light” to “very hard 
to maximal.” It also provides indications on 
the energy costs of these intensity categories 
(expressed in METs) for three levels of car-
diorespiratory fitness. These three levels of 
fitness are typical of the average values ob-
served in adults of increasing age: 15 METs 
for active young-adult males; 10 METs for 
healthy adults 40–60 years; and 5 METs for 
males around 80 years. The average MET 
values in women are about 2 METs lower 
than the average male, except in the older 
age category, where both genders have com-
parable values.

Intensity is the most challenging dimen-
sion of any physical activity program to de-
fine. It is greatly influenced by multiple fac-
tors, including the cardiorespiratory fitness 
level and exercise tolerance of the partici-
pant, level of habituation with the activity 
and history of recent exposures, age of the 
participant, overall cardiometabolic health, 
etc. In the case of weight gain and obesity 
prevention, there may be an advantage in 
focusing on an intensity range that would 
allow for longer duration of physical activity 
sessions and a higher frequency of exposures 
to maximize energy expenditure. These in-
tensity conditions are typically found in the 
class of moderate intensity as defined in Table 
7.1. However, this does not mean that activi-
ties performed at lower or higher intensities 
do not contribute to the prevention of weight 
gain. Quite the contrary! If substantial levels 
of physical-activity-related daily energy ex-
penditure can be accumulated through ac-
tivities executed at light or hard intensities, 
one can expect to experience weight control 
benefits. Actually, there may be additional 
weight control benefits from engaging in ac-
tivities in the hard and very-hard intensity 
range. For instance, these activities generate 
higher sympathetic nervous system activity, 
require flexibility in the metabolic fuel mix 
oxidized to meet the energy demands, cause 
a higher muscle glycogen mobilization, and 
result in a larger and more prolonged excess 
postexercise oxygen consumption (EPOC). 
However, it has been challenging to obtain 
convincing evidence for these benefits in 
free-living individuals.

Measuring Physical Activity Level Outside 
of the Laboratory
Quantifying the energy expenditure of a 
physical activity program outside of the 
laboratory represents a challenge, but it can 
be done. Reasonable estimates of energy ex-
penditure can be obtained by taking into ac-
count the nature of the particular activity, its 
intensity, the duration of each session, and 
the frequency of these sessions. Of these fac-
tors, the intensity of activity is the most dif-
ficult one to quantify in free-living persons. 
One practical solution is to rely on existing 
tables of the average or median MET values 
of commonly practiced activities. The most 
comprehensive of these resources is that pro-
duced by Barbara Ainsworth and colleagues 
(Ainsworth et al., 2011a). The most recent 
version of the Compendium of Physical Ac-
tivities (the MET values) is available and 
updated periodically at https://sites.google.
com/site/compendiumofphysicalactivities/
compendia (Ainsworth et al., 2011b). Fine-
tuning of the estimated value of an activity 
can be attempted using some of the indica-
tors of intensity as defined in Table 7.1, such 
as perceived exertion, breathing, and body 
temperature indicators. The overarching 
goal is to come up with a global estimate of 
MET-minutes per week of physical activity 
so that progressive increases in the dose of 
physical activity can be programmed in an 
orderly manner.

Historically, physical activity has been 
measured using questionnaires, the vast ma-
jority of which rely on self-report of physical 
activity to determine the frequency, dura-
tion, intensity, and type of physical activity 
(Epstein, Miller, Stitt, & Morris, 1976). The 
principal concern with the use of question-
naires to assess physical activity is related 
to the accuracy of recall and reporting bias, 
which is well documented. Self-report ques-
tionnaires were shown to be accurate when 
describing high-intensity physical activity 
but not low-to-moderate intensity physical 
activity (Ainsworth, Richardson, Jacobs, 
Leon, & Sternfeld, 1999), a finding con-
firmed by others (Strath, Bassett, & Swartz, 
2004). Of further concern is the inability to 
reconcile self-reports with direct measures 
of physical activity such as the accelerom-
etry. Several reports suggest that the subjec-
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tive error inherent in self-reported physical 
activity is not systematic but random, and 
thus the direction of the error in self-report-
ed assessment of physical activity is unclear 
(Welk et al., 2014).

The recent development of wearable mon-
itors that provide measures of physical activ-
ity in free-living settings represents a major 
advancement in the field. Wearable monitors 
provide more accurate assessments of physi-
cal activity in comparison to self-reported 
physical activity behaviors obtained from 
questionnaires (Westerterp, 2009). How-
ever, the availability of numerous monitors 
that vary in complexity, placement, and 
output presents a challenge to the practi-
tioner, because at present there is no single 
gold-standard wearable monitor (Freedson, 
Bowles, Troiano, & Haskell, 2012). Moni-
tor selection varies greatly and depends on 
a number of factors, including the specific 
component of physical activity of interest, 
the target population of interest, cost, and 

the required precision (Table 7.2). For a 
more detailed consideration of the strengths 
and weaknesses of available wearable devic-
es, the reader is encouraged to review Ain-
sworth, Cahalin, Buman, and Ross (2015).

Depending on the physical activity that 
is pursued, step counting may provide a 
useful approach to the quantification of 
the amount of activity performed (Tudor-
Locke et al., 2012). Step counting works 
particularly well with walking and jogging 
programs. The number of steps per session, 
together with information on the number 
of sessions per week, can provide valuable 
information on the volume of activity and 
allow for a systematic increment in the dose 
of energy expended over time. However, for 
the derivation of the energy expenditure of 
such programs, it would still be important 
to start with the estimated MET values from 
the Compendium. The number of steps ex-
ecuted over a known period of time would 
offer an additional means to fine-tune the 

TABLE 7.2. Overview of Qualitative and Quantitative Components of Physical Activity and Related 
Metrics and Recommended Wearable Monitor Use in Free‑Living Settings

Component Common outputs (units)
Self-report tool 
recommendations

Wearable monitor

Type Placement Cost

Quantitative Components

Total PA Energy expenditure (kcal) Diary; quantitative 
history

HRM, MSS Upper and 
lower body

+++

Duration, 
frequency, 
intensity, 
and domain

Sedentary (minute); light 
(minute), moderate (minute); 
and vigorous (minute)

Short-term recall; 
quantitative history

Accelerometer, 
HRM

Hip, wrist ++

Qualitative Components

General PA 
level

Meeting guidelines vs. no; 
active vs. inactive

Global; PA log Accelerometer Hip ++

Postural 
allocation

Sitting (% time); sit-to-stand 
transitions (no./hour)

Short-term recall Inclinometer, 
accelerometer

Thigh ++

Walking Steps (no./day); cadence 
(steps/minute); distance (m)

n/a Pedometer Ankle, hip, 
wrist

+

Activity 
type

Jogging (minute); running 
(minute); cycling (minute)

Short-term recall; 
quantitative history

Accelerometer, 
MSS

Unknown ++

Note. PA, physical activity; MSS, multisensor system; HRM, heart rate monitor; +, relatively inexpensive; ++, moderately 
expensive; +++, relatively expensive. From Ainsworth, Cahalin, Buman, & Ross (2015). The current state of physical 
activity assessment tools. Progress in Cardiovascular Diseases, 57(4), 387–395. Copyright © 2015 Elsevier. Reprinted by 
permission.
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definition of the intensity of the activity. 
Other approaches with potential application 
at the individual level are also available (see 
Westerterp, 2013).

Physical Activity Guidelines and Prevention 
of Weight Gain
What is a reasonable level of activity-related 
energy expenditure that could be of value in 
prevention of weight gain? Common sense 
suggests that the higher the energy expendi-
ture resulting from a physically active life-
style, the greater the benefit in preventing 
weight gain. For adults, the Physical Activity 
Guidelines for Americans recommend 150–
300 minutes of activity at moderate intensity 
per week (U.S. Department of Health and 
Human Services, 2008). This translates into 
500–1,000 MET minutes/week of physi-
cal activity. What does this mean for body 
weight regulation? One approach is to use 
the guidelines’ recommendation to estimate 
the number of calories potentially expended.

If we assume that an adult woman weigh-
ing 70 kg is walking 50 minutes/day, five 
times a week, at an intensity of 4 METs, we 
have a total of 1,000 MET minutes/week. To 
derive the caloric expenditure of this level of 
physical activity, we can use the following:

4 Mets × 3.5 × 70 kg/200 =  
4.9 kilocalories (kcal)/minute

where 3.5 and 200 are both constants. Then 
we have

4.9 kcal × 250 minutes =  
1,225 kcals/week of energy expenditure

To obtain the net energy expenditure as-
sociated with this physical activity program, 
we need to subtract the amount of energy 
that would have been expended at rest. 
In this case, the resting expenditure for a 
woman of her weight would be about 225 
kcal over the 250 minutes. Thus, the net en-
ergy expenditure of her physical activity reg-
imen would be about 1,000 kcal/week. This 
level of expenditure would be lower for a 
lighter-weight person or higher for a heavier 
person. Age, gender, or ethnicity would have 
little effect on this estimate. If the same per-
son was engaging in physical activity only 

at the low end of the guidelines—that is, for 
150 minutes/week at the same intensity—
her program net energy expenditure would 
be about 600 kcal/week. What is the poten-
tial impact of this level of physical activity 
on the mobilization of fat stores and on car-
bohydrate and lipid balance?

When someone engages in physical activ-
ity in a relative steady state, information on 
the proportion of lipids and carbohydrates 
oxidized to meet the energy demands of 
the activity can be derived from the mea-
surement of the respiratory exchange ratio 
(RER). The RER is the ratio of carbon di-
oxide expired (VCO2) to oxygen consumed 
(VO2) under steady-state conditions, as-
suming that there is no contribution from 
proteins to the metabolic fuel being oxi-
dized (VCO2/VO2) or correcting for nitro-
gen catabolism when appropriate. Based 
on chemical studies, we know that when a 
gram of lipid is fully oxidized, the RER is 
0.70, whereas it reaches 1.0 when a gram of 
carbohydrate is fully oxidized. RER values 
across the 0.70–1.0 range are listed in Table 
7.3 along with the % lipids and carbohy-
drates that contribute to the metabolic fuel 
oxidized for various classes of RER. The 
lower the RER, the higher the proportion of 
lipids in the metabolic fuel mix oxidized. In 
contrast, a high RER reflects a high propor-
tion of metabolized carbohydrates.

RER measurements performed when en-
gaging in steady-state physical activity can 
give useful information about the contri-
butions of carbohydrates and lipids to the 
energy demands of the workload. Such ex-
periments have been performed across a 
whole range of physical activity intensities; 
the main findings are graphed in Figure 
7.1. The two curves represent the contribu-
tion of each metabolic fuel to the energy re-
quirements of exercise in the range from 20 
to 100% of maximal working capacity. As 
intensity increases, the proportion of lipids 
oxidized in the metabolic fuel mix decreas-
es. Conversely, the proportion of carbohy-
drates oxidized increases, until almost all of 
the energy needs are met by carbohydrates at 
maximal intensity. Of particular interest for 
the topic of the present chapter is the inten-
sity zone ranging from about 40 to 75% of 
maximal working capacity. Lipid oxidation 
contributes about 50% of the energy needs 
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in the lower intensity end of this exercise 
range, decreasing to 25% in the higher in-
tensity end of the energy needs. This finding 
suggests that engaging regularly in physi-
cal activity pursuits in this intensity range 
could play an important role in maintain-
ing lipid balance or inducing a negative lipid 
balance. However, higher-intensity exercise 
programs resulting in high levels of energy 
expenditure can also lead to negative lipid 
balance. Recall that 1 g of fat is the energy 
equivalent of 9 kcal.

At light intensity, after fasting for several 
hours, the energy needs of activity are pri-
marily met by the oxidation of fatty acids. 
Interestingly, the proportion and the amount 
of lipids oxidized increase with the duration 
of exercise, particularly when the intensity 

is in the range of about 40–75% of maxi-
mal working capacity. This is schematically 
illustrated in Figure 7.2. In this case, a mod-
erately active person is exercising at about 
65% of maximal for a period of 2 hours. In 
the first 30 minutes, muscle glycogen and 
blood glucose contribute about 50% of the 
energy needs, and the remainder comes from 
oxidation of plasma free fatty acids (FFA) 
and muscle triglycerides. Over time, plasma 
FFA provides a growing proportion of the 
energy needs of the exercising individual—
that is, up to about 40% at 2 hours. This 
increase in plasma FFA oxidation is sup-
ported by FFA releases from adipose tissue 
depots. Oxidation of glucose after muscle 
uptake from circulating blood glucose is also 
on the rise over time, and the contribution 
of muscle glycogen decreases progressively 
over the 2-hour period. With regular expo-

TABLE 7.3. Percentage of Carbohydrates and Lipids Oxidized to Meet the Energy Needs, 
Assuming no Contribution from Proteins, Based on the Respiratory Exchange Ratio

RER % lipid % carbohydrate kcal/L of O2 Grams of lipids/L of O2

0.70 100 0 4.69 0.50

0.75 83 17 4.74 0.43

0.80 67 33 4.80 0.35

0.85 50 50 4.86 0.26

0.90 33 67 4.92 0.18

0.95 17 83 4.98 0.09

1.00 0 100 5.05 0.00

Note. RER, respiratory exchange ratio; O2, oxygen.

FIGURE 7.1. Changes in the predominant source 
of metabolic fuel with increases in the intensity 
of activity being pursued. With increasing inten-
sity, carbohydrate sources contribute more of the 
energy needs.
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sure to exercise, the contribution of lipids to 
the metabolic fuel mix increases even more. 
This increase is a reflection of an improv-
ing metabolic flexibility that is progressively 
acquired by most individuals when they are 
physically active. The interested reader will 
find a more detailed treatment of these bio-
energetics issues elsewhere (Brooks, 2012; 
Coyle, 1995; Kenney, Wilmore, & Costill, 
2015; McArdle, Katch, & Katch, 2016; 
Powers & Howley, 2015).

Among the lessons learned from the pre-
ceding comments on bioenergetics that 
are particularly relevant to maintaining a 
healthy body weight, a fundamental lesson 
is that moderate to large amounts of calories 
can be expended by regular physical activ-
ity, provided the activity is in an appropriate 
intensity range and for long duration. The 
higher the volume of physical activity, the 
higher the energy expenditure. One other 
important lesson is that an exercising person 
mobilizes and oxidizes many grams of fat to 
meet the energy needs of the physical work 
being performed. Since the maintenance of a 
normal body weight requires the prevention 
of excessive fat storage, engaging in physi-
cal activity for a sufficiently long duration 
offers a strong behavioral approach to pre-
venting positive fat balance, which is the 
cornerstone of adipose tissue mass expan-
sion. Moreover, regular exposure to physi-
cal activity improves metabolic flexibility, 
which is an important health benefit, in and 
of itself, but also favors a stable and healthy 
body weight.

Sedentary Time and Risk of Weight Gain 
and Obesity

Although this chapter focuses on the role of 
physical activity in regulating body weight, 
there is emerging interest in the health ef-
fects associated with sedentary behavior, 
including the risk of obesity. Sedentary 
behavior has been defined as “any waking 
behavior characterized by an energy ex-
penditure ≤1.5 METs while in a sitting or 
reclining posture” (Sedentary Behaviour 
Research Network, 2012, p. 540). In recent 
years, there has been a move to consider 
sedentary behavior as a distinct behavioral 
paradigm, one that may be somewhat inde-

pendent of physical activity per se (Owen, 
Healy,  Matthews, & Dunstan, 2010). For 
example, one could easily envision a situa-
tion where someone is meeting the recom-
mendations for moderate-to-vigorous physi-
cal activity, yet is still excessively sedentary 
for the remainder of the day.

Recent technological advances such as 
the development of accelerometers and in-
clinometers have allowed for the quantita-
tive measurement of time spent in seden-
tary behavior. Although these measurement 
techniques are beginning to be applied more 
widely in large-scale epidemiological stud-
ies, most of the research on the health ef-
fects of sedentary behavior has been con-
ducted using questionnaires that ask about 
time spent in specific sedentary behaviors 
such as TV viewing (Grontved & Hu, 2011) 
or time spent sitting (Katzmarzyk, Church, 
Craig, & Bouchard, 2009). Cross-sectional 
studies have shown that obese individuals sit 
for a longer duration on a daily basis com-
pared to lean individuals (Harrington, Bar-
reira, Staiano, & Katzmarzyk, 2014; Levine 
et al., 2005). For example, results from the 
U.S. National Health and Nutrition Exami-
nation Survey (NHANES) indicated that 
obese women sat for a significantly greater 
amount of time compared to overweight and 
normal-weight women (Harrington et al., 
2014). However, there were no significant 
differences in sitting time between body 
mass index (BMI) categories in men.

There is suggestive but conflicting evidence 
based on longitudinal studies as to whether 
or not sedentary behavior is positively re-
lated to weight gain and obesity in adults 
(Proper, Singh, van Mechelen, & Chinapaw, 
2011; Thorp, Owen, Neuhaus, & Dunstan, 
2011). Given the lack of high-quality stud-
ies and the inconsistent measures of seden-
tary behavior used in the literature (i.e., TV 
viewing vs. sitting vs. total sedentary time), 
it is difficult to derive summary estimates 
of risk based on meta-analyses. However, 
prospective results from the Nurses’ Health 
Study demonstrate a dose–response associa-
tion between baseline levels of TV viewing 
and the subsequent development of obesity 
over 6 years of follow-up among 30- to 
55-year-old women who were not obese at 
baseline (Figure 7.3; Hu, Li, Colditz, Wil-
lett, & Manson, 2003).
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Leisure Time Physical Activity and Risk 
of Weight Gain and Obesity
Based on a literature review of available 
longitudinal studies, Di Pietro (1999) con-
cluded that physical activity was effective at 
attenuating weight gain among adults, even 
more so than it was at inducing weight loss. 
Subsequently, Di Pietro and colleagues ex-
plored the association between changes in 
physical activity and the trajectory of weight 
change over 5 years in 2,501 healthy middle-
age men in the Aerobics Center Longitudi-
nal Study (Di Pietro, Dziura, & Blair, 2004). 
The results showed that men who main-
tained their initial level of physical activity 
over time experienced weight gain over the 
5-year period, whereas men who increased 
their physical activity levels from baseline to 
follow-up (either from low to moderate or 
from low to high) experienced attenuation 
of weight gain or even some weight loss (Di 
 Pietro, 1999). These results demonstrate 
that physical activity is important in main-
taining body weight over time.

A common limitation in studies of physi-
cal activity and obesity has been the inabil-
ity to precisely measure physical activity 
levels. A recent study attempted to overcome 

this limitation by carefully monitoring mod-
erate-to-vigorous physical activity (MVPA) 
levels with a wearable monitor (multisensor 
armband) and measuring changes in adiposi-
ty over time using dual-energy X-ray absorp-
tiometry (DXA; Shook et al., 2015). Among 
421 adults, MVPA measured at baseline was 
a significant predictor of changes in fat mass 
over 1 year, such that those in the lowest 
quintile of baseline MVPA gained signifi-
cantly more fat mass (1.7 kg) than the other 
groups (Shook et al., 2015; see Figure 7.4). 
These results suggest that very low physical 
activity levels are predictive of weight gain 
among adults.

Support for this notion comes from many 
studies that show that a high level of physi-
cal activity is associated with low weight 
gain over time, whereas comparatively low 
levels of physical activity are associated with 
higher weight gain over time (Hankinson et 
al., 2010). Using data from the Coronary 
Artery Risk Development in Young Adults 
(CARDIA) prospective study, Hankinson 
et al. (2010) observed that relative to lower 
activity levels, sustaining higher levels of ac-
tivity over 20 years was associated with less 
weight gain among men and women tran-
sitioning from young adulthood to middle 
age. Men and women who sustained higher 
levels of physical activity gained 2.6 and 
6.1 fewer kg over the 20 years, respectively, 
compared to the low-activity referent group. 
Higher physical activity levels in this study 
approximated 60 minutes/day in men and 
about 35 minutes/day in women.

The amount of physical activity required 
to prevent weight gain remains a topic of 
debate (Erlichman, Kerbey, & James, 2002; 
Saris et al., 2003). Results from other obser-
vational cohort studies suggest that 30 min-
utes of daily activity is not sufficient to pre-
vent weight gain in women (Lee, Djousse, 
Sesso, Wang, & Buring, 2010) and that at 
least 60 minutes of daily activity is required 
to prevent weight gain in men (Di Pietro et 
al., 2004). Discrepancies may be partially 
explained by differences in the manner in 
which levels of physical activity are derived 
from self-report and/or issues related to the 
accurate measurement of energy intake. 
Nevertheless, taken together, these obser-
vations confirm the notion that increasing 
levels of physical activity may offset a corre-

FIGURE 7.3. Relative risk of developing obesity 
over 6 years, according to television viewing at 
baseline, among 50,277 women ages 30–55 from 
the Nurses’ Health Study. Relative risk ratios are 
adjusted for age, smoking, alcohol use, hormone 
use, physical activity, total fat, cereal fiber, glyce-
mic load, and total calories. Error bars represent 
95% confidence intervals. Drawn from data in 
Table 2 of Hu et al. (2003).
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sponding increase in energy intake resulting 
in the prevention of weight gain.

Based on the available scientific evidence, 
the American College of Sports Medicine 
recommends between 150 and 250 minutes 
of physical activity per week for the preven-
tion of weight gain in adults (Donnelly et al., 
2009), which translates into a higher physi-
cal activity amount than reported in the 
Physical Activity Guidelines (U.S. Depart-
ment of Health and Human Services, 2008).

High Levels of Exercise 
and Obesity Prevention
The notion that high levels of physical activ-
ity are required to maintain energy balance 
and hence prevent weight gain was first pro-
posed by Jean Mayer in the 1950s (Mayer 
et al., 1954; Mayer, Roy, & Mitra, 1956). 
In a series of studies in both animals and 
humans, Mayer and colleagues observed 
that the matching of energy intake with en-
ergy expenditure was very poor when lev-
els of physical activity were either very low 
(weight gain), or very high (slight weight 
loss). At high levels of daily physical activ-

ity, Mayer observed that the increase in en-
ergy intake often prevented weight gain but, 
in some, was insufficient to prevent weight 
loss (Mayer et al., 1954, 1956). These ob-
servations were controversial at the time and 
remain in need of clear experimental valida-
tion today.

Studies in which participants perform 
extremely high amounts of exercise have 
confirmed that energy intake may not be 
able to match the energy expenditure associ-
ated with higher levels of physical activity 
(Rosenkilde et al., 2015). Rosenkilde et al. 
(2015) studied a small group of older men 
to investigate whether extreme increases in 
daily energy expenditure during prolonged 
cycling are sufficiently matched by an in-
crease in energy intake. Over 14 days, six 
older men (61 ± 3 years) covered a distance 
of 2,706 km from Copenhagen, Denmark 
to Nordkapp, Norway. During the 14 days, 
the increase in energy expenditure measured 
by doubly labeled water reached 83% above 
baseline or 30.1 ± 1.5 megajoules (MJ)/day. 
This is an extraordinary increase in energy 
expenditure similar to that observed in much 
younger male professional cyclists during 

FIGURE 7.4. Change in fat mass from baseline to 1 year of follow-up across quintiles of baseline physi-
cal activity in 421 adults, adjusted for change in moderate-to-vigorous physical activity and baseline fat 
mass. Error bars represent standard errors. Redrawn from Shook, Hand, Drenowatz, Hebert, Paluch, 
Blundell, et al. (2015). Low levels of physical activity are associated with dysregulation of energy intake 
and fat mass gain over 1 year. American Journal of Clinical Nutrition, 102(6), 1332–1338.
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the Tour de France (Saris, van Erp-Baart, 
Brouns, Westerterp, & ten Hoor, 1989). 
The principal finding in this study was that 
increases in energy intake were insufficient 
to maintain body weight, suggesting that, 
despite the increase in their motivation to 
eat, energy balance was not maintained and 
weight loss was observed. These observa-
tions confirm the hypothesis first described 
by Mayer and colleagues (1956) that beyond 
a certain threshold level of physical activ-
ity, increases in energy intake are no longer 
coupled with energy expenditure. Although 
the mechanisms that would explain this 
phenomenon remain to be elucidated, the 
importance of increasing physical activity as 
a means of preventing weight gain is estab-
lished.

Energy Expenditure of Occupational Work 
and Risk of Obesity
The technological revolution has changed the 
energy demands associated with most occu-
pations, in addition to changing the types of 
occupations that predominate in the West-
ern world. Church et al. (2011) explored the 
role that temporal changes in occupational 
energy expenditure may have played in the 
observed increases in obesity in the United 
States. By combining data from the U.S. Bu-
reau of Labor Statistics with NHANES, the 
authors concluded that the energy expendi-
ture associated with occupational work has 
declined by over 100 calories/day over the 
last 50 years, and that this decrease accounts 
for a significant portion of the observed in-
creases in body weights in the U.S. popula-
tion (Church et al., 2011). The decline in 
energy expenditure associated with work 
in the United States is largely the result of a 
significant reduction in “goods-producing” 
and “agricultural” jobs and a significant 
increase in “service” jobs over the last five 
decades. Another study conducted in several 
countries around the world (Brazil, China, 
India, United Kingdom, and United States) 
has also demonstrated significant reductions 
in occupational energy expenditure over re-
cent decades (Ng & Popkin, 2012). Given 
the important role of physical activity at 
maintaining energy balance, the significant 
decline in occupational physical activity is 
undoubtedly an important factor in explain-

ing the global trends in weight gain and obe-
sity.

Some studies have specifically addressed 
the association between occupational ac-
tivity and sedentary behavior with obesity. 
For example, an analysis of data from the 
NHANES demonstrated that people who 
were working in occupations classified as 
“high activity” had lower odds of being 
abdominally obese (high waist circumfer-
ence) compared to people in occupations 
classified as “low activity” (Steeves, Bassett, 
Thompson, & Fitzhugh, 2012). Further, in 
those people with little or no nonoccupa-
tional physical activity, the odds of being 
abdominally obese were about 50% lower if 
they had a highly active occupation (Steeves 
et al., 2012). In another study of working 
adults in Denmark, an increase in occupa-
tional sitting over 5 years was associated 
with a significant increase in BMI among 
women, but not in men (Eriksen, Rosthoj, 
Burr, & Holtermann, 2015).

The results from systematic reviews have 
indicated that workplace interventions that 
include dietary and physical activity compo-
nents are effective at reducing obesity (Gud-
zune, Hutfless, Maruthur, Wilson, & Segal, 
2013; Verweij, Coffeng, van Mechelen, & 
Proper, 2011). Further, interventions that 
focus on increasing physical activity alone in 
the workplace have been shown to be effec-
tive at reducing body weight and BMI (Ver-
weij et al., 2011). However, there have been 
very few workplace interventions that spe-
cifically target increases in physical activity. 
This area is a priority for future research.

Modes of Transportation and Risk 
of Obesity

The use of “active” means of transportation 
(walking, cycling, etc.) has been shown to be 
associated with a higher level of daily physi-
cal activity compared to “passive” means 
of transportation (e.g., riding in a car; Ris-
sel, Curac, Greenaway, & Bauman, 2012). 
The results of an international study con-
ducted among 153,996 adults from 17 low-, 
 middle-, and high-income countries demon-
strated that car ownership was associated 
with significantly higher (14%) odds of obe-
sity compared to not owning a car (Lear et 
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al., 2014). Although these results could be 
interpreted as an association between so-
cioeconomic status (SES) and obesity (i.e., 
owning a car is related to higher SES), car 
ownership might also result in lower physi-
cal activity levels, given the reliance on pas-
sive rather than active transportation.

Indeed, systematic reviews of the exist-
ing literature have provided some evidence 
that active transportation may be associated 
with a lower risk of obesity (Wanner, Gots-
chi, Martin-Diener, Kahlmeier, & Martin, 
2012; Xu, Wen, & Rissel, 2013). In one re-
view, 40 of 69 studies reported a significant 
negative association between active trans-
portation and body weight (Xu et al., 2013). 
In a second review, 25 of 30 studies reported 
negative associations between active trans-
portation and body weight or reduced odds 
of obesity (Wanner et al., 2012). However, 
most of the studies contributing data to these 
reviews were cross-sectional, which limits 
inferences about causal associations. Never-
theless, these results are further supported by 
a recent analysis of data from 156,666 adult 
participants in the UK Biobank project that 
demonstrated a strong negative association 
between active commuting and both BMI 
and percentage of body fat (Flint & Cum-
mins, 2016). Compared to car-only com-
muters, mixed public transport and active 
commuters had significantly lower BMI and 
percentage of body fat, as did both walking 
and cycling commuters (Flint & Cummins, 
2016). Although these results represent sug-
gestive cross-sectional associations between 
active transportation and body weight, there 
is a need for future research that addresses 
these associations using longitudinal and in-
tervention study designs.

Effects of Exercise on EPOC
The increased oxygen uptake required to 
meet the energy needs during exercise does 
not return to resting levels immediately 
postexercise and may remain elevated for 
extended periods. The term excess postexer-
cise oxygen consumption was introduced as 
a means of capturing both the rapid and pro-
longed components of the observed increase 
in oxygen uptake after exercising (Brooks, 
Hittelman, Faulkner, & Beyer, 1971). A de-
tailed description of the EPOC components 

and their associated mechanisms is beyond 
the scope of this chapter. The reader is re-
ferred to the reviews of Borsheim and Bahr 
(2003) and Gaesser and Brooks (1984) for 
details.

Acute exercise is generally associated with 
increases in EPOC, which are greatest im-
mediately following the exercise session 
(rapid or short-term EPOC), with rapid de-
clines within 2 hours of termination. Pro-
longed or long-term elevations in EPOC, al-
beit slight, may persist for 48 hours or more 
postexercise (Hunter, Byrne, Gower, Siri-
kul, & Hills, 2006; Speakman & Selman, 
2003). Here we consider whether exercise 
may influence the magnitude and duration 
of EPOC, whether exercise intensity and du-
ration (amount) have separate effects, and 
whether the magnitude of EPOC may be of 
value for preventing weight gain.

Two prior reviews have carefully con-
sidered current knowledge with respect to 
the separate influence of exercise intensity 
and duration on EPOC (Borsheim & Bahr, 
2003; LaForgia, Withers, & Gore, 2006). 
Consistent with the conclusions of these 
reviews is the notion that duration and in-
tensity of exercise act synergistically to in-
fluence EPOC; however, it appears that at 
exercise intensities above 50% of VO2 max, 
exercise intensity is more important (Bor-
sheim & Bahr, 2003). This observation is 
illustrated by the work of Gore and With-
ers (1990). Their study included nine ex-
perimental treatments (N = 9 trained men), 
each with different combinations of exercise 
durations (i.e., 20, 50, and 80 minutes) and 
intensities (30%, 50%, and 70% VO2 max). 
The authors observed a strong interaction 
between exercise duration and exercise in-
tensity. With the exception of exercise per-
formed at 30% VO2 max, the magnitude 
of the EPOC was elevated as exercise du-
ration increased, whereas exercise intensity 
was held constant. Although the magnitude 
of the EPOC also increased with increas-
ing exercise intensity, whereas duration was 
held constant, compared to exercise dura-
tion (7%), exercise intensity contributed far 
more to the increase in EPOC (~45%). In re-
sponse to 80 minutes of exercise, the EPOC 
ranged from a low value of 1.0 L, equivalent 
to 5.2 kcal at 30% VO2 max, to a high value 
of 14.6 L, equivalent to 73 kcal at 70% VO2 
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max. EPOC was determined over 8 hours 
postexercise.

Although the vast majority of studies re-
port that a synergistic relation exists between 
exercise intensity, duration, and EPOC, it is 
apparent that with increasing exercise dura-
tion, total energy expenditure is increased, 
thus confounding this interpretation. 
Whether exercise intensity is positively as-
sociated with EPOC when exercise amount 
(caloric expenditure in kilocalories) is held 
constant remains unclear. Four studies in 
which the investigators held exercise amount 
constant while varying intensity have been 
reported (Frey, Byrnes, & Mazzeo, 1993; 
Phelain,  Reinke, Harris, & Melby, 1997; 
Sedlock, 1991; Sedlock, Fissinger, & Melby, 
1989). Sedlock et al. (1989) was one of the 
first studies to consider the separate effects 
of exercise intensity and amount of exercise 
on EPOC. Highly trained men exercised at 
(1) high (~75%) and low (~50%) intensity 
with caloric expenditure held constant (~300 
kcal) and (2) equal exercise intensity with 
varying duration. The primary observation 
was that exercise intensity affected both the 
magnitude and the duration of the EPOC. 
Holding exercise amount constant revealed 
a longer EPOC duration for the high-inten-
sity group (33.3 minutes) compared to the 
low-intensity group (19.8 minutes) and a 
greater caloric expenditure during EPOC.

This finding is consistent with Frey et al. 
(1993), who examined trained and untrained 
women who exercised at high (~80%) and 
low (~65%) intensity with exercise amount 
held constant (~300 kcal/session). The au-
thors also observed that EPOC at high in-
tensity was greater than EPOC at low in-
tensity, despite a shorter duration for the 
high-intensity exercise. Phelain et al. (1997) 
observed similar results with trained women 
exercising at high (~75%) and low (~50%) 
intensity with constant caloric expenditure 
(~500 kcal). In contrast to these findings, 
Sedlock (1991) found no effect of exercise 
intensity and duration on EPOC magnitude. 
This study was also performed with trained 
women who exercised at high (~60%) and 
low (~40%) intensity, with caloric expendi-
ture held constant (~200 kcal). The fact that 
exercise intensity did not affect the EPOC 
magnitude might have been due to a lower 
exercise amount (200 kcal) as opposed to 

the other studies (300 kcal and above). In 
general, however, these findings support the 
notion that exercise intensity contributes 
substantially to the observed EPOC.

Whether the EPOC is of value in prevent-
ing gains in body fat depends on whether 
the individual sustains exercise over the long 
term. Although EPOC appears to be mod-
est in response to a single exercise session, 
the potential energy expenditure increase 
associated with EPOC may be substantial 
if exercise is sustained long term. Based 
on their comprehensive review, Borsheim 
and Bahr (2003) reported that for a single 
session of moderate-intensity (less than 1 
hour at ~50% VO2 max) exercise, EPOC 
will approximate 12–24 kcal, equivalent 
to ~2,800 kcal a year, which translates to 
a loss of 311g fat (assuming exercise is per-
formed 3 days/week). In response to vigor-
ous exercise (at least 1 hour at a minimum 
of 70% VO2 max), EPOC will approximate 
170 kcal/session or approximately 26,000 
kcal/year, which translates to a loss of 3.0 
kg fat. Clearly, 1 hour of exercise performed 
at about 70% of VO2 max may be difficult 
to sustain for many, if not most, overweight 
or obese persons. Although from a physi-
ological perspective, the EPOC consequent 
to sustained high-intensity exercise may be 
helpful for prevention of weight gain, the 
sustainability of this exercise behavior pat-
tern would represent a challenge for most 
adults.

Physical Activity and Regulation 
of Energy Balance
One question raised from time to time in the 
popular press and the scientific literature 
is whether physical activity influences the 
level at which energy balance is regulated. 
Another way to pose the question is to ask 
whether there is coupling between the ener-
gy expended for physical activity on a daily 
basis and the energy intake on the same day. 
Despite decades of research, we still do not 
have a complete understanding of the pro-
cess, and currently there is no consensus on 
what exactly the data signify. A number of 
models have been put forward over the years 
in attempts to recapitulate data from various 
sources and their implications for the regu-
lation of energy balance and body weight. 
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An overview of four of these models—the 
set point model, the settling point model, the 
general intake model, and the dual interven-
tion point model—was given in a summary 
a few years ago (Speakman et al., 2011). The 
interested reader can refer to this publication 
for a detailed discussion.

Common sense suggests that there is poor 
coupling between energy expenditure from 
physical activity and dietary caloric intake 
at the low end of the activity continuum. 
This idea is supported by the high-popula-
tion prevalence of overweight and obesity 
in sedentary people in many countries of 
the developed world. There is also support 
for this notion in observational prospective 
studies that utilize careful monitoring of ac-
tivity and caloric intake (Shook et al., 2015). 
For some reasons yet to be uncovered, the 
regulation of caloric intake at very low lev-
els of energy expenditure is a challenge for a 
large fraction of adults. It is also suggested 
that the coupling between energy expendi-
ture and caloric intake is not very tight at 
slightly higher levels of physical activity en-
ergy expenditure in the range of 100–150 
kcal/day. However, coupling seems to be 
better for this group than for completely 
sedentary individuals.

With increasing amounts of physical ac-
tivity energy expenditure, the coupling with 
caloric intake gets better and becomes tight 
at high levels of activity. Interestingly, the 
same coupling is true with cold exposure. 
Those who expend large amounts of calo-
ries, such as endurance athletes in training 
or people whose occupation requires large-
calorie expenditures, are typically of normal 
body weight with low levels of adiposity. 
Excess weight and obesity would clearly be 
a major handicap for long-distance runners, 
cyclists, and other endurance athletes. These 
athletes have no choice but to consume large 
amounts of calories just to maintain body 
weight. In other words, when people ex-
pend 200 kcal/day, or more, on purposeful 
activity-related energy expenditure, there is 
a pretty tight coupling between energy in-
take and energy expenditure. This coupling 
is even more precise at high levels of caloric 
output. For instance, many types of athletes 
in training or in their competitive season 
consume around 5,000 kcal/day, and still 
they have to be careful about maintaining 

a healthy body weight because they tend to 
lose weight unintentionally. There are even 
more extreme examples, such as the 6,000–
9,000 kcal of energy expenditure per day 
for 21 days of the professional cyclists who 
compete in the Tour de France. Interestingly, 
as we discussed in a previous section, when 
older men who were recreationally active 
increased their rate of energy expenditure 
to 6,000 kcal/day for 14 days, this change 
resulted in a negative energy balance (about 
1,000 kcal/day). This loss was due to their 
inability to increase caloric intake sufficient-
ly to match energy expenditure (Rosenkilde 
et al., 2015).

In spite of all the limitations in the body 
of knowledge, there is some justification for 
the belief that physical activity is a power-
ful regulator of energy balance. Potential 
mechanisms for a role of physical activity in 
the regulation of energy balance when the 
activity-related energy expenditure ranges 
from very low to very high include, at a min-
imum, the following paths.

At low levels of activity, which is also typ-
ically low intensity, the muscular demands 
are met mainly by the recruitment of slow 
motor units and muscle fibers. With increas-
ing exercise intensity and amount, the re-
cruitment of fast motor units and muscle fi-
bers is increased. The fast contracting motor 
fibers rely more on a carbohydrate-derived 
substrate to sustain muscle contractions than 
slow contracting fibers. The progressive shift 
in metabolic fuel takes place in the presence 
of more sympathetic nervous system activa-
tion, growing levels of norepinephrine and 
other hormones, and increased secretions of 
myokines by the active muscles and adipo-
kines by adipose tissue depots. The EPOC 
recovery period following a high-intensity 
activity bout is also more substantial.

In the first phase, O2 debt recovery ac-
counts for the elevated metabolic rate post-
activity (replenishing muscle and blood O2 
stores, lactate removal, regeneration of ad-
enosine triphosphate [ATP] and C-reactive 
protein levels, etc.). In the second extended 
phase of EPOC, continuing recovery of cir-
culatory and pulmonary functions, normal-
ization of body temperature, progressive 
shift of metabolic fuel from carbohydrate to 
lipid oxidation, replenishment of glycogen 
levels, elevated synthesis and breakdown 
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of proteins, and undoubtedly other mecha-
nisms participate in the prolonged, elevated 
energy expenditure above resting metabolic 
rate (Borsheim, 2010). These descriptions 
suggest that metabolic flexibility is needed 
at high amounts of physical activity ex-
ecuted at moderate and high intensities, 
and that multiple biological signals arising 
under these conditions may favor coupling 
between the energy expenditure of activity 
and caloric intake.

There are undoubtedly other mechanisms 
at play, as suggested by a study of pairs of 
monozygotic twins, in which one member 
was a sustained runner and the other was 
not (Williams, 2012). The difference be-
tween the active twin and the less active 
co-twin was more than 2 BMI units. These 
observations suggest the presence of a geno-
type-by-physical-activity interaction, which 
translates into a better regulation of energy 
intake and an attenuation of the genetic risk 
of excess weight. The apparent uncoupling 
of energy intake and energy expenditure at 
the low end of the physical activity level is 
not fully understood. A sedentary state re-
quires less metabolic flexibility and is un-
doubtedly characterized by much lower traf-
ficking levels of activity-induced myokines 
and adipokines. It is also a state in which 
fast twitch muscle fibers are not solicited 
to a large and sustained extent. Moreover, 
there is no need to recover from the meta-
bolic demands of a physical activity period, 
and therefore EPOC is nonexistent.

Physical Activity, Appetite, and Satiety
Are there any effects of acute and chronic 
exposure to physical activity on appetite and 
satiety? The topic is of considerable impor-
tance, as the popular press seems to believe 
that being physically active makes you eat 
more. Let’s begin with a few definitions. Ap-
petite is defined as the desire to eat food due 
to hunger. Satiation occurs while eating and 
brings the consumption of food to an end. 
Finally, satiety is the state of being satiated; 
it is characterized by the feeling of being 
full after eating food. Appetite and satiety 
are complex states regulated by hormonal 
secretions from the stomach, gut, pancreas, 
and hypothalamus as well as vagal afferent 
from the stomach, gastrointestinal tract, 

and other organs signaling to hypothalamic 
neurons. There is a strong neural basis to 
the regulation of appetite and satiety, and 
the brain is likely to be the site of some of 
the genetic predisposition favoring the adop-
tion of obesogenic behavior (Farooqi, 2014). 
However, even though there is some evi-
dence for a genetic component to these be-
havioral traits (Melhorn et al., 2016), identi-
fying the specific genes and variants driving 
individual differences in appetite and satiety 
has proven to be very difficult (van Vliet-
Ostaptchouk, Hofker, van der Schouw, Wij-
menga, & Onland-Moret, 2009).

The neurobiology of appetite and sati-
ety (and of energy balance regulation) with 
exposure to physical activity across ranges 
of intensity, duration, and frequency of ex-
posures has the potential to shed light on 
critical aspects of this highly complex topic 
(Dishman et al., 2006). Importantly, a sus-
tained physically active lifestyle has the po-
tential to alter brain functions in a direction 
favoring better adaptation (Mattson, 2012). 
Unfortunately, the full power of the modern 
neuroscience technologies has not been ap-
plied to address these issues as of yet. How-
ever, a number of generalizations can be 
made based on existing observational and 
experimental studies. There is a large body 
of evidence supporting a beneficial role of 
physical activity on appetite regulation 
(Martins, Morgan, & Truby, 2008). Engag-
ing in physical activity increases hunger and 
food intake, but the latter increase is com-
mensurate with the activity-induced energy 
expenditure. This is generally observed for 
activities extending from light to moderate 
to vigorous to hard intensities, although 
there are individual differences.

A different trend is observed when the 
intensity of physical activity is maximal or 
near maximal. In brief, activities in these in-
tensity ranges are typically followed by pe-
riods of appetite suppression. Blundell and 
colleagues have referred to this as “post ex-
ercise anorexia,” and it is typically observed 
after an acute exposure to a high-intensity 
exercise bout (King et al., 2009; Martins, 
Kulseng, King, Holst, & Blundell, 2010). 
This appetite suppressive effect can be seen 
at times in the fasted state but is more con-
sistently observed in a postprandial state. In 
comparing two doses of physical activity at 
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moderate intensity, only the highest dose (60 
min/day) was associated with an increase in 
fasting and meal-related ratings of fullness 
and satiety (Rosenkilde et al., 2013). An-
other dimension of the relationship between 
being physically active and the regulation of 
appetite or satiety was evidenced in a study 
demonstrating that active individuals had a 
greater ability to compensate for high-energy 
preloads through reductions in energy intake 
in comparison with inactive controls (Beau-
lieu, Hopkins, Blundell, & Finlayson, 2016).

This is an area of considerable impor-
tance for the maintenance of a healthy body 
weight. More research is needed to clarify 
the mechanisms behind the improvement in 
short-term appetite control observed with 
exercise and the long-term implications of 
these mechanisms (Martins et al., 2008). 
The regulation of appetite and satiety is in-
fluenced by multiple factors, including hor-
monal and cytokine status, metabolic fac-
tors, physiological and psychological states, 
the intensity and duration of the physical 
activity exposure, and undoubtedly other 
factors as well. The response of appetite 
and satiety indicators to physical activity 
exposures is highly variable, and it may be 
difficult to ever achieve generalization and 
prediction (Blundell, Gibbons, Caudwell, 
Finlayson, & Hopkins, 2015).

Summary

Physical activity energy expenditure is high-
ly variable among adults. We take strong 
objection with the notion that physical in-
activity has nothing to do with variation in 
body weight and the obesity epidemic. The 
time spent in a sedentary state is predictive 
of weight gain over the years. The shift in 
the occupational activity profile over several 
decades is associated with the increase in the 
prevalence of overweight and obesity. Even 
though physical activities performed at low 
to moderate intensities can result in substan-
tial energy expenditure, activities at high 
intensities carry not only weight control 
benefits but multiple metabolic advantages 
as well. Among others, these metabolic ad-
vantages include entrainment of metabolic 
flexibility and an elevated EPOC lasting for 
hours.

Measuring and monitoring physical ac-
tivity energy expenditures outside of the 
laboratory can be challenging, but there 
are practical ways to obtain reasonable es-
timates. Adherence to the current Physical 
Activity Guidelines can result in true weight 
gain prevention benefits. However, it is be-
coming widely recognized that higher vol-
umes of regular physical activity have the 
potential to achieve even better weight gain 
prevention results. Globally, energy intake is 
well matched to physical activity level across 
the continuum of intensity and volume, with 
the exception of sedentary condition and 
high-intensity, very-high-volume conditions 
resulting in very large activity-related ener-
gy expenditure. Potential mechanisms for a 
role of physical activity in the regulation of 
caloric intake and energy balance have been 
proposed. We conclude that there is strong 
evidence from multiple lines of research that 
being physically active on a regular basis 
offers some protection against weight gain 
over the years.
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Sleeping, like eating, is a biological need. 
It consumes approximately one-third of 
human life. Just as missing a day’s worth 
of meals produces strong feelings of hun-
ger, being deprived of a night’s sleep leads 
to severe sleepiness. Recently, a large body 
of research has focused on the relationship 
between sleep and energy balance.

Sleep Duration

In healthy humans, the timing, intensity, and 
duration of sleep are primarily regulated by 
two processes: homeostatic regulation and 
circadian timing. The term sleep homeosta-
sis refers to the drive for sleep that increas-
es progressively during wakefulness and 
decreases progressively during sleep. The 
circadian process that controls sleep is de-
scribed as the 24-hour oscillatory variation 
in the propensity for sleep. Human sleep is 
naturally regulated by these two processes, 
with sunrise and sunset providing the photic 
signals necessary to entrain the sleep–wake 
cycle.

Sleep duration changes markedly across 
the lifespan with sleep need decreasing as 
we age. The latest recommendations for 
sleep by age group are shown in Table 8.1 
(Hirschkowitz et al., 2015). Although the 
majority of people need these recommend-

ed amounts of sleep to function optimally, 
there are individual differences in sleep 
need, sleep ability, and sleep opportunity 
such that a variety of factors determine ac-
tual sleep duration. A large proportion (ap-
proximately one-third) of American adults 
self-report habitually sleeping less than the 
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TABLE 8.1. Recommended Sleep 
across the Lifespan

Age range
Recommended sleep 
duration/24 hours

Newborns (0–3 months) 14–17 hours

Infants (4–11 months) 12–15 hours

Toddlers (1–2 years) 11–14 hours

Preschoolers (3–5 years) 10–13 hours

School-age children 
(6–13 years)

9–11 hours

Teenagers (14–17 years) 8–10 hours

Young adults (18–25 years) 7–9 hours

Adults (26–64 years) 7–9 hours

Older adults (≥ 65 years) 7–9 hours

Note. Based on the report of an expert panel convened by 
the U.S.-based National Sleep Foundation and published 
in Hirschkowitz, Whiton, Albert, Alessi, Bruni, DonCar-
los, et al. (2015). National Sleep Foundation’s sleep time 
duration recommendations: Methodology and results 
summary. Sleep Health, 1(1), 40–43.
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recommended 7 hours/night, prompting the 
Centers for Disease Control and Prevention 
(CDC) to declare insufficient sleep a public 
health epidemic (CDC, 2016). Insufficient 
sleep has also become a concern in regard 
to children and adolescents. When parents 
were asked to estimate how much sleep 
their child obtained at night, 31% of 6- to 
11-year-olds and 71% of 12- to 14-year-olds 
were reported to sleep less than the recom-
mended 9 hours/night, and 56% of 15- to 
17-year-olds were reported to sleep less than 
the recommended 8 hours/night (National 
Sleep Foundation, 2014). In response to the 
large proportion of adolescents obtaining 
less than the recommended amount of sleep, 
the American Academy of Pediatrics issued 
a policy statement urging middle and high 
schools to modify start times to no earlier 
than 8:30 A.M. (American Academy of Pedi-
atrics, 2014).

Evidence suggests that the vast majority 
of habitual short sleepers (those routinely 
sleeping less than the recommended amount 
for their age) do not require less sleep than 
others but rather are limiting their sleep op-
portunity in order to accommodate school/
work, family, and social obligations. Adults 
who routinely sleep less than 7.5 hours/night 
are more likely to report unintentionally 
falling asleep during the day and nodding 
off or falling asleep while driving. They also 
fall asleep faster during a standardized as-
sessment of daytime sleep tendency. In addi-
tion to compromised waking performance, 
several adverse health outcomes, including 
weight gain, have been linked with habitual 
short sleep duration among children, adoles-
cents, and adults.

Short Sleep Duration and Increased Risk 
for Obesity
A growing body of epidemiological evi-
dence demonstrates that habitual short 
sleep duration is a risk factor for obesity. 
In adults, cross-sectional and longitudinal 
studies show that adults who report sleep-
ing ≤ 5–6 hours/day gain more weight over 
time (Xiao, Arem, Moore, Hollenbeck, & 
Matthews, 2013), have larger waist circum-
ferences (Sperry, Scully, Gramzow, & Jor-
gensen, 2015), and exhibit greater incidence 
of obesity (Wu, Zhai, & Zhang, 2014). For 

example, in a study examining data for 
13,742 participants ages ≥ 20 years from the 
National Health and Nutrition Examina-
tion Survey (2005–2010), short sleepers (≤ 6 
hours/day) were 1.0 kg/m² heavier and had a 
2.2 cm larger waistline than sufficient sleep-
ers (7–9 hours/day; Ford et al., 2014). The 
relationship between short sleep duration 
and body mass index (BMI) may be stronger 
among young (18–29 years) and middle-age 
(30–64 years) adults than among older (> 65 
years) adults (Grandner, Schopfer, Sands-
Lincoln, Jackson, & Malhotra, 2015). In 
2015, a panel representing the American 
Academy of Sleep Medicine and the Sleep 
Research Society reviewed over 1,250 scien-
tific publications and used the Oxford grad-
ing system and a modified RAND/UCLA 
Appropriateness Method to seek consensus 
on sleep recommendations. The panel con-
cluded that at least 7 hours sleep/day were 
recommended for metabolic and cardiovas-
cular health (Watson et al., 2015).

The relationship between short sleep du-
ration and obesity risk has also been dem-
onstrated in pediatric populations. Short 
sleep duration during infancy has been 
identified as a risk factor for obesity at 2–3 
years old (Halal et al., 2016), and cross-sec-
tional studies have revealed an association 
between short sleep duration and obesity 
in preschoolers, school-age children, and 
teenagers (Jiang et al., 2009; Katzmarzyk et 
al., 2015; Mitchell, Rodriguez, Schmitz, & 
Audrain-McGovern, 2013; Wu, Gong, Zou, 
Li, & Zhang, 2016). A recent meta-analysis 
examining the longitudinal impact of sleep 
duration on weight status in children and 
adolescents found that short sleepers had 
twice the risk for being overweight/obese 
(Fatima, Doi, & Mamun, 2015). Further-
more, several studies have demonstrated 
that sleep duration is positively associated 
with diet quality and fruit/vegetable intake 
and negatively associated with daily caloric 
intake, diet energy density, sugar intake, 
and soda consumption in children and ado-
lescents (Bel et al., 2013; Börnhorst et al., 
2015; Fisher et al., 2014; Franckle et al., 
2015; Hjorth et al., 2014; Weiss et al., 2010).

Several population studies have found a 
stronger association between sleep duration 
and BMI in men than in women (Meyer, 
Wall, Larson, Laska, & Neumark-Sztain-
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er, 2012; Watanabe, Kikuchhi, Tanaka, 
& Takahashi, 2010). This pattern has also 
been observed in adolescents and in children 
(Araujo, Severo, & Ramos, 2012; Suglia, 
Kara, & Robinson, 2014; Tatone-Tokuda et 
al., 2012); however, it has not been observed 
in all studies. Race differences may also exist 
in the relationship between sleep duration 
and weight. African Americans are more 
likely to be short sleepers than whites (Hale 
& Do, 2007; Singh, Drake, Roehrs, Hudgel, 
& Roth, 2005), and two epidemiological 
studies found that the association between 
short sleep duration and obesity risk was 
stronger in African Americans than whites 
(Donat et al., 2013; Grandner, Chakravorty, 
Perlis, Oliver, & Gurubhagavatula, 2014). 
Future studies are needed to examine gen-
der and race differences in the relationship 
between sleep duration and risk for obesity.

Experimental Sleep Restriction 
and Energy Balance
Energy expended during sleep is less than 
energy expended during wake; therefore, 
the increased energy requirement associated 
with sleep restriction would produce nega-
tive energy balance and weight loss over time 
if diet remained constant. To protect against 
this state, investigators have hypothesized 
that the body employs compensatory re-
sponses to increase energy intake and con-
serve energy when sleep is restricted. Howev-
er, if more energy is consumed and conserved 
than needed, positive energy balance and 
weight gain would occur. Recent research 
supports this compensatory hypothesis.

Spiegel and colleagues found that men 
undergoing 2 nights of sleep restriction (4 
hours time in bed [TIB]/night) with con-
trolled energy intake via an intravenous 
glucose infusion, exhibited increased levels 
of ghrelin (an orexigenic hormone released 
from the stomach) and decreased levels of 
leptin (an anorexigenic hormone released 
from adipocytes). These neuroendocrine 
changes were accompanied by significant 
increases in self-reported ratings of hunger 
and appetite (Spiegel, Tasali, Penev, & Van 
Cauter, 2004). By contrast, laboratory stud-
ies using ad libitum food access have demon-
strated that sleep-restricted participants ex-
hibit increased caloric intake and either no 

change in ghrelin or leptin or an increase in 
leptin levels (Markwald et al., 2013; Nedelt-
cheva et al., 2009; Spaeth, Dinges, & Goel, 
2013; St-Onge et al., 2011). Thus, evidence 
suggests that sleep loss leads to changes in 
appetite-regulating hormones that promote 
increased energy intake. Research to deter-
mine how sleep loss impacts the release of 
other appetite regulating hormones (e.g., 
glucagon-like peptide-1, peptide YY(3–36), 
endocannabinoids) is ongoing.

Preliminary data suggest that the addi-
tional energy required for extended wake-
fulness from partial sleep restriction is ~100 
kcal/day (Markwald et al., 2013; Shechter, 
Rising, Albu, & St-Onge, 2013). Healthy, 
normal-to-overweight adults in our in-lab-
oratory sleep restriction protocol (5 nights, 
4 hours TIB/night) overcompensated for 
the moderate increase in energy cost with 
marked increases in energy intake (~500 
kcal/day) and gained significantly more 
weight during the study than control par-
ticipants (Figures 8.1A and 8.2; Spaeth et 
al., 2013). Consistent with our findings in 
adults, children exhibited increased energy 
intake and weight gain when sleep was re-
stricted by 1.5 hours/night for 1 week com-
pared to when sleep was prolonged by 1.5 
hours/night for 1 week in a counterbalanced 
crossover study (Hart et al., 2013).

Similar to epidemiological findings, we 
observed gender and race differences in the 
relationship between sleep restriction and 
energy balance. Among sleep-restricted par-
ticipants, African Americans gained more 
weight than European Americans and men 
gained more weight than women (Figure 
8.1B; Spaeth et al., 2013). Men exhibited a 
greater increase in daily caloric intake and 
consumed more calories during late-night 
hours under sleep-restricted conditions com-
pared to women, but African Americans 
and European Americans showed similar 
changes in caloric intake and late-night eat-
ing (Spaeth, Dinges, & Goel, 2014).

In addition to changes in daily intake, 
laboratory studies have also demonstrated 
that sleep restriction leads to more food 
purchases (Chapman et al., 2013), greater 
consumption of snacks (Nedeltcheva et 
al., 2009; St-Onge et al., 2011), increased 
portion sizes (Hogenkamp et al., 2013), 
increased impulsivity in response to food 
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cues (Cedernaes et al., 2014), and changes 
in macronutrient intake. Some studies have 
shown that sleep restriction leads to greater 
consumption of carbohydrates (Nedeltcheva 
et al., 2009; Spiegel et al., 2004), and oth-
ers have reported greater consumption of 
fats (St-Onge et al., 2011; Spaeth et al., 
2014; Fang et al., 2015). Adolescents con-
sumed foods with a higher glycemic index 
and more desserts/sweets when assigned 
6.5 hours TIB/night for 5 nights than when 
assigned 10 hours TIB/night for 5 nights 
(Beebe et al., 2013). Table 8.2 illustrates 
changes in the consumption of various foods 
and drinks during an in-laboratory sleep 
restriction protocol (Spaeth et al., 2014). In 
general, sleep restriction has been associated 
with greater intake of unhealthy foods. Neu-
roimaging studies have shown that sleep loss 
alters activity in limbic, reward, and salience 
network regions (see Fang et al., 2015, for a 

review of the literature). These changes are 
associated with altered feeding behaviors 
and responses to food cues.

Recent research has highlighted the criti-
cal contribution of meal timing to weight 
regulation (Garaulet et al., 2013; Jakubow-
icz, Barnea, Wainstein, & Froy, 2013), with 
evening intake associated with adverse out-
comes. During our sleep restriction protocol, 
we observed a shift in the timing of caloric 
intake. When bedtime was delayed from 
2200 hours to 0400 hours, participants con-
sumed ~500 additional calories during the 
late-night period (2200 hours–0359 hours), 
~100 fewer calories the following morning 
(0800 hours–1459 hours), and a similar 
number of calories from 1500 hours to 2159 
hours (Spaeth et al., 2013, 2014). Thus, dur-
ing baseline, participants consumed the ma-
jority of calories in morning/early afternoon 
hours, whereas during sleep restriction, par-
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FIGURE 8.1. Effect of sleep loss on weight gain. Participants were healthy adults, ages 22–50 years, 
with a BMI ranging between 19 and 30. (A) Sleep-restricted participants gained significantly more 
weight than control participants (d = 0.51). (B) Among sleep-restricted participants, African Americans 
gained more weight than European Americans (p = .003, d = 0.37), and males gained more weight than 
females (p = .004, d = 0.38). Data are expressed as mean ± standard error of the mean. From Spaeth, 
Dinges, and Goel (2013). Reprinted by permission.
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ticipants consumed the majority of calories 
in early-evening/late-night hours (Figure 
8.3A). We also observed an increase in the 
proportion of calories from fat consumed 
during late-night hours (Figure 8.3B; Spa-
eth et al., 2013). Late-night fat consumption 
has been positively associated with daily ca-
loric intake, BMI, and weight gain (Baron, 
Reid, Horn, & Zee, 2013; Spaeth, Dinges, 
& Goel, 2015a).

Whereas increased energy intake has been 
identified as a behavioral mechanism under-
lying the relationship between short sleep 
duration and weight gain, the role of energy 
expenditure is less clear. Some laboratory 
studies (but not all) have observed decreases 
in resting metabolic rate, diet-induced ther-
mogenesis, and physical activity during the 
day following sleep loss, suggesting a meta-
bolic adaptation to conserve energy in re-
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FIGURE 8.2. Caloric intake during an in-laboratory sleep restriction protocol. Participants were ran-
domized to either a sleep restriction or control condition after 2 nights of baseline sleep. Sleep op-
portunity was restricted by delaying bedtime from 2200h (10:00 P.M.) until 0400h (4:00 A.M.) and 
maintaining wake time at 0800h (8:00 A.M.). Participants were given a 10-hour sleep opportunity 
(2200h–0800h [10:00 P.M.–8:00 A.M.) for 2 consecutive baseline nights. During the day following the 
second night of baseline sleep, participants who were randomized to the sleep restriction condition 
were kept awake until 0400h (4:00 A.M.) (EW). For the next five nights, these participants were given 
a 4-hour sleep opportunity per night (0400h–0800h [4:00 A.M.–8:00 A.M.]), and on the fifth day fol-
lowing sleep restriction, bedtime returned to 2200h (10:00 P.M.) in order to begin the recovery phase 
(12-hour sleep opportunity, 2200h–1000h [10:00 P.M.–10:00 A.M.]). Participants who were random-
ized to the control condition experienced no change in sleep opportunity across protocol days (bedtime: 
2200h [10:00 P.M.], wake time: 0800h [8:00 A.M.]). (A) Compared to BL, sleep-restricted participants 
consumed more calories during days when bedtime was delayed (EW-SR4). Caloric intake did not 
differ between BL and SR5 (when waking hours and bedtime were equivalent). (B) Sleep-restricted 
participants consumed extra calories (130.0 ± 43.0% of daily caloric requirement) during days with a 
delayed bedtime (0400h [4:00 A.M.]) compared with control participants who did not consume extra 
calories (100.6 ± 11.4%) during corresponding days (p = .003, d = 0.94). Data are expressed as mean 
± standard error of the mean. BL, baseline; EW, extended wakefulness; R, recovery; SR, sleep restric-
tion. From Spaeth, Dinges, and Goel (2013). Effects of experimental sleep restriction on weight gain, 
caloric intake, and meal timing in healthy adults. Sleep, 36(7), 981–990. Reprinted by permission of 
Oxford University Press.
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TABLE 8.2. Caloric Intake (Mean ± SD) by Food/Drink Category in a Diverse Sample of Healthy 
Normal‑to‑Overweight Adults (N = 44)

Food/drink category Baseline days 1–2 (kcal) Sleep restriction days 1–3 (kcal)

Meat, eggs, and fish 381.55 ± 128.92 419.77 ± 149.36

Fruit, vegetables, and salad 177.65 ± 149.61 170.66 ± 138.02

Bread, cereal, plain rice, and pasta 572.27 ± 192.71 659.51 ± 259.88a

Condiments 231.69 ± 139.55 276.44 ± 181.81a

Desserts 343.38 ± 286.83 544.34 ± 284.23a

Chips, pretzels, crackers, and popcorn 78.88 ± 123.72 150.91 ± 202.57a

Caffeine-free soda and juice 272.64 ± 160.91 346.18 ± 219.36a

Milk 84.16 ± 98.45 119.78 ± 152.89

Note. Modified from Spaeth, Dinges, & Goel, N. (2014). Adapted by permission.
aSignificantly higher than baseline (repeated-measures analysis of variance; p < .05).

FIGURE 8.3. Effect of sleep loss on meal timing. (A) Participants consumed significantly fewer calories 
from 0800h (8:00 A.M.) to 1459h (2:59 P.M.) on days following sleep restriction (SR1-5) compared to 
days following baseline sleep (BL and EW). During days with a delayed bedtime (EW, SR1-4), partici-
pants consumed on average of 552.9 calories from 2200h (10:00 P.M.) to 0359h (3:59 A.M.). (B) The 
amount of calories derived from protein was significantly greater during 1500–2159h (3:00 P.M.–9:59 
P.M.) and was significantly reduced during 2200h (10:00 P.M.)–0359h (3:59 A.M.) compared to the other 
two time intervals. Compared to the other two time intervals, the amount of calories derived from car-
bohydrates was significantly greater during 0800h (8:00 A.M.)–1459h (2:59 P.M.), and the amount of 
calories derived from fat was significantly greater during 2200h (10:00 P.M.)–0359h (3:59 A.M.). Data 
are expressed as mean ± standard error of the mean, *p < .05. BL, baseline; EW, extended wakefulness; 
SR, sleep restriction. From Spaeth, Dinges, and Goel (2013). Effects of experimental sleep restriction 
on weight gain, caloric intake, and meal timing in healthy adults. Sleep, 36(7), 981–990. Reprinted by 
permission of Oxford University Press.
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sponse to the previous day’s extended wake-
fulness (see Capers, Fobian, Kaiser, Borah, 
& Allison, 2015, and Spaeth, Dinges, & 
Goel, 2015b, for reviews of the literature). 
Thus, decreased energy expenditure, par-
ticularly when combined with the increased 
consumption of unhealthy foods caused by 
sleep restriction, may contribute to positive 
energy balance and weight gain over time.

Sleep Timing

Humans are less efficient sleepers when at-
tempting to sleep outside of their endogenous 
circadian phase for sleep; therefore, limita-
tions in the timing of sleep opportunities can 
lead to the accumulation of sleep debt over 
time. Social jetlag describes a misalignment 
between biological and social time. For ex-
ample, a woman’s internal biological phase 
for waking may be 7:00 A.M., but she must 
wake up at 5:00 A.M. to perform household 
tasks before going to work. In an attempt 
to recover some sleep debt, individuals with 
social jetlag sleep longer on weekends and 
exhibit marked differences in sleep dura-
tion and/or in the midpoint of sleep between 
work and nonwork days (Roenneberg, Al-
lebrandt, Merrow, & Vetter, 2012). Many 
adults experience chronic social jetlag for 
the duration of their working career. These 
weekly changes in sleep timing resemble 
“traveling across several time zones to the 
West on Friday evenings and ‘flying’ back 
on Monday mornings” (Roenneberg et al., 
2012, p. 939). Shift work represents more 
extreme circadian misalignment, as shift 
work schedules often require work to occur 
during the night when the circadian system 
is promoting sleep and require sleep to occur 
during the day when the circadian system is 
promoting wakefulness. Night-shift workers 
sleep 2–4 hours less per day than day-shift 
workers and are more likely to experience 
excessive sleepiness.

Although humans exhibit a diurnal cir-
cadian rhythm (active during the day, sleep 
during the night), there are individual dif-
ferences in the optimal timing of activity 
and sleep. Some individuals prefer activ-
ity in the morning (larks) and exhibit an 
advanced (earlier) sleep period, whereas 
others prefer activity in the evening (owls) 

and exhibit a delayed (later) sleep period. 
Morning-type and evening-type individuals 
differ endogenously in the circadian phase 
of their biological clocks. Individual differ-
ences in preference are due to age, gender, 
and genetic factors. The interaction between 
Earth’s light–dark cycle and current school/
work schedules complement individuals who 
function best in the morning rather than in 
the evening. Because owls experience height-
ened alertness in the late evening, they often 
delay bedtime but still have to wake up early 
in the morning to accommodate school/
work schedules. Thus, owls are more likely 
to experience social jetlag and sleep restric-
tion during the school/work week.

Altered Sleep Timing and Increased Risk 
for Obesity
When quantifying social jetlag as the dif-
ference in mid-sleep time between free days 
and workdays, Roenneberg and colleagues 
observed that 69% of participants experi-
enced at least 1 hour of social jetlag and that 
social jetlag significantly increased the prob-
ability of being overweight/obese (Roenne-
berg et al., 2012). Among those who were 
overweight/obese, social jetlag positively 
correlated with weight. Social jetlag has also 
been associated with cardiovascular risk 
factors, fat mass, and incidence of metabolic 
syndrome (Parsons et al., 2015; Rutters et 
al., 2014). Observational studies of shift 
workers as well as experimental studies that 
mimic shift work schedules have consistent-
ly demonstrated that this type of circadian 
misalignment leads to altered meal timing 
and increased risk for obesity (Banks, Dor-
rian, Grant, & Coates, 2015; Depner, Sto-
thard, & Wright, 2014).

When examining the role of chronotype, 
there is some evidence that adolescents and 
adults with an evening preference are at in-
creased risk for weight gain/obesity (Arora 
& Taheri, 2015; Yu et al., 2015), consume 
a less healthy diet (Maukonen et al., 2016), 
and exhibit delayed meal timing (Lucassen 
et al., 2013). Baron and colleagues found 
that late sleepers (sleep midpoint > 0530 
hours) exhibited a shorter sleep duration, 
consumed more calories at dinner and after 
2000 hours, consumed more fast food and 
full-calorie soda, and had a higher BMI 
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compared to normal sleepers (sleep midpoint 
< 0530 hours; Baron, Reid, Kern, & Zee, 
2011). In a large sample of severely obese 
adults undergoing bariatric surgery, eve-
ning-type individuals weighed more before 
surgery, lost less weight after surgery, and 
regained more weight at follow-up (Ruiz-
Lozano et al., 2016). Given that this is a new 
area of research and findings are somewhat 
mixed, more work is needed to examine the 
influence of social jetlag and chronotype on 
obesity.

Recent research has also focused on how 
bedtime, independent from sleep duration, 
relates to weight gain and obesity. Increased 
variability in bedtime and going to bed later 
have been associated with unhealthy diet 
and higher BMI in children, adolescents, 
and adults (Asarnow, McGlinchey, & Har-
vey, 2015; Golley, Maher, Matricciani, & 
Olds, 2013; Scharf & DeBoer, 2015; Thivel 
et al., 2015). These associations are consis-
tent with our experimental findings (Spaeth 
et al., 2013). During our sleep restriction 
protocol, caloric intake was increased on all 
days with a delayed bedtime, including the 
first day of the sleep restriction phase, when 
participants woke up after sufficient sleep 
but were kept awake for 20 hours and went 
to bed at 0400 hours (Figure 8.2A). Caloric 
intake was not increased on the last day of 
the sleep restriction phase, when participants 
woke up after five consecutive nights of in-
sufficient sleep but were only kept awake 
for 14 hours and went to bed at 2200 hours 
(Figure 8.2A). This pattern suggests that 
bedtime and/or hours of wakefulness are 
better predictors of daily intake than hours 
of sleep during the preceding night(s). The 
timing and variability of bedtime should be 
targets for improving sleep and promoting 
weight maintenance, particularly for low-
income families in which sleep habits are 
less stable and the risk for obesity is greater 
(Appelhans et al., 2014; Miller et al., 2014).

Sleep Disorders and Risk for Obesity

Sleep disorders such as insomnia, obstruc-
tive sleep apnea (OSA), and narcolepsy may 
also affect energy balance. Insomnia is di-
agnosed or suspected when an individual 
complains of having difficulty initiating or 

maintaining sleep, waking up earlier than 
desired, and experiencing impaired daytime 
functioning, despite having sufficient oppor-
tunities for sleep. Insomnia is highly comor-
bid with psychiatric disorders (e.g., anxiety 
and depression) and is not always associated 
with objectively measured short sleep dura-
tion (Vgontzas, Fernandez-Mendoza, Liao, 
& Bixler, 2013). There is a paucity of re-
search examining the relationship between 
insomnia and obesity, and results have been 
mixed (Crönlein, Langguth, Busch, Ruppre-
cht, & Wetter, 2015). However, insomnia 
with objectively measured short sleep dura-
tion has been associated with other markers 
of metabolic dysregulation (i.e., hyperten-
sion and type 2 diabetes; Vgontzas, et al., 
2013). The primary treatment for insomnia 
involves decreasing sleep opportunity; there-
fore, more research is needed to understand 
the relationship between insomnia and 
weight regulation.

OSA occurs when an individual exhib-
its shallow breathing or ceases to breathe 
during sleep. Symptoms include loud snor-
ing, gasping for air, reduced airflow during 
sleep, and impaired daytime functioning. 
The most common cause of OSA is obesi-
ty. It is estimated that 50% of children and 
adults with obesity have OSA, and studies 
have consistently demonstrated that weight 
loss improves OSA symptoms (Depner et 
al., 2014; Foster et al., 2009; Narang & 
Mathew, 2012). OSA is also associated with 
metabolic dysregulation, independent of 
obesity. Treatment of OSA with continuous 
positive airway pressure (CPAP) leads to im-
provements in daytime functioning and met-
abolic health (Chirinos et al., 2014). Given 
the serious adverse cognitive and health con-
sequences of untreated OSA, it is critical for 
physicians to screen for and treat this condi-
tion in patients with obesity.

Narcolepsy occurs when an individual 
experiences excessive sleepiness with un-
controlled need for sleep or lapses into sleep 
during the day. It can occur with (type 1) 
or without (type 2) cataplexy and cerebral 
spinal fluid hypocretin-1 deficiency. Patients 
with narcolepsy exhibit a higher BMI than 
those without narcolepsy. This associa-
tion has been observed in children, adoles-
cents, and adults (Kotagal, Krahn, & Slo-
cumb, 2004; Schuld, Hebebrand, Geller, & 
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Pollmächer, 2000). Orexin deficiency and 
decreased energy expenditure have been 
identified as mechanisms that may underlie 
this relationship (Chabas et al., 2007; Dah-
men, Tonn, Messroghli, Ghezl-Ahmadi, & 
Engel, 2009). Individuals with narcolepsy 
are also more likely to experience persistent 
food cravings, to binge eat, and to have an 
eating disorder (Chabas et al., 2007; Dimi-
trova et al., 2011; Fortuyn et al., 2008). Pa-
tients who have been treated for narcolepsy 
continue to exhibit a higher BMI than those 
who have never been diagnosed with the dis-
ease (Depner et al., 2014); therefore, more 
research is needed to better prevent and treat 
obesity in narcoleptic patients.

Sleep in Individuals with Obesity

Poor sleep quality and excessive daytime 
sleepiness are frequent complaints among 
individuals with obesity (Fatima, Doi, & 
Mamun, 2016; Rahe, Czira, Teismann, & 
Berger, 2015; Resta et al., 2003). Weight loss 
(after diet/exercise programs or bariatric 
surgery) leads to improvements in sleep and 
daytime functioning (Fernandez-Mendoza 
et al., 2015; Thomson et al., 2012; Toor, 
Kim, & Buffington, 2012). Depression and 
psychological distress play an important role 
in the relationships between obesity, sleep, 
and daytime functioning (Vgontzas, Bixler, 
Chrousos, & Pekovic, 2008). Although few 
studies have objectively measured sleep in 
obese individuals, there is evidence that ex-
cessive adiposity relates to changes in sleep 
architecture.

Sleep is comprised of rapid-eye-movement 
(REM) sleep and non-REM sleep, with the 
latter comprised of stage 1, stage 2, and 
slow-wave sleep (SWS). SWS duration has 
been negatively correlated with BMI, waist 
circumference, ghrelin levels, intake during 
an ad libitum meal, saturated fat intake, and 
hunger ratings and has also been positively 
related with fiber intake, lean body mass, 
and growth hormone release (see Spaeth, 
Dinges, & Goel, 2017, for a review of the lit-
erature). REM sleep duration has been posi-
tively correlated with hunger ratings, body 
fat percentage, BMI, and overeating; how-
ever, other studies have shown that REM 
sleep duration is negatively correlated with 

waist circumference and BMI (see Spaeth et 
al., 2017, for a review of the literature).

In adults, those who are normal weight 
have exhibited higher sleep efficiency (total 
sleep time/TIB) than those who are over-
weight/obese (Bailey et al., 2014; Kahlhöfer, 
Karschin, Breusing, & Bosy-Westphal, 2016; 
Wirth et al., 2015); however, results have 
been more mixed in pediatric populations 
(Arora & Taheri, 2015; Chamorro et al., 
2014; McNeil et al., 2015). More research 
is needed to examine differences in sleep ar-
chitecture between normal, overweight, and 
obese individuals and to assess how changes 
in weight and/or body composition affect 
subjective and objective measures of sleep.

The Role of Sleep  
in Weight Loss Interventions

Recent research has highlighted the im-
portance of sleep during weight loss inter-
ventions and assessed the efficacy of sleep 
extension in promoting healthy weight main-
tenance. Children (ages 2–5), enrolled in a 
randomized trial to improve household rou-
tines, exhibited increased sleep duration and 
decreased BMI (Haines et al., 2013). Lon-
ger sleep duration was also associated with 
lower BMI and caloric intake in a sample 
of obese preschool-age children in a weight 
management program (Clifford et al., 2012). 
Similarly, in obese adolescents, long sleep 
duration and better sleep quality at baseline 
were associated with greater weight loss dur-
ing weight management programs (Sallinen 
et al., 2013; Valrie, Bond, Lutes, Carraway, 
& Collier, 2015). Among women random-
ized to a weight management program, 
better subjective sleep quality and sleeping 
> 7 hours/night at baseline significantly in-
creased the likelihood of weight loss success 
(Thomson et al., 2012). Other studies have 
observed similar results in adults (Alfaris et 
al., 2015; Elder et al., 2012; Filiatrault, Cha-
put, Drapeau, & Tremblay, 2014). Future 
studies are needed to examine how sleep can 
be used to increase weight loss success.

During an in-laboratory experimental 
study, overweight/obese women were placed 
on a hypocaloric diet for 14 days with ei-
ther 8.5 hours or 5.5 hours of sleep oppor-
tunity each night. During the 5.5-hour sleep 
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condition, women lost a similar amount of 
weight as during the 8.5-hour condition; 
however, they lost less fat, reported greater 
hunger, and exhibited a higher respiratory 
quotient (RQ; Nedeltcheva, Kilkus, Impe-
rial, Schoeller, & Penev, 2010). More work 
is needed to understand how sleep influences 
the changes in physiology that occur during 
weight loss and weight loss maintenance. 
Recently, sleep extension interventions in 
children and adults have been proposed for 
weight loss (Cizza et al., 2010; Yoong et al., 
2016). Preliminary data demonstrate that 
sleep extension decreases desire for high-cal-
orie foods, improves blood pressure, and is 
associated with increased insulin sensitivity 
in adults (Haack et al., 2013; Tasali, Chapo-
tot, Wroblewski, & Schoeller, 2014; Lep-
roult, Deliens, Gilson, & Peigneux, 2015).

Conclusion

Impaired sleep, due to lifestyle factors, chro-
notype, or sleep disorders, is associated with 
an increased risk for obesity in children, ad-
olescents, and adults. Experimental studies 
demonstrate that sleep curtailment leads to 
increased daily caloric intake, greater con-
sumption of unhealthy foods and drinks, 
and delayed meal timing. It also leads to al-
terations in brain activity, metabolism, and 
metabolic hormones that promote positive 
energy balance and weight gain over time. 
Addressing sleep issues with individuals who 
are obese or at risk for uncontrolled weight 
gain will improve daytime functioning and 
may increase the likelihood of weight loss 
success.
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The direct cause of obesity is a long-term 
positive energy balance whereby calorie in-
take exceeds energy expenditure. Intake and 
expenditure of energy are, in turn, influ-
enced by many underlying factors. Accord-
ing to socioecological theory (Dahlgren & 
Whitehead, 2007), there are several layers 
of influence that directly or indirectly affect 
the risk of obesity, ranging from individual 
factors such as genetic predisposition to so-
cial, economic, and physical environmental 
conditions. Genetic and biological factors 
are unlikely to have changed to such an ex-
tent that they can explain the current obesity 
epidemic, but the environment that individ-
uals live in has changed substantially over 
the last few decades.

The “obesogenic environment” has been 
described as “the sum of influences in the 
surroundings, opportunities, or conditions 
of life that promote obesity in individuals 
or populations” (Swinburn, Egger, & Raza, 
1999, p. 564). Simply put, the obesogenic 
environment encompasses the range of en-
vironmental characteristics that promote 
overweight and obesity and hinder an indi-
vidual’s ability to maintain a healthy body 

weight. Obesogenic environments can con-
sist of sociocultural, economic, and physi-
cal environmental factors. For example, 
the lack of availability of facilities such as 
parks, sidewalks, and bicycle lanes may hin-
der physical activity, whereas social norms 
and the availability, accessibility, and af-
fordability of high-energy foods may pro-
mote overeating. It has been argued that 
our present-day “food environment” of-
fers easy access to affordable, palatable, 
energy-dense, and high-calorie foods and 
drinks almost anywhere at almost any time. 
Simultaneously, our “physical activity en-
vironment” has changed so that physical 
activities can easily be avoided (Schmid-
hauser, Eichler, & Brugger, 2009). Some be-
haviors (e.g., sedentary behaviors) or groups 
(e.g., elderly persons) may be more affected 
by micro-environments such as family in-
fluences, design of the home, and the in-
door workplace environment (Kaushal & 
Rhodes, 2014). Other behaviors and groups 
are more strongly influenced by macro-level 
factors. Environments do not influence obe-
sity in isolation. The ways in which envi-
ronmental factors may influence obesogenic 
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behaviors are conceptualized in various 
socioecological frameworks. For instance, 
Kremers et al. (2006) used their environ-
mental research framework for weight gain 
prevention (EnRG) to conceptualize how 
environmental factors may affect obesogen-
ic behaviors, and how these environmental 
influences are also likely to be mediated and 
moderated by individual-level factors (see 
Figure 9.1; Kremers et al., 2006).

One example of a mediating pathway is 
the presence of high-quality bicycle infra-
structure, which may enhance the intention 
to ride a bike and, in turn, to form an ac-
tual cycling habit. Further, the influence of 
ample availability and accessibility of sweet 
foods on an individual’s diet may be more 
pronounced in people with stronger taste 
preference for sweet flavors (moderating 
pathway). Many such mediating and mod-
erating pathways are likely to be present, 
and the obesogenic environment is therefore 

considered to act on obesogenic behaviors 
and obesity in a complex system. Interac-
tions and feedback loops influence where, 
when, for how long, why, how, and with 
whom people conduct health-related activi-
ties (McPherson, Marsh, & Brown, 2007). 
In this chapter, we discuss the social, eco-
nomic, and physical environmental contrib-
utors to obesity in adults.

Social Contributors to Obesity

One aspect of the obesogenic environment 
is the sociocultural environment: the sets of 
beliefs, customs, practices, and behaviors 
within a population. Four key aspects of the 
social environment are discussed here: so-
cioeconomic status, income inequality, and 
deprivation; social capital, social cohesion, 
social networks, and social support; eth-
nic and cultural influences; and safety and 

FIGURE 9.1. Environmental research framework for weight gain prevention (EnRG).
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crime (McNeill, Kreuter, & Subramanian, 
2006).

Socioeconomic Status, Income Inequality, 
and Deprivation
The term socioeconomic status (SES) de-
scribes the social standing or class of an 
individual or group. Often-used indicators 
of SES are educational attainment, occupa-
tion, employment status, and income (Ga-
lobardes, Shaw, Lawlor, Lynch, & Davey 
Smith, 2006). SES is strongly related to over-
weight and obesity (Sobal & Stunkard, 1989; 
Stunkard, 1996). In higher-income coun-
tries, lower SES is generally associated with 
higher body weight (Cohen, Rai, Rehkopf, 
& Abrams, 2013; Sobal & Stunkard, 1989; 
Stunkard, 1996), whereas in low-income 
countries, lower SES tends to be associated 
with lower body weight (Dinsa, Goryakin, 
Fumagalli, & Suhrcke, 2012). In higher-
income countries, unhealthier lifestyles and 
body weights can be explained by the lack of 
psychosocial and material resources among 
individuals with lower SES; that is, lack 
of knowledge and social support and lack 
of money and means (Goldman, 2001). In 
lower-income countries, the association be-
tween SES and obesity follows conventional 
economic theories that predict that richer 
individuals engage in more unhealthy be-
haviors (Altman, 2008). The term socioeco-
nomic deprivation also describes the state in 
which individuals (or areas) lack necessary 
life resources. For example, in a European 
setting, living in low-SES neighborhoods has 
been associated with consuming fewer fruits 
and vegetables and more sugar-sweetened 
beverages, as well as having a higher body 
mass index (BMI), compared to residents in 
high-SES neighborhoods (Lakerveld et al., 
2015).

Income, education, and deprivation are 
absolute measures, but theories on the ef-
fect of income inequality on health suggest 
that not just low income, but also inequality 
in income, affects obesity risk. The income 
inequality hypothesis, as formulated by 
Wagstaff and Van Doorslaer (2000), states 
that the income gap between the rich and 
the poor within a country or region affects 
health and weight status of the poor, more so 
than, or in addition to, the absolute income 

levels. The assumed mechanism behind this 
influence is the fact that a perceived low po-
sition in the social hierarchy leads to social 
disconnection (lack of social capital) and 
social distress (Mackenbach, Lakerveld, van 
Oostveen, et al., 2016). These social impedi-
ments have been associated with risk factors 
for overweight and obesity, such as overeat-
ing and preferences for energy-dense foods 
(Oliver, Wardle, & Gibson, 2000).

Social Capital, Social Cohesion, Social 
Networks, and Social Support
The influence of other people, such as neigh-
bors, family members, friends, colleagues, 
and other network members, is also an im-
portant correlate of obesity risk. In a land-
mark study, Christakis and Fowler (2007) 
showed that obesity seems to spread through 
social networks over time, mainly via sib-
lings and friends becoming obese (Chris-
takis & Fowler, 2007). Hammond (2010) 
concluded that there is increasing evidence 
that social influence and social network 
structures influence obesity, but also noted 
little understanding of the underlying mech-
anisms. Potential explanations for the role of 
social networks in the development of over-
weight and obesity include social contagion 
(whereby the network influences obesity-
related behaviors or body weight via mirror-
ing, aspiring, and changing), social capital 
(whereby sense of belonging and social sup-
port influence obesity-related behaviors and 
body weight), and social selection (whereby 
an individual’s network is a function of his 
or her weight (Powell et al., 2015).

A recent literature review summarized the 
evidence regarding several social environ-
mental factors and their associations with 
weight status. The reviewers concluded that 
the strongest associations were found for so-
cial capital and collective efficacy, although 
few studies actually found significant asso-
ciations (Glonti et al., 2016). Social capital 
and collective efficacy are two related con-
cepts, both referring to the shared norms 
and values, trust, and ability to undertake 
collective action in a community (Sampson, 
Raudenbusch, & Earls, 1997). In addition, 
there is some preliminary evidence suggest-
ing that enhancement of social network 
characteristics is associated with an im-
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provement in weight status (Yoon & Brown, 
2011), although evidence from intervention 
studies remains limited (Leroux, Moore, & 
Dubé, 2013).

Ethnicity and Culture
There are marked differences in obesity 
prevalence between ethnic groups. For ex-
ample, in The Netherlands, all major eth-
nic-minority groups have a higher preva-
lence of overweight than the native Dutch, 
except for people of Moroccan descent 
(Cornelisse-Vermaat & Maassen van den 
Brink, 2007). In the United States, there are 
considerable differences in obesity preva-
lence between non-Hispanic whites, non-
Hispanic blacks, and Mexican American 
men and women (Flegal, Carroll, Ogden, & 
Curtin, 2010). In New Zealand, members 
of Pacific ethnic groups are over 11 times 
more likely to be obese than European New 
Zealanders (Sund born et al., 2010). There 
are several explanations for these differ-
ences. First, they may be due to differences 
in muscularity and the associated potential-
ly inappropriate use of similar BMI cutoff 
points for different ethnic groups (Jih et al., 
2014). Second, these ethnic differences may 
be mainly the result of socioeconomic dif-
ferences (Ujcic-Voortman, Bos, Baan, Ver-
hoeff, & Seidell, 2011), as ethnic minorities 
tend to have lower socioeconomic positions 
than majority populations (van Tubergen, 
Maas, & Flap, 2004). Third, cultural fac-
tors such as body size preferences, religious 
food practices, family dynamics, and gender 
roles may also influence dietary and physi-
cal activity behaviors (Cachelin, 2001).

In addition, evidence from the United 
States suggests that adults who experience 
more everyday racism have higher rates of 
obesity (Cozier et al., 2014) and that living 
in areas with higher levels of segregation in-
creases risk of obesity (Kershaw, Albrecht, 
& Carnethon, 2013). It has been suggested 
that these associations are due to the sorting 
of racial/ethnic minorities into poor-quality 
neighborhoods, limiting opportunities for 
social and economic mobility (Acevedo-
Garcia, Lochner, Osypuk, & Al, 2003). 
Indeed, Zenk et al. (2005) showed that ra-
cial residential segregation placed African 

Americans in more impoverished neighbor-
hoods with reduced access to supermarkets.

Safety and Crime
There is increasing evidence of an associa-
tion between neighborhood (un)safety and 
crime and adult body weight. Although 
some studies do not show such associations 
(e.g., Zhao, Kaestner, & Xu, 2014), most 
investigations support the hypothesis that 
higher levels of unsafety and crime (whether 
perceived or objectively observed) are as-
sociated with higher BMI and greater odds 
of overweight and obesity (Tamayo et al., 
2016). Evidence also suggests that this asso-
ciation can be explained by physical activity: 
Inhabitants of unsafe neighborhoods are less 
likely to be physically active and therefore 
have higher body weights (Eichinger, Titze, 
Haditsch, Dorner, & Stronegger, 2015). Al-
though most of this evidence originates from 
the United States, a recent publication from 
the International Physical Activity and En-
vironment Network (IPEN) confirmed that 
traffic safety and safety from crime were 
consistently associated with BMI across 15 
cities in 12 countries (De Bourdeaudhuij et 
al., 2015). We note, however, that it is diffi-
cult to appropriately adjust studies on safety 
and crime for SES. Low SES is an important 
risk factor for obesity, and low SES neigh-
borhoods tend to have higher rates of crime.

Economic Contributors to Obesity

Although obesity is a topic of great econom-
ic concern (Lehnert, Sonntag, Konnopka, 
Riedel-Heller, & König, 2013), economic 
contributors have been less researched com-
pared to other socioeconomic factors that 
affect weight status (Sobal & Stunkard, 
1989). Economic contributors to obesity 
may operate at the individual level (individu-
al purchasing power) and the macro/societal 
level (economic growth and prosperity).

Individual‑Level Economic Factors
As described earlier in this chapter, there is 
a strong association between SES and obe-
sity (Sobal & Stunkard, 1989). Income is an 
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often-used indicator of SES (Galobardes et 
al., 2006) that can affect obesity via mate-
rial resources such as food budgets, car and 
home ownership, and time use. With regard 
to time use, studies show that employed 
women nowadays spend significantly less 
time cooking, eating with their children, and 
playing with their children, and are more 
likely to purchase prepared foods (Cawley & 
Liu, 2012). U.S. adults consume less food at 
home and prepare meals from raw ingredi-
ents less frequently. It seems, however, that 
the reduction in time spent cooking since 
1965 has leveled off, with no substantial de-
crease occurring after the mid-1990s (Smith, 
Ng, & Popkin, 2013). Although evidence 
suggests that time use and food patterns 
impact weight status (Kolodinsky & Gold-
stein, 2011), it is unclear whether changes 
in obesity prevalence can be attributed to 
changes in time use.

With regard to car and home ownership, 
each additional kilometer walked per day 
is associated with a 4.8% reduction in the 
likelihood of obesity. By contrast, each ad-
ditional hour spent in a car per day is as-
sociated with a 6% increased risk of obesity 
(Frank, Andresen, & Schmid, 2004). More-
over, countries with higher levels of active 
transportation (i.e., transport by foot or 
bike) have lower obesity rates (Bassett, Pu-
cher, Buehler, Thompson, & Crouter, 2008), 
and replacing car travel with more active 
modes of transportation could significantly 
improve physical activity rates (Edwards & 
Tsourosm, 2008). Research from the United 
States also suggests that area-level housing 
prices are strongly associated with obesity, 
such that women in the bottom quartile 
of property values were over three times 
as likely to be obese than women in the 
top quartile (Rehm, Moudon, Hurvitz, & 
Drewnowski, 2012).

Income may also affect the amount of 
money available to purchase food (food 
budget), which may affect obesity via di-
etary behaviors (Rao, Afshin, Singh, & Mo-
zaffarian, 2013). Studies have shown that 
constraining food budgets can lower the nu-
tritional adequacy of the diet (Drewnowski 
& Darmon, 2005), and that economic un-
certainty may adversely affect people’s food 
choices (Waterlander et al., 2010). Dietary 

costs may therefore be a barrier to the up-
take and maintenance of healthy diets (Dar-
mon, Ferguson, & Briend, 2002). Research 
from the United States has shown that ad-
herence to a healthy diet (lower energy den-
sity, higher intake of vitamins, potassium, 
and dietary fiber) is costlier than adherence 
to a less healthy diet (e.g., Rao et al., 2013), 
and these results have been replicated in the 
United Kingdom (Monsivais et al., 2015). 
Importantly, healthy diets are also perceived 
to be more expensive than unhealthy diets 
(Monsivais et al., 2015). However, in some 
cases food insecurity also leads to creative 
strategies to make food dollars stretch—
for example, using strategies such as shop-
ping based on chain-specific discounts and 
in-store specials (Wiig & Smith, 2009). An 
intervention examining the effect of price 
discounts on fruit and vegetables showed 
higher fruit and vegetable purchases after a 
50% price reduction (Waterlander, de Boer, 
Schuit, & Seidell, 2013), suggesting that 
pricing strategies may be part of an effective 
strategy to promote healthy diets.

In contrast to food, physical activity does 
not necessarily have a direct financial cost 
(Swinburn et al., 1999). However, there 
are a number of economic factors that can 
influence the amount of physical activity 
in which people engage, such as municipal 
budgets for the maintenance of recreational 
facilities and footpaths, the proportion of 
national budgets allowed for health promo-
tion, traffic safety, and paid parking policies 
(Feeney, 1989; Swinburn et al., 1999).

Societal‑Level Economic Factors
Large shifts in diet and in physical activity 
patterns, particularly in the last one or two 
decades of the 20th century, are likely to 
be at least partly attributable to changes in 
societal-level economic factors, such as eco-
nomic growth and changes in food prices. 
Economic growth has a profound impact 
on health and weight status. For example, 
a study using data from postwar Japan 
showed that times of economic prosperity 
corresponded with increased consumption 
of tobacco, alcohol, and saturated fat (Tapia 
Granados, 2008). These periods also corre-
sponded with increased rates of inactivity, 
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work pressures, inadequate sleep, social iso-
lation, and traffic injuries (Tapia Granados, 
2008), all of which have links with chronic 
disease risk (Egger & Dixon, 2009). Study-
ing the situation in reverse, there is addition-
al support for the adverse effects of econom-
ic development. Cuba’s economic decline 
after Russia’s withdrawal in 1989 resulted 
in a 1,000 kcal/day average decrease in food 
intake. The decade that followed was char-
acterized by a decrease in overall mortality, 
obesity being halved, and a reduction in car-
diovascular mortality (Egger, 2011). Only 
cancers, which could be expected to have a 
longer time lag in relation to causality, had 
not been affected at the time of study (Egger 
& Dixon, 2009). These examples are related 
to major economic changes, showing that 
the affordability of high-energy foods and 
avoidance of physical activities have a major 
impact on rates of overweight and obesity. 
However, observations within affluent so-
cieties that the wealthiest or highest SES 
groups have lower obesity risk indicate that 
the relation between income and obesity is 
not linear.

National-level food prices are also influ-
ential and have changed during the past few 
decades. Economists’ first law of demand 
implies that a decrease in the price of food 
will cause an increase in consumption (Fin-
kelstein et al., 2005). As such, if the price of 
calorie-dense, prepackaged, and/or prepared 
foods (e.g., fast food) falls faster than prices 
for less calorie-dense foods (e.g., vegetables), 
individuals can be expected to shift their 
consumption toward these cheaper alterna-
tives. Indeed, the relative prices of calorie-
dense foods and beverages decreased from 
the 1980s as compared to the price of less 
energy-dense foods (Putnum & Allshouse, 
1999; Putnum, Allshouse, & Kantor, 2002). 
These trends are consistent with the observed 
rapid increase in the consumption of prod-
ucts made with added sugars and fats (Cut-
ler, Glaeser, & Shapiro, 2003; Drewnowski 
& Specter, 2004). Even from the year 2000 
onward, there has been a growing price dis-
parity between nutrient-dense foods and less 
nutritious options (Monsivais & Drewnows-
ki, 2007; Monsivais, Mclain, & Drewnows-
ki, 2010; Rao et al., 2013).

Given the likely contribution of economic 
factors to the obesity epidemic, economic in-

struments may also be used to help stem the 
rise in obesity. These may include effective 
health filters for agricultural policies, a ca-
loric sweetened beverage tax, and fruit and 
vegetable subsidies (Faulkner et al., 2011). 
Several experiments have been conducted to 
test the effects of discounting or subsidizing 
healthy products and/or increasing prices 
of unhealthy products, showing that such 
financial strategies can have an impact on 
food-purchasing behavior and food intake 
(e.g., Waterlander et al., 2013). Moreover, a 
recent study in New Zealand suggests that 
health-related food taxes and subsidies could 
not only improve diets, but also reduce mor-
tality from diet-related disease (Mhurchu et 
al., 2015).

Physical Environmental Contributors 
to Obesity

The physical environment influences en-
ergy intake and expenditure through the 
availability of food and physical activity 
options, including the presence and variety 
of food outlets, active transport options, 
and physical activity options at worksites 
(Swinburn et al., 1999). Physical environ-
ments include built environments and natu-
ral environments. Built environments refer 
to the places and spaces created by people 
(including buildings, parks, and transporta-
tion systems). Natural environments refer 
to environmental features such as beaches, 
mountains, and forests. The physical envi-
ronment can be divided further into micro 
(office space, home), meso (neighborhood, 
worksite), and macro (state, country) envi-
ronments.

Micro‑Level Physical Environmental Factors
Although macro environmental factors may, 
by definition, affect obesity levels of entire 
populations, even small changes in micro-
environments can, together, have a sig-
nificant impact on population levels (Hill, 
2009). Micro- or indoor-environmental 
characteristics have been studied across a 
range of settings, including the home, work-
place, and shops. Home environments can 
influence sedentary behaviors, physical ac-
tivities, and dietary behaviors via what is 
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available in the home. For example, having 
more televisions and other electronic screens 
in the home is associated with more seden-
tary behavior and higher levels of obesity 
(Thorp et al., 2011). More long-term food 
storage space is also associated with obesity 
(Emery et al., 2015).

Workplace environments are regarded 
as important settings for the prevention of 
obesity through individual-based work-
site programs (Heinen & Darling, 2009). 
Changes in worksite environments related to 
mechanization and automatization of work 
have led to a decrease in physical activity. 
As such, these changes may have contrib-
uted to the increase in obesity in the 1980s, 
but the shift away from manual employment 
largely predated this time period (Finkel-
stein et al., 2005). At present, worksites try 
to promote some physical activities among 
the workforce by stimulating stair use (Soler 
et al., 2010), decreasing occupational seden-
tary behavior via standing desks or “active” 
workstations (Neuhaus et al., 2014), and im-
proving the healthfulness of cafeteria food 
(Kjøllesdal, Holmboe-Ottesen, & Wandel, 
2011) and of the content of worksite vending 
machines (French et al., 2011). Yet it remains 
unclear what role present-day worksites play 
in promoting obesity within the larger envi-
ronment (Thorndike, 2011).

The indoor environment of shops can 
influence weight status through the avail-
ability, affordability, prominence, and pro-
motion of foods and/or restricting or (de-)
marketing food types (Black et al., 2014; 
Glanz, Bader, & Iyer, 2012). This is because 
there are differences in the overall healthful-
ness of the foods available in different stores 
(Black et al., 2014). Stores in lower-income 
neighborhoods stock fewer healthier vari-
eties of foods and offer much lower qual-
ity fresh produce (Andreyeva, Blumenthal, 
Schwartz, Long, & Brownell, 2008).

Meso‑Level Physical Environmental Factors
On the meso level, neighborhood environ-
ments are often studied, as they contain 
physical environmental attributes that are 
likely to be relevant for eating and physical 
activity behaviors (Diez Roux, 2001). Fre-
quently studied factors of the neighborhood 
environment include:

•• Aesthetics—for example, indicators such 
as graffiti, litter, natural features, and 
maintenance of buildings.

•• Safety—for example, safety from crime as 
well as traffic safety.

•• Land use mix—for example, the range of 
land uses, including residential, commer-
cial, and industrial, that are co-located.

•• Connectivity—for example, how well 
areas are connected through a network of 
paths or roads.

•• Walkability—for example, an index in-
cluding indicators such as population 
density, residential density, land use mix, 
intersection density, and connectivity.

•• Urban sprawl—for example, spreading of 
development out of a city.

•• Density—for example, concentration of 
food outlets, recreational facilities, resi-
dences, parks, etc.

These and other factors can influence rates of 
obesity in residential neighborhoods (areas 
where people live), work neighborhoods, or 
even the commuter neighborhoods.

In residential neighborhood environ-
ments, availability and proximity of recre-
ation facilities are generally associated with 
higher levels of physical activity among 
adults (Brownson, Baker, Housemann, 
Brennan, & Bacak, 2001; Mackenbach, 
Lakerveld, van Lenthe, et al., 2016). Find-
ings from a cross-European study (Lak-
erveld et al., 2015) also showed that resi-
dents living in neighborhoods with lower 
speed limits and better connectivity were 
more likely to engage in cycling for trans-
port (Mertens et al., 2016). These results are 
consistent with results from studies in other 
parts of the world suggesting that more des-
tinations (e.g., shops, offices, recreational 
facilities, health services) and opportunities 
for reaching these destinations by foot or bi-
cycle are beneficial for weight status (Muja-
hid et al., 2008; Oliver et al., 2015). Neigh-
borhood food environments have also been 
associated with obesity. For example, higher 
exposure to unhealthy food outlets such as 
takeout restaurants has been associated with 
higher consumption of fast food and obesity 
(Burgoine, Forouhi, Griffin, Wareham, & 
Monsivais, 2014), whereas the presence of 
supermarkets has been linked to higher fruit 
and vegetable intake and lower prevalence 
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of obesity (Morland, Diez Roux, & Wing, 
2006). In contrast with studies conducted 
in the United States, findings for these as-
sociations in the United Kingdom are less 
consistent (Cummins & Macintyre, 2006), 
perhaps because affordability also has im-
portant effects on diet and obesity (Breyer 
& Voss-Andreae, 2013).

Because adults usually spend a large share 
of their time at work, there is increasing at-
tention to the work environment. For exam-
ple, work environments may determine what 
mode of transport individuals use to get to 
work—for example, if there are no parking 
spaces available in the work area, individu-
als are less likely to drive to work (Macken-
bach, Randal, Zhao, & Howden-Chapman, 
2016). Similarly, if the work neighborhood 
is inviting in terms of physical activity—that 
is, is green, safe, and pleasant to walk/cycle 
in—individuals are more likely to walk or 
cycle to work (Craig, Brownson, Cragg, & 
Dunn, 2002). Evidence also suggests that the 
food environment in the work area can affect 
takeout consumption and obesity (Burgoine 
et al., 2014). Recently, commuting environ-
ments have been shown to affect diets and 
activity levels as well (Chaix et al., 2012). 
If commuting environments are unpleasant 
or unsafe for walking or cycling, individuals 
may be more likely to travel by car (Panter, 
Griffin, & Ogilvie, 2014). In addition, indi-
viduals who commute home from work have 
a preference for convenient, ready-prepared 
meals, which may strengthen the association 
between exposure to takeaway restaurants 
and obesity (Burgoine & Monsivais, 2013).

Macro‑Level Physical Environmental Factors
There is an extensive body of research on the 
changes in macro-environmental factors in 
relation to obesity (Popkin, 2005). Profound 
changes in global food supply and in the rel-
ative costs of foods have driven the nutrition 
transition (Popkin, 2004). The term nutri-
tion transition refers to the shift in dietary 
consumption from traditional diets high in 
cereal and fiber to diets high in sugar, fat, 
and animal-sourced foods, coinciding with 
demographic and epidemiological transi-
tion. There is increased consensus that the 
timing and magnitude of these macro-en-
vironmental changes can explain the rapid 

increase in obesity over the past few decades 
(Popkin, 2005). In addition, environmental 
changes are increasingly influential in low-
er-income countries. Generally, these pro-
cesses first affect the wealthier members of 
urban areas, but this is followed by a rever-
sal of the socioeconomic gradient as obesity 
becomes a disease of impoverished popula-
tions (Stunkard, 1996).

Apart from a major change in the macro-
food environment, changing urbanization 
rates are also affecting obesity, mainly in 
developing countries. This effect may be 
due to the increased availability of high- 
calorie foods from supermarket and fast-
food chains, more roads for passive travel, 
less open public spaces, more mass-media 
marketing of food and beverages, and less 
work-related physical activity (Hawkes, 
2006). For example, occupational physical 
activity in China has decreased due to rapid 
urbanization. Although light occupational 
activity is likely to increase with further ur-
banization, moderate to vigorous activity is 
likely to decrease (Monda, Gordon-Larsen, 
Stevens, & Popkin, 2007). Variation in 
physical environmental factors across coun-
tries may partly explain variation in physical 
activity and obesity. Indeed, walkability has 
been linked to physical activity and varies 
considerably across the world (Adams et al., 
2014), suggesting that the design of urban 
environments has the potential to contrib-
ute substantially to physical activity (Sallis 
et al., 2016). Other macro-level factors con-
sistently associated with obesity are urban 
sprawl and residential density (Mackenbach 
et al., 2014).

Conclusions

In conclusion, this chapter argues that the 
physical, social, and economic environments 
in which individuals live are important driv-
ers of the obesity epidemic. Current environ-
ments often promote or facilitate excessive 
food intake and discourage physical activity. 
Maintaining a healthy body weight is too 
much dependent on individual motivation 
and ability. Social, economic, and physical 
environmental factors may operate at differ-
ent levels (micro, meso, or macro) and inter-
act with individual motivation and abilities 
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in their influence on obesogenic behaviors 
and obesity. Researchers and policymakers 
should work toward creating environments 
that facilitate rather than hinder obesity pre-
vention and related health behaviors.
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Psychosocial functioning is an imperative 
marker of quality of life, and has been a 
topic of important consideration in the con-
text of obesity. In particular, researchers 
have examined psychosocial symptoms that 
may increase the risk for the development 
of obesity, as well as adverse psychosocial 
consequences that may result from having 
obesity. Prospective research is especially 
important for studying these relationships 
in order to test the direction of causal path-
ways linking psychosocial functioning to 
weight trajectories over time. This chapter 
summarizes recent evidence from large-scale 
studies of population and clinical samples to 
identify psychosocial factors associated with 
obesity, with a specific focus on the extent 
to which psychosocial risk factors are longi-
tudinally associated with obesity. We review 
the evidence of psychosocial risk factors for 
weight gain and psychosocial consequences 
of obesity, highlighting specific subgroups 
that may be particularly vulnerable. In ad-
dition, we highlight societal weight stigma 
as an important mechanism explaining links 
between obesity and adverse psychological 
functioning, as well as the clinical implica-
tions of this evidence for practitioners work-
ing with patients who have obesity.

Psychosocial Contributors to Obesity

To what extent do adverse emotions and 
psychological distress contribute to obesity 
and weight gain? Given that some individu-
als with obesity experience comorbid psy-
chological problems, longitudinal research 
is critical to investigate the course and pre-
dictive nature of psychological functioning 
on body weight. The following material 
summarizes recent evidence on the longitu-
dinal associations between psychosocial fac-
tors (depression, anxiety, stress, body dissat-
isfaction, and binge eating) and subsequent 
obesity and weight gain.

Depression
The links between depression and obesity 
have been examined in a number of longitu-
dinal studies. Two systematic reviews of this 
literature examined prospective associations 
between depression and the development 
of obesity. In Faith and colleagues’ review 
of 25 population-based studies, 15 studies 
specifically assessed a “depression-to-obesi-
ty” pathway, of which eight studies (53%) 
demonstrated depression to be a significant 
predictor of obesity, body mass index (BMI), 
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or weight gain over time (Faith et al., 2011). 
In general, depression was found to increase 
obesity risk with odds ratios (ORs) in the 
2.0–3.0 range. Overall, however, this review 
found stronger evidence for obesity lead-
ing to depression than vice versa, suggest-
ing that depression does not consistently or 
necessarily increase risk of obesity. In a sec-
ond review, Luppino et al. (2010) conducted 
a meta-analysis of 15 longitudinal studies, 
nine of which examined the effect of depres-
sion on obesity over time, and showed that 
depression was predictive of developing obe-
sity (OR 1.58).

The reciprocal and bidirectional link ob-
served in these reviews underscores the com-
plexity of the interaction between depression 
and obesity. In addition, the authors of these 
studies noted challenges in interpreting this 
evidence in light of the considerable meth-
odological variability of studies included in 
their reviews. Differences in sample sizes, 
age of participants, follow-up periods, self-
reported versus measured weight and height, 
selection of covariates, and treating weight 
status and/or depression as categorical or 
continuous variables all create difficulties 
in comparing studies and leave questions 
unanswered. Thus, additional work is war-
ranted to clarify the strength of evidence for 
depression as a risk factor for obesity.

More recent evidence from longitudinal 
studies has demonstrated somewhat similar 
findings. A notable example is evidence from 
the Nurses’ Health Study, in which 65,955 
women, ages 54–79, were prospectively fol-
lowed from 1996 to 2006, with assessment 
of body weight, depression (measured by 
physician-diagnosed depression and use of 
antidepressant medication), and covariates 
every 2 years (Pan, Sun, et al., 2012). After 
adjusting for baseline age, physical activity, 
comorbidities, BMI, and other covariates, 
depression was associated with an increased 
risk of obesity in women at follow-up. In 
addition, a prospective population-based 
cohort study of 3,054 adults in Switzerland 
found that major depressive disorder with 
atypical features was prospectively associat-
ed (over 5.5 years) with a higher increase in 
BMI, incidence of obesity, and waist circum-
ference in both men and women (Lasserre 
et al., 2014). These findings remained after 
controlling for potential confounders, in-

cluding sociodemographic and lifestyle 
characteristics, comorbid mental disorders, 
and antidepressant medication.

Proposals concerning underlying mecha-
nisms can help explain the complex rela-
tionship between depression and obesity. 
Some longitudinal research has found that 
emotional eating acts as a mediator between 
depression and future weight gain, especial-
ly in women (van Strien, Kontinnen, Hom-
berg, Engels, & Winkens, 2016). Depression 
may also contribute to unhealthy lifestyle 
behaviors, such as reduced physical activity 
or poor eating patterns, which could induce 
weight gain. Other research has emphasized 
biological factors that may be involved: 
namely, that depression may lead to obesity 
through dysregulation of the hypothalamic–
pituitary–adrenal (HPA) axis or cortisol re-
activity, which may play a role in abdominal 
obesity (Björntorp, 2001). Although anti-
depressant medication can have side effects 
that include weight gain, most research to 
date has found no differences in studies of 
participants with depression who undergo 
pharmacological treatment compared to 
those who do not (Luppino et al., 2010). Fi-
nally, weight stigmatization could increase 
the risk of depression, which, as discussed 
later in this chapter, can have a bidirectional 
relationship with obesity. Thus, additional 
longitudinal research is warranted to estab-
lish and clarify the underlying mechanisms 
linking depression to the development of 
obesity.

Anxiety
Compared to recent evidence examining 
links between depression and obesity, fewer 
longitudinal studies have assessed anxiety 
as a contributor to obesity. A Norwegian 
prospective cohort study of 25,180 adults 
found that symptoms of anxiety and depres-
sion were associated with weight gain and 
incidence of obesity over an 11-year period 
(Brumpton, Langhammer, Romundstad, 
Chen, & Mai, 2013). Participants who en-
dorsed any anxiety or depression had a 
significantly higher cumulative incidence 
of obesity. For men, symptoms of anxiety 
or depression were associated with an av-
erage increased weight of 0.81 kg after 11 
years compared to men without symptoms. 
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Women with these symptoms averaged a 
0.98-kg weight gain compared to women 
without anxiety or depression. Although 
this study used questionnaires rather than 
diagnostic interviews to assess anxiety and 
depression, the findings suggest that rela-
tively mild emotional distress may have an 
effect on weight gain and obesity.

Similar findings have emerged in other re-
cent longitudinal studies. In the Netherlands 
Study of Depression and Anxiety, baseline 
symptoms of anxiety in adults (N = 2,126) 
predicted an increase in abdominal obesity 
over a 2-year period, independent of poten-
tial reductions in symptom severity during 
the study period (van Reedt Dortland, Gilt-
ay, van Veen, Zitman, & Penninx, 2013). 
In a sample of 167 non-treatment-seeking 
adults, Manzato and colleagues observed 
that a lifetime history of an anxiety disorder 
reported at baseline predicted weight gain 1 
year later (Manzato, Bolognesi, Simoni, & 
Cuzzolaro, 2015). Further research is still 
needed to clarify the predictive value of anx-
iety for weight gain. Earlier work has dem-
onstrated somewhat mixed findings of the 
association with anxiety and future weight 
change, including some observed differences 
in outcomes for women and men (Chiriboga 
et al., 2008). Variability in measurement of 
anxiety, participant demographics, sample 
sizes, and follow-up periods across studies 
create challenges in interpreting findings. Al-
though cross-sectional research using large, 
racially diverse samples has demonstrated 
significant associations between anxiety 
disorders and a greater likelihood of obesity 
(Bodenlos, Lemon, Schneider, August, & 
Pagoto, 2011), the lack of longitudinal stud-
ies in this area leaves unanswered questions 
about the predictive nature of anxiety for 
obesity and weight gain.

Psychosocial Stress
General life stress and/or experiencing 
stressful life events may contribute to obesity 
risk in women and men. In a meta-analysis 
of 14 longitudinal studies, Wardle and col-
leagues found that psychosocial stress (i.e., 
general life stress or work stress) was posi-
tively related to the development of adipos-
ity (objectively measured), but effects were 
modest (Wardle, Chida, Gibson, Whitaker, 

& Steptoe, 2011). Across all analyses, 69% 
of studies showed no significant relationship 
between stress and adiposity, but among 
those with significant effects, more demon-
strated positive (25%) than negative (6%) 
associations. Effects were larger in studies 
with longer follow-up periods, and stress 
seemed to play a stronger role in the onset of 
obesity for men than women.

More recent studies have documented 
fairly consistent longitudinal associations of 
stress and weight gain. In a national, popu-
lation-based sample of Australian adults (N 
= 5,118), perceived stress and stressful life 
events were positively associated with weight 
gain (but not weight loss) over a 5-year peri-
od (Harding et al., 2014). Among those who 
maintained or gained weight, high levels of 
perceived stress at baseline predicted a 0.20–
0.26 kg/m2 greater mean change in BMI 
compared to those with low stress. Individu-
als with multiple sources of stressors were at 
the greatest risk of weight gain. Effects were 
stronger for participants who were young-
er, nonsmokers, and whose BMI was in the 
normal or overweight range. These findings 
are similar to those of an Australian study 
of 1,382 women from socioeconomically 
disadvantaged areas, for whom higher per-
ceived stress was associated with an increase 
of 11% in the odds of being obese 3 years 
later (Mouchacca, Abbot, & Ball, 2013). In 
longitudinal studies with smaller samples of 
adults, work-related stress has been found 
to predict increased BMI (Berset, Semmer, 
Elfering, Jacobshagen, & Meier, 2011), and 
higher levels of perceived stress have been 
found to predict weight gain through an in-
teraction with emotional eating (Ibrahim, 
Thearle, Krakoff, & Gluck, 2016).

Effects of stress on weight gain may dif-
fer across demographic characteristics and 
health-related variables such as baseline 
BMI, or physiological stress levels such as 
cortisol reactivity, which may lead some 
individuals to gain more weight than oth-
ers under stressful circumstances (Harding 
et al., 2014). For example, findings from 
Wardle and colleagues’ (2011) meta-anal-
ysis, which found that effects of stress on 
obesity were stronger for men than women, 
could potentially be attributable to stron-
ger physiological responses to stress among 
men compared to women, including higher 
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cortisol levels following acute exposure to 
stress (Wardle et al., 2011). This evidence 
highlights the complexity of studying the 
relationship between stress and weight, as 
well as the need for consistent measurement 
of stress across different populations and 
for increased research to identify underly-
ing mechanisms in this relationship, such as 
emotional eating.

Body Dissatisfaction
Body dissatisfaction tends to increase with 
BMI and has been found to increase the 
risk of disordered eating and depressive 
symptoms (Calzo et al., 2012), but its asso-
ciation with weight outcomes has received 
less attention. Recent prospective research 
in this area has studied adolescence as an 
important baseline developmental period, 
given the salience of bodily changes and 
body image during this time (Alberga, Sigal, 
Goldfield, Prud’homme, & Kenny, 2012). A 
number of studies examined the predictive 
nature of body dissatisfaction on obesity 
and weight change in Project EAT (Eating 
and Activity in Teens and Young Adults), a 
10-year longitudinal investigation of adoles-
cents that examined factors associated with 
weight-related outcomes in adulthood (N 
= 4,746 at baseline). In Project EAT, body 
satisfaction was measured using a modified 
version of the Body Shape Satisfaction Scale 
(Slade, Dewey, Newton, Brodie, & Kiemle, 
1990). Several recent studies with this sam-
ple found body dissatisfaction to be a risk 
factor for overweight in adulthood. In one 
study, Goldschmidt and colleagues found 
that for both males and females (N = 1,902), 
body dissatisfaction in adolescence was a 
shared risk factor for overweight in young 
adulthood (Goldschmidt, Wall, Tse-Hwei, 
Becker, & Neumark-Sztainer, 2016). In a 
second study, Quick and colleagues tracked 
adolescents (N = 2,134) who completed 
baseline surveys in 1998–1999 and follow-
up surveys in 2008–2009 when they were 
young adults (Quick, Wall, Larson, Haines, 
& Neumark-Sztainer, 2013). Among both 
females and males, higher levels of body 
dissatisfaction predicted the incidence of 
overweight at 10-year follow-up when con-
trolling for baseline BMI. Other factors that 
predicted overweight included higher levels 

of weight concerns, unhealthy weight con-
trol behaviors, dieting, binge eating, weight-
related teasing, and parental weight-related 
concerns during adolescence. Finally, Loth 
and colleagues examined Project EAT par-
ticipants who were overweight at baseline 
(N = 496) and found that overweight girls 
with the most body dissatisfaction at base-
line had almost a 3-unit increase in BMI at 
10-year follow-up compared to those with 
less body dissatisfaction. No association 
between body satisfaction and BMI change 
was observed in boys (Loth, Watts, van den 
Berg, & Neumark-Sztainer, 2015).

Less research has examined the predic-
tive nature of body dissatisfaction on weight 
outcomes in adults or used national datasets 
to identify differences in body dissatisfac-
tion across population characteristics such 
as sex, BMI, race/ethnicity, and age (Fiske, 
Fallon, Blissmer, & Redding, 2014). Still, 
some studies have found that as many as 
72% of women and 61% of men may experi-
ence body dissatisfaction (Fiske et al., 2014), 
which could play a role in weight changes 
over time. Mintem, Gigante, and Horta 
(2015) examined 2004 follow-up data of 
3,702 adults in the 1982 Pelotas Birth Co-
hort panel in Brazil. Participants with in-
creased BMI during the study period ex-
hibited elevated risk of body dissatisfaction, 
which was higher for women than for men. 
In contrast, a Canadian longitudinal study 
of 1,793 older adults (ages 67–84) found 
that despite higher weight dissatisfaction in 
women than men (and a similar prevalence 
of obesity in both groups), weight gain was 
associated with body dissatisfaction in men 
only (Roy, Shatenstein, Gaudreau, Morais, 
& Payette, 2014). Caution is warranted in 
interpreting these results, as measurement 
relied on a single item of weight satisfaction.

Thus, although body dissatisfaction has 
received attention as a psychosocial vari-
able that predicts weight trajectories in 
the lives of young people, measurement of 
body dissatisfaction has varied across stud-
ies. Prospective research is needed to fur-
ther investigate longitudinal links between 
body dissatisfaction and weight outcomes 
throughout middle and late adulthood and 
to investigate whether, like depression, there 
are reciprocal links between body dissatis-
faction and obesity. Given established links 



 Psychosocial Contributors to and Consequences of Obesity 153

between body dissatisfaction and disordered 
eating, dieting, and depressive symptoms, 
investigators should now focus on identi-
fying what effect body satisfaction has on 
weight gain independent of other psychoso-
cial factors.

Binge‑Eating Disorder
As reviewed by McCuen-Wurst and Allison 
(Chapter 11, this volume) and Grilo (Chap-
ter 34, this volume), binge-eating disorder 
(BED) is a common comorbid condition 
with obesity. Individuals with BED are more 
likely to have obesity, and BED becomes 
more prevalent with increased obesity se-
verity. Thus, it is important to consider the 
predictive role of BED as a psychosocial con-
tributor to obesity or weight gain.

Among nontreatment samples, recent lon-
gitudinal research has yielded mixed find-
ings. Field et al. (2014) followed a national 
cohort of 5,527 young men from 1999 to 
2010 and found no associations between 
BED (partial or full criteria) and the devel-
opment of obesity. Manzato, Bolognesi, Si-
moni, and Cuzzolaro (2015) observed that 
baseline anxiety and poor body image, but 
not binge eating (assessed with the Binge 
Eating Scale; Gormally, Black, Daston, & 
Rardin, 1982), predicted weight gain 1 year 
later in a sample of 167 overweight adults. In 
contrast, a study of 16,882 youth and ado-
lescents from 1996 to 2005 found that binge 
eating (but not overeating) was uniquely pre-
dictive of incident overweight and obesity at 
follow-up (Sonneville et al., 2013). Findings 
from Project EAT similarly indicated that 
binge eating was one of several factors that 
predicted the incidence of overweight in 
both males and females at a 10-year follow-
up (Quick et al., 2013).

Research with clinical samples of adults 
suggests that BED may have predictive value 
for weight outcomes. For example, Barnes, 
Blomquist, and Grilo (2011) examined 
weight trajectories of 68 obese patients with 
BED in the year prior to enrollment in treat-
ment for BED. The majority (65%) gained 
weight, and weight gain was associated with 
more frequent binge-eating episodes. Ivezaj 
and colleagues examined weight change tra-
jectories among patients with overweight or 
obesity who either met criteria for BED (N 

= 26) or did not (N = 71; Ivezaj, Kalebjian, 
Grilo, & Barnes, 2014). Weight changes 
during the year prior to seeking treatment 
differed significantly by group: BED patients 
gained an average of 8.3 kg, whereas those 
without BED gained an average of 0.7 kg. 
In total, BED status and binge-eating fre-
quency each made independent, significant 
contributions to predicting weight change 
over the course of 1 year.

Recent work in this area has increasingly 
focused on the impact of BED on weight 
outcomes, specifically in patients undergo-
ing weight loss surgery. Wadden et al. (2011) 
compared 1-year changes in weight among 
bariatric surgery patients with and without 
preoperative BED. Individuals without BED 
lost 24% of initial weight, compared to 22% 
for those with BED. The lack of significant 
differences between these groups suggests 
that the preoperative presence of BED did 
not impair weight loss 1 year later among 
patients who had surgery. More recently, 
Meany, Conceição and Mitchell (2014) 
reviewed longitudinal evidence from 15 
studies regarding the development of binge 
eating, BED, and loss of control eating on 
long-term weight outcomes following bar-
iatric surgery. Fourteen of the 15 studies 
found prospective associations between the 
development of these eating disturbances 
and more weight regain (or less weight loss) 
following surgery. However, studies differed 
with regard to the measurement of binge 
eating (self-report vs. clinical interview) and 
weight outcomes (e.g., BMI, % weight loss, 
weight regain), as well as length of follow-
up, indicating that more research is needed 
to clarify the prospective effect of BED on 
weight outcomes in surgical patients. Al-
though the results in a number of studies 
point to a contributing role of BED in weight 
trajectories over time, more prospective re-
search is needed with community, clinical, 
and surgery populations to determine the 
extent to which BED directly and indepen-
dently predicts weight gain.

Summary
Recent evidence suggests that there may be 
some longitudinal links between weight gain 
and adverse emotional experiences such as 
depression, anxiety, stress, body dissatisfac-
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tion, and binge eating. However, findings to 
date are mixed. Inconsistent results may re-
flect methodological variability across stud-
ies, ranging from differences in sample char-
acteristics to measurement of psychological 
variables and selection of covariates. To bet-
ter clarify the predictive role of adverse emo-
tions on body weight, prospective studies are 
needed with (1) larger populations to allow 
for exclusion of participants with comorbid-
ities that might influence emotional status 
or body weight, (2) longer follow-up peri-
ods, (3) ethnically diverse samples, and (4) 
a clearer examination of the clinical signifi-
cance of effect sizes. Importantly, psychoso-
cial variables that have received more longi-
tudinal research attention (e.g., depression) 
highlight the reciprocal and bidirectional 
nature of these associations. Compared to 
evidence of psychosocial contributors to 
obesity, there is stronger evidence that obe-
sity leads to psychosocial consequences.

Psychosocial Consequences of Obesity

Early population studies that examined psy-
chological functioning among individuals 
with obesity found minimal differences in 
comparison to individuals without obesity 
(Friedman & Brownell, 1995; Stunkard & 
Wadden, 1992; Wadden & Stunkard, 1985). 
Friedman and Brownell (1995) highlighted 
methodological limitations of these early 
studies, including small sample sizes, vary-
ing definitions of obesity, inadequate assess-
ment of psychological status, and lack of con-
trol groups. Over the past several decades, 
knowledge in this area has been advanced 
with studies utilizing large, representative 
samples and longitudinal designs. Overall, 
findings suggest an increased risk for psy-
chological distress and impaired quality of 
life among individuals with obesity. It is im-

portant to note, however, that individuals 
with obesity are a heterogeneous group, and 
the majority of individuals with obesity in 
the general population do not meet criteria 
for a mental health disorder. We emphasize 
the danger in stereotyping all individuals 
with obesity as struggling with emotional 
problems, because such an assumption can 
contribute to weight-based stigma. Nonethe-
less, we review the evidence suggesting that 
obesity may negatively affect mental health 
and quality of life, highlighting specific sub-
groups that may be particularly vulnerable.

Mental Health among Individuals 
with Obesity
Depression
Of the potential psychological consequences 
of obesity, depression is the most thoroughly 
researched (Berkowitz & Fabricatore, 2011). 
Two systematic reviews of cross-sectional 
population- and community-based studies 
estimated a small increased risk for depres-
sion among individuals with obesity (Atlan-
tis & Baker, 2008; de Wit et al., 2010), with 
de Wit and colleagues finding an OR (based 
on meta-analysis) of 1.18 (see Table 10.1). 
When risk for depression was analyzed 
separately for men and women with obesity, 
only women were found to be at heightened 
risk (Atlantis & Baker, 2008; de Wit et al., 
2010). In a systematic, meta-analytic review 
of longitudinal studies, Luppino et al. (2010) 
reported a pooled OR of 1.55 for the associa-
tion between obesity and the development of 
depression. Consistent with these findings, 
another review of 10 prospective studies ex-
amining the impact of obesity on depression 
reported that ORs generally ranged from 1 
to 2 for obesity-to-depression associations 
(Faith et al., 2011). Of note, there was con-
siderable heterogeneity in the relationship 

TABLE 10.1. Pooled Odds Ratios for Depression among Individuals with Obesity 
from Meta‑Analyses

Publication Overall OR (95% CI) Women Men

Luppino et al. (2010) 1.55 (1.22–1.98) 1.67 (1.11–2.51) 1.31 (1.13–1.15)

de Wit et al. (2010) 1.18 (1.01–1.37) 1.32 (1.23–1.40) 1.00 (0.76–1.31)

Note: Studies included in meta-analyses utilized population- or community-based samples (not 
clinical samples).  OR, Odds ratio; CI, Confidence interval.
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between obesity and depression, and gender 
consistently emerged as a moderator.

Subsequent longitudinal studies not in-
cluded in these reviews and meta-analyses 
have reported mixed findings. In a recent 
study of 2,981 participants from the Neth-
erlands Study of Depression and Anxiety, 
greater BMI and waist circumference pre-
dicted a 17% increased risk of developing 
major depressive disorder over a 6-year pe-
riod, even when controlling for other health 
factors (Gibson-Smith et al., 2016). Con-
versely, a longitudinal study of over 10,000 
adults conducted by the Canadian National 
Population Health Survey found that obesity 
was a negative predictor of depression among 
men and was not a significant predictor of 
depression among women over a 12-year 
period (Gariepy, Wang, Lesage, & Schmitz, 
2010). Another study of 4,643 participants 
in the Coronary Artery Risk Development 
in Young Adults study found no relationship 
between initial BMI or waist circumference 
and subsequent depressive symptoms over a 
20-year period (Needham, Epel, Adler, & 
Kiefe, 2010). Thus, further research is need-
ed to clarify whether individuals with obe-
sity in the population are, on the whole, at 
increased risk for developing depression.

Anxiety and Substance Use
In addition to depression, obesity may in-
crease the risk for anxiety disorders. A sys-
tematic review of 16 population studies that 
assessed the relationship between obesity 
and anxiety disorders (2 longitudinal and 14 
cross-sectional) found a moderate increased 
risk of anxiety disorders among individuals 
with obesity (Gariepy, Nitka, & Schmitz, 
2010). The authors conducted a meta-anal-
ysis of 13 of the cross-sectional studies and 
reported a pooled OR of 1.40, with con-
sistent results across gender. However, a 
subsequent prospective study conducted by 
Pickering et al. (2011) demonstrated no in-
creased risk of anxiety disorders among men 
or women, highlighting the need for further 
research.

Limited research has addressed the rela-
tionship between obesity and other psychi-
atric disorders in the general population, but 
some studies suggest a reduced likelihood of 
substance use disorders among individuals 
with obesity (Mather, Cox, Enns, & Sareen, 

2009; Scott et al., 2008; Simon et al., 2006). 
These effects may be particularly present 
among men (Pickering et al., 2011) and Af-
rican Americans (Rosen-Reynosos, Alegria, 
Chen, Laderman, & Roberts, 2011). How-
ever, Petry, Barry, Pietrzak, and Wagner 
(2008) reported an increased lifetime preva-
lence of alcohol use disorders among adults 
with obesity. Only Pickering et al. (2011) 
examined this relationship prospectively, 
and more research is needed to delineate the 
potential mechanisms by which obesity may 
affect the likelihood of substance abuse and 
dependence.

Body Dissatisfaction
Although not a mental disorder in and of it-
self, body dissatisfaction is a well-established 
psychological consequence of obesity, par-
ticularly for women (Schwartz & Brownell, 
2004). Friedman and Brownell (1995) con-
ducted a meta-analysis of the relationship 
between obesity and body dissatisfaction 
and reported a large effect size (d = 0.85). 
In one study of over 1,700 U.S. women ages 
40 years and older with overweight/obesity, 
47.6% of women indicated that they were 
not satisfied with their body size (Ander-
son, Eyler, Galuska, Brown, & Brownson, 
2002). This finding is consistent with prior 
work by Sarwer, Wadden, and Foster (1998), 
which found that women with obesity seek-
ing weight loss (n = 79) reported greater 
body dissatisfaction than controls (n = 43), 
and 8% of women exhibited body image 
disturbance comparable to body dysmor-
phic disorder. The clinical significance of 
body image becomes clear when considering 
evidence that dissatisfaction may partially 
account for depression among women with 
obesity (Gavin, Simon, & Ludman, 2010), 
and weight and shape concerns may have an 
equivalent impact on psychosocial impair-
ment as physical health status for both men 
and women (van Zutven, Mond, Latner, & 
Rodgers, 2015).

Risk Factors Associated with Mental 
Health in Individuals with Obesity

Several key demographic and clinical char-
acteristics have been identified as potential 
determinants of heightened risk for psycho-
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logical distress among individuals with obe-
sity. Specifically, heightened risk of impaired 
mental health is associated with gender, se-
vere obesity, seeking treatment, and BED.

Gender
Most studies to date have found no differ-
ences or conflicting findings regarding the 
role of demographic characteristics such as 
race, ethnicity, socioeconomic status (SES), 
and age in the relationship between obesity 
and mental health (Heo, Pietrobelli, Fon-
taine, Sirey, & Faith, 2006; Hicken et al., 
2013; Preiss, Brennan, & Clarke, 2013; 
Rosen-Reynosos et al., 2011). However, re-
search evidence in this area has consistently 
pointed to the importance of gender. As pre-
viously noted, women with obesity may be 
particularly vulnerable to depression. In a 
cross-sectional examination of 8,410 partic-
ipants in the National Health and Nutrition 
Examination Survey (NHANES) III data, 
only women with obesity had increased risk 
for depression, with 6.7% of women with 
obesity meeting criteria for depression in 
the past month, compared to 2.9% of men 
(Onyike, Crum, Lee, Lyketsos, & Eaton, 
2003). A 2013 systematic review of modera-
tors in the relationship between obesity and 
depression found that female gender was as-
sociated with greater risk of depression in 
12 of 20 cross-sectional studies (Preiss et al., 
2013).

Subsequent longitudinal studies have 
added to the body of evidence supporting a 
differential and heightened risk for depres-
sion among women with obesity (Geof-
froy, Li, & Power, 2014; Konttinen et al., 
2014; Pan, Sun, et al., 2012; Pickering et 
al., 2011). Among 701 adolescents followed 
prospectively into adulthood in the Children 
in the Community Study, female (but not 
male) participants who had obesity in ado-
lescence were almost four times more likely 
to develop a subsequent anxiety disorder or 
major depressive disorder across 20 years 
than female participants without overweight 
or obesity (Anderson, Cohen, Naumova, 
Jacques, & Must, 2007). Of note, gender 
differences have not consistently appeared in 
relation to obesity and anxiety disorders in 
other large-scale studies (Dalrymple, Marti-
nez, Rosenstein, Kneeland, & Zimmerman, 
2015; Mather et al., 2009). As described 

earlier, women are more likely to experience 
body dissatisfaction than men (Schwartz & 
Brownell, 2004).

Severe and Abdominal Obesity
Individuals with severe obesity are at height-
ened risk for depression (Preiss et al., 2013). 
In the aforementioned cross-sectional ex-
amination of the NHANES III data (Onyike 
et al., 2003), 6.7% of women with any level 
of obesity and 13% of women with class 
3 obesity had depression in the preceding 
month (as determined by structured clini-
cal interviews); rates among men were 2.9% 
and 11.5%, respectively. Analyses dem-
onstrated that only women (and not men) 
with obesity had an increased prevalence 
of past-month depression in comparison to 
individuals in the normal-weight range, but 
both women and men with class 3 obesity 
had a heightened prevalence of past-month 
depression (ORs = 3.78 and 7.68, respec-
tively). An examination of 1,857 women in 
the 2005–2006 NHANES sample revealed 
a dose-dependent relationship between BMI 
and depression, such that increased risk of 
moderate to severe depressive symptoms and 
major depression began at a BMI of 30 kg/
m2. Women with class 3 obesity exhibited 
4.9 times the risk of depression compared 
to women with class 1 obesity (Ma & Xiao, 
2010). The increased odds of depression 
among individuals with severe obesity tend 
to be consistent across race and gender, even 
when controlling for obesity-related comor-
bidities (Dong, Sanchez, & Price, 2004; 
Zhao et al., 2009).

Apart from BMI-based assessments of se-
vere obesity, abdominal or central obesity 
may also be associated with increased risk 
for depression. In a systematic review and 
meta-analysis of the relationship between 
abdominal obesity and depression, individu-
als with abdominal obesity had a 38% in-
creased risk of depression in comparison to 
individuals without obesity (Xu, Anderson, 
& Lurie-Beck, 2011). These results were 
consistent across age and gender, suggest-
ing that when severe obesity is defined by 
waist circumference rather than BMI, its 
relationship with depression persists. How-
ever, a longitudinal study of 2,540 older 
adults not included in the review demon-
strated an increased risk of depression only 
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for men (and not women) with abdominal 
obesity, independent of overall obesity (Vo-
gelzangs et al., 2010). Some studies have re-
ported no significant associations between 
waist circumference and risk for depression 
when adjusting for BMI and medical condi-
tions (Ma & Xiao, 2010; Zhao et al., 2011). 
However, one study (N = 293) found that in-
dividuals with central obesity who did and 
did not have metabolic syndrome had equiv-
alent prevalence rates of mood and anxiety 
disorders (Carpiniello, Pinna, Velluzzi, & 
Loviselli, 2012). Another study of 1,066 
individuals with type 2 diabetes reported a 
significant association between abdominal 
obesity and depressive symptoms (Labad et 
al., 2010). These findings suggest that the 
relationship between abdominal obesity and 
mental disorders may exist independent of 
obesity-related health comorbidities.

Treatment‑Seeking Individuals
Several decades of research have demon-
strated that individuals with obesity who 
seek treatment for weight loss tend to have 
greater psychopathology than individuals 
with obesity who do not seek care, suggest-
ing that distress may be a driving motivation 
for individuals with obesity to seek weight 
reduction (Fitzgibbon, Stolley, & Kirschen-
baum, 1993; Friedman & Brownell, 1995; 
Stunkard & Wadden, 1992). Patients seek-
ing weight loss through bariatric surgery 
have particularly high rates of mental disor-
ders. In a recent meta-analysis of 59 publica-
tions assessing the mental health of patients 
seeking and undergoing bariatric surgery, 
depression was the most common disorder 
(prevalence estimate = 19%), followed by 
BED (17%) and anxiety (12%; Dawes et al., 
2016). The presence of any mood disorder 
was 23%, which was significantly elevated 
in comparison to the U.S. general popu-
lation estimate of 10%. Individuals seek-
ing bariatric surgery may exhibit elevated 
risk of mental disorders in comparison to 
other treatment-seeking individuals. Wad-
den et al. (2006) evaluated 149 women with 
class 3 obesity seeking bariatric surgery, in 
comparison to 90 women with class 1 or 2 
obesity seeking behavioral weight control. 
Investigators administered the Beck Depres-
sion Inventory–II (Beck, Ward, Mendel-
son, Mock, & Erbaugh, 1961), Rosenberg 

Self-Esteem Scale (Rosenberg, 1965), and 
Weight and Lifestyle Inventory (Wadden & 
Foster, 2006). Women seeking bariatric sur-
gery reported lower self-esteem and greater 
symptoms of depression than the women 
with less severe obesity seeking behavioral 
weight loss. These findings may reflect the 
greater severity of obesity among patients 
seeking bariatric surgery and/or suggest that 
individuals seeking more intensive forms of 
weight loss treatment have heightened psy-
chological vulnerability.

BED
Eating disorders (BED, in particular) are 
associated with increased risk for impaired 
psychosocial status. In a population-based 
study of 2,163 twins assessed with struc-
tured clinical interviews and the 42-item 
Symptom Checklist (Derogatis, 1983), 
women who engaged in binge eating and 
had obesity reported worse physical health 
and mental health (e.g., lifetime history of 
depression, panic disorder, and alcohol de-
pendence) than women with obesity who 
did not binge-eat (Bulik, Sullivan, & Kend-
ler, 2002). With regard to clinical samples, 
a study by Rosenberger, Henderson, and 
Grilo (2006) assessed 174 bariatric patients 
via structured clinical interviews. Patients 
diagnosed with an eating disorder (13.8%), 
including BED (4.6%), were significantly 
more likely to have another current or life-
time psychiatric diagnosis than patients 
without an eating disorder (Rosenberger et 
al., 2006). Specifically, 66.7% of bariatric 
patients with an eating disorder met criteria 
for a lifetime comorbid diagnosis, whereas 
only 26.7% of patients without an eating 
disorder met criteria for one lifetime psychi-
atric diagnosis. Similar findings have been 
reported in other studies, in which both pa-
tients seeking bariatric surgery and commu-
nity samples of individuals with obesity who 
meet criteria for BED exhibited greater de-
pressive symptoms, perceived stress, eating 
pathology (including body dissatisfaction), 
negative affect, and state and trait anxiety 
than individuals without BED (Klatzkin, 
Gaffney, Cyrus, Bigus, & Brownley, 2015; 
Vinai et al., 2015). Evidence suggests that a 
BED diagnosis may be more predictive than 
obesity severity of poorer psychosocial qual-
ity of life (Perez & Warren, 2012), empha-
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sizing the need to address BED symptoms 
when treating obesity.

Impact of Obesity on Quality of Life

In addition to specific mental disorders and 
symptoms, obesity negatively affects overall 
quality of life (QoL). Broadly defined, QoL 
encompasses the overall impact of disease 
(i.e., obesity) on functioning and well-be-
ing (Fontaine & Barofsky, 2001; Kolotkin, 
Meter, & Williams, 2001). A large body 
of research has investigated health-related 
quality of life (HRQoL), and more specifi-
cally, weight-related quality of life.

Health‑ and Weight‑Related QoL
Assessed with measures such as the Medi-
cal Outcomes Study 36-Item Short-Form 
Health Survey (SF-36; McHorney, Ware, 
Lu, & Sherbourne, 1994) and the Impact 
of Weight on Quality of Life Lite (IWQoL; 
Kolotkin, Crosby, Kosloski, & Williams, 
2001), health- and weight-related QoL in-
clude impairments due to perceptions of 
health, bodily pain, difficulty fulfilling 
physical or social roles, low energy, mo-
bility, public distress, sexual dysfunction, 
self-esteem, and emotional problems (Fon-
taine & Barofsky, 2001; Kolotkin, Meter, 
& Williams, 2001). Two reviews published 
in 2001 summarized evidence from cross-
sectional studies demonstrating associations 
between obesity and poorer physical and 
mental health functioning, and from lon-
gitudinal studies suggesting a link between 
weight gain and reductions in HRQoL (Fon-
taine & Barofsky, 2001; Kolotkin, Meter, 
& Williams, 2001). More recently, Jia and 
Lubetkin (2010) assessed quality-adjusted 
life-years (QALYs) lost due to obesity, which 
was defined as a measure of disease burden 
based on reductions in HRQoL scores in 1 
year (or morbidity) and projected premature 
death or mortality. Results indicated that 
from 1993 to 2008, QALYs lost due to obe-
sity increased by 127% among U.S. adults 
and were comparable to QALYs lost due to 
smoking. Sexual quality of life is also worse 
among individuals with obesity (Kolotkin 
et al., 2006). This relationship may be at-
tributable, in part, to the impact of excess 
weight and obesity-related comorbidities 

(such as type 2 diabetes) on reproductive 
hormones and sexual dysfunction, as well as 
to psychosocial factors (e.g., depression and 
body image) that may affect sexual function 
and satisfaction (Sarwer, Lavery, & Spitzer, 
2012).

As with specific mental health outcomes, 
certain subgroups of individuals with obe-
sity may be more prone to impaired QoL. 
Women and African Americans with obesi-
ty seem to experience worse QoL than men 
and European Americans with obesity (Has-
san, Joshi, Madhavan, & Amonkar, 2003; 
Katz, McHorney, & Atkinson, 2000; Ko-
lotkin, Meter, & Williams, 2001), although 
one study found that European Americans 
with obesity had poorer QoL than African 
Americans (Kolotkin, Crosby, & Williams, 
2002). Additionally, higher levels of obesity 
tend to be associated with poorer QoL (Ko-
lotkin, Meter, & Williams, 2001). For ex-
ample, results from a large population-based 
sample (N = 182,372) demonstrated that 
individuals with severe obesity experienced 
more “unhealthy” and limited activity days 
(due to impaired mental or physical health) 
than individuals in other weight categories 
(Hassan et al., 2003). Treatment-seeking in-
dividuals also appear to be more impaired 
than individuals with obesity who do not 
seek weight loss (Kolotkin, Crosby, & Wil-
liams, 2002).

Obesity-related physical health comorbid-
ity—including pain, sleep apnea, metabolic 
syndrome, type 2 diabetes, and cardiovas-
cular disease—is another prominent clinical 
risk factor for impaired QoL. In a sample 
of 500 patients with severe obesity, chronic 
pain and sleep apnea emerged as consistent 
predictors of reduced HRQoL (Warkentin et 
al., 2014). Cross-sectional data from a pop-
ulation-based study (N = 44,800) found that 
the relationship between BMI and QoL was 
mediated by joint pain and other obesity-
related comorbidities such as diabetes and 
hypertension (Heo, Allison, Faith, Zhu, & 
Fontaine, 2003). Several cross-sectional and 
longitudinal studies have also documented 
relationships between metabolic syndrome 
and depression (Heiskanen et al., 2006; 
Kahl et al., 2015; Pan, Keum, et al., 2012), 
even when controlling for BMI (Skilton, 
Moulin, Terra, & Bonnet, 2007). Similarly, 
type 2 diabetes may be associated with a 
moderately increased risk of depression (Ali, 
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Stone, Peters, Davies, & Khunti, 2006) and 
worse HRQoL among individuals with obe-
sity, particularly if they experience diabetes-
related complications (Coffey et al., 2002; 
Redekop et al., 2002). Of note, some stud-
ies have not found significant associations 
between metabolic syndrome or type 2 dia-
betes and HRQoL when controlling for fac-
tors such as BMI and depression (Kolotkin, 
Crosby, & Williams, 2003; Tsai et al., 2008; 
Vetter et al., 2011). However, participants in 
these samples may have had particularly low 
levels of QoL overall (Kolotkin et al., 2003), 
and disease burden still emerged as a predic-
tor of reduced HRQoL (Vetter et al., 2011).

Disability and Socioeconomic Consequences
Disability due to obesity represents another 
form of psychosocial impairment that im-
pacts QoL through socioeconomic conse-
quences. Data from the NHANES sample 
(N = 9,928) indicate that older adults with 
obesity are over two times more likely to re-
port functional impairment and limitations 
in activities of daily living (ADLs) than indi-
viduals without obesity, and the prevalence 
of functional impairment among individuals 
with obesity increased by 5.4% between the 
1988–1994 and 1999–2004 waves (Alley & 
Chang, 2007). Furthermore, in a sample of 
12,725 older adults, hazard ratios for ADL 
disability over the course of 7 years were 
found to be heightened for individuals with 
classes 1, 2, or 3 obesity, with increasing 
risk at each class (Snih et al., 2007). Re-
duced mobility, functioning (including abil-
ity to work), and disability-free days due to 
obesity have been consistently documented 
in other cross-sectional and longitudinal in-
vestigations (Peeters, Bonneux, Nusselder, 
DeLaet, & Barendregt, 2004; Sturm, Rin-
gel, & Andreyeva, 2004; Vincent, Vincent, 
& Lamb, 2010).

Disability may, in part, explain trends in 
reduced employment and the consequent 
income inequality among individuals with 
obesity. For example, data from a prospec-
tive national cohort study (from 1986 to 
1999; N = 4,290) suggest that obesity leads 
to reduced employment and, for women, 
increased work limitations (Tunceli, Li, & 
Williams, 2006). Indeed, individuals with 
obesity have higher unemployment rates 
(even when considering educational attain-

ment), spend fewer years employed, and, 
once unemployed, are less likely to regain 
employment (Morris, 2006; Paraponaris, 
Saliba, & Ventelou, 2005). Evidence of a 
wage penalty due to obesity exists for both 
men and women, and the wage gap between 
those with and without obesity has been in-
creasing in recent decades (Baum & Ford, 
2004). Women with obesity appear to be 
more affected by disability than men, with 
lower occupational status (i.e., less skilled 
work) and greater income inequality (Mor-
ris, 2006; Wardle, Waller, & Jarvis, 2002). 
However, health limitations do not account 
entirely for occupational impairment (Baum 
& Ford, 2004). The impact of weight-based 
stigma and discrimination on socioeconomic 
disparities and other psychosocial outcomes 
also must be considered.

Summary
Evidence from population-based and longi-
tudinal studies suggests a modestly height-
ened risk of depression due to obesity, 
particularly for women. Individuals with 
obesity also report body dissatisfaction and 
impaired quality of life, including disability. 
More prospective research is needed to clar-
ify the causal relationship between obesity 
and other mental health disorders, such as 
anxiety and substance use disorders. Impor-
tantly, several key risk factors consistently 
predict poorer psychosocial status among 
individuals with obesity: female gender, se-
vere obesity, seeking treatment, and BED. In 
the following material we highlight a promi-
nent mechanism in the relationship between 
obesity and psychosocial outcomes—weight 
stigmatization—and review the evidence of 
its impact on mental health and quality of 
life.

Weight Stigmatization: 
An Important Consideration

Individuals with obesity are vulnerable to 
negative societal stigma and discrimination 
because of their weight. In general, weight 
stigma refers to negative social devaluation 
of people with overweight or obesity (Tomi-
yama, 2014). This devaluation can lead to 
weight-based stereotypes (e.g., widely held 
beliefs that individuals with obesity tend to 
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be lazy or lacking in discipline), prejudice 
(e.g., preconceived negative attitudes toward 
a person solely because of his or her weight), 
and overt discrimination (e.g., unfair treat-
ment of people who have obesity, such as 
inequitable workplace practices against em-
ployees with obesity). National estimates in-
dicate that reports of weight discrimination 
have increased in recent decades and that 
weight discrimination is among the most 
common forms of discrimination reported 
by women and men (Puhl, Andreyeva, & 
Brownell, 2008). Research has documented 
pervasive weight stigma in a range of daily 
life settings, including employment, educa-
tional institutions, and health care, as well 
as in interpersonal relationships and in the 
mass media (Puhl & Heuer, 2009). Thus, 
individuals with obesity are vulnerable to 
prejudice and unfair treatment in multiple 
life domains. These experiences of weight 
stigmatization may help explain why people 
with obesity are vulnerable to adverse psy-
chosocial consequences. Indeed, research 
has increasingly highlighted societal weight 
stigma as an important mechanism explain-
ing links between obesity and adverse psy-
chological functioning (Faith et al., 2011).

Research consistently indicates that ex-
periences of weight stigma may increase 
risk for adverse psychological outcomes. In 
a large, nationally representative study of 
U.S. adults with overweight or obesity (N 
= 22,231), perceived (self-reported) weight 
discrimination was significantly associated 
with psychiatric morbidity and comorbid-
ity, even after adjusting for stress and BMI 
(Hatzenbuehler, Keyes, & Hasin, 2009). A 
recent review of 23 studies examining cor-
relates of perceived weight stigma and dis-
crimination similarly showed that these ex-
periences are consistently associated with 
poor mental health—increased depression, 
anxiety, stress, and substance use—in both 
community and clinical samples of adults 
(Papadopoulos & Brennan, 2015). These 
findings support evidence from a recent me-
ta-analysis documenting perceived weight 
discrimination (as with other forms of dis-
crimination) to be negatively correlated with 
psychological well-being (including longitu-
dinal evidence; Schmitt, Branscombe, Post-
mes, & Garcia, 2014). Furthermore, studies 
examining mechanisms underlying links be-

tween obesity and poor mental health have 
found that weight stigmatization signifi-
cantly mediates associations between BMI 
and body dissatisfaction and between BMI 
and depressive symptoms (Stevens, Herbo-
zo, Morrell, Schaefer, & Thompson, 2017). 
Importantly, much of the research that has 
examined the relationship between weight 
stigmatization and psychological function-
ing has controlled for BMI (Hatzenbuehler 
et al., 2009; Papadopoulos & Brennan, 
2015), indicating that it is stigmatizing ex-
periences, rather than obesity, per se, that 
appear to be harmful to mental health.

Beyond psychological distress, consider-
able research has identified adverse conse-
quences of weight stigma for weight-related 
health behaviors. A systematic review of 
recent literature (60 studies) documented 
consistent evidence of health consequences 
associated with weight stigma, including in-
creased food intake, binge eating, reduced 
physical activity, elevated physiological 
stress, and weight gain (Puhl & Suh, 2015). 
Randomized experimental studies have doc-
umented adverse effects on food consump-
tion of exposure to weight stigma. These ex-
periments randomly assigned women (who 
varied in BMI) to a manipulated exposure 
to weight stigma or a control condition (ex-
posure to neutral stimuli), and showed that, 
immediately following exposure to stigma, 
women who were overweight (but not thin-
ner women) ate significantly more calories, 
felt less able to control their eating, had 
an increased desire for food, and had an 
increased likelihood of binge eating com-
pared to those in control groups (Brochu 
& Dovidio, 2014; Chao, Yang, & Chiou, 
2012; Major, Hunger, Bunyan, & Miller, 
2014; Schvey, Puhl, & Brownell, 2011). 
These findings suggest that individuals ex-
posed to weight stigma may turn to food as 
an emotional response to these distressing 
experiences—a response that may help to 
explain why weight stigmatization has been 
documented as a unique predictor of binge 
eating beyond other established risk factors 
(Almeida, Savoy, & Boxer, 2011; Durso, 
Latner, & Hayashi, 2012). Internalization 
of weight stigma (i.e., the extent to which 
a person blames him- or herself for nega-
tive weight-based stereotypes) has also been 
found to make significant, independent con-
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tributions to eating disorder pathology, after 
controlling for depression and self-esteem, 
regardless of obesity or BED status (Durso, 
Latner, White, et al., 2012). Vartanian and 
Porter (2016) have provided a comprehen-
sive review of associations between weight 
stigma and eating behaviors.

In addition to eating behaviors, evidence 
suggests that weight stigma may have nega-
tive implications for physical activity and 
physiological stress. Research in community 
and clinical samples of adults has found that 
experienced and internalized weight stigma 
negatively affects exercise motivation, will-
ingness to participate in physical activity, 
and perceived competence in physical activ-
ity (Pearl, Puhl, & Dovidio, 2014; Schmalz, 
2010; Vartanian & Novak, 2011). Evidence 
has also documented increased cortisol re-
activity in response to exposure to or expe-
riences of weight stigma, as well as greater 
blood pressure and oxidative stress, inde-
pendent of adiposity (Dutton et al., 2014; 
Schvey, Puhl, & Brownell, 2014; Tomiyama 
et al., 2014). Perceived weight discrimination 
has also been identified as a stressor that in-
creases the adverse effects of waist-to-hip 
ratio on glycemic control (Tsenkova, Carr, 
Schoeller, & Ryff, 2011). Although this area 
of research is still in its infancy, existing evi-
dence suggests that perceiving oneself as a 
target of weight stigma or discrimination 
may induce physiological stress responses 
that contribute to increased adiposity and 
metabolic comorbidities of obesity.

This body of work linking weight stigma 
to food intake, binge eating, physical activ-
ity, and stress indicates that stigmatizing 
experiences may lead to obesity-promoting 
responses and behaviors. Recent longitu-
dinal studies confirm the predictive role of 
weight stigma on weight trajectories. A na-
tionally representative longitudinal study (N 
= 6,157) from the Health and Retirement 
Study found that, regardless of baseline 
BMI, individuals who reported experienc-
es of weight discrimination (but not other 
forms of discrimination, e.g., race or sexual 
orientation) were 2.5–3.0 times more likely 
to become obese or remain obese 4 years 
later compared to those who did not report 
weight discrimination (Sutin & Terracciano, 
2013). Similarly, evidence from the English 
Longitudinal Study of Aging demonstrated 

that, independent of baseline BMI, adults 
(N = 2,944) who reported perceived weight 
discrimination had higher odds of becoming 
obese (OR = 6.67) and experienced signifi-
cant increases in weight and waist circum-
ference (Jackson, Beeken, & Wardle, 2014).

Taken together, evidence of the harmful 
psychological and physical health conse-
quences associated with weight stigma sug-
gests that this issue warrants attention as 
an important factor affecting psychosocial 
aspects of obesity, and may be a key mecha-
nism linking body weight with psychosocial 
functioning and distress (see Figure 10.1). 
Although weight stigma can be considered a 
significant psychosocial consequence of obe-
sity, it may also lead to health-risk behav-
iors that contribute to obesity and reinforce 
weight gain.

Implications for Clinical Practice

The longitudinal evidence highlighted in 
this chapter suggests that clinicians should 
not assume that individuals with obesity 
have mental disorders or impaired psycho-
logical functioning. Many individuals with 
obesity do not present with these problems, 
and there is insufficient evidence to conclude 
that psychological disorders definitively lead 
to obesity or weight gain. Still, effective clin-
ical management of obesity requires an ap-
proach that recognizes the psychosocial fac-
tors that may adversely affect the emotional 
well-being of some patients with obesity. 
This approach includes an understanding of 
characteristics that may increase patient vul-
nerability to adverse psychosocial experienc-
es. Patients with obesity at heightened risk 
for psychological distress include women 
and individuals who have severe obesity, 
those who are seeking treatment, and those 
who binge-eat. In addition, despite the co-
occurrence of obesity with problems such 
as depression, these conditions are rarely 
treated concurrently (Faulconbridge, Wad-
den, Berkowitz, Pulcini, & Treadwill, 2011). 
Targeting symptoms of depression and stress 
as part of behavioral weight loss interven-
tions may help improve treatment outcomes 
(Elder et al., 2012).

More broadly, the evidence to date signals 
a need for clinical attention to specific psy-
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chosocial factors that should be assessed, 
monitored, and potentially integrated into 
interventions in the obesity management for 
some patients. Early detection and imple-
mentation of strategies to address depres-
sion, anxiety, stress, body dissatisfaction, 
and emotional or binge-eating patterns may 
help to reduce psychological distress and be-
haviors that could otherwise interfere with 
improved weight-related health. Obesity-
focused interventions could be strengthened 
by screening and addressing these shared 
risk factors. Although more research is need-
ed to clarify which psychosocial factors may 
be more or less detrimental for short-term 
weight loss versus long-term weight regula-
tion, the evidence supports monitoring psy-
chosocial symptoms during the course of 
treatment.

Given the deleterious consequences that 
weight stigma poses for emotional and 
physical health and its role as a likely me-

diator between obesity and psychological 
distress, we believe that weight stigma can 
interfere with effective obesity prevention 
and treatment. Accordingly, addressing ex-
perienced and internalized weight stigma of 
patients as part of clinical interventions for 
obesity could improve health outcomes and/
or prevent weight regain by helping patients 
adopt strategies to cope with the impact of 
weight stigma and the associated emotional 
distress. To date, few obesity-focused clini-
cal interventions have included components 
to help patients cope with weight stigma, 
but limited evidence suggests that doing so 
may have benefits for both emotional well-
being and weight outcomes (Carels et al., 
2014; Lillis, Hayes, Bunting, & Masuda, 
2009). Given that weight stigma is a com-
mon experience for individuals with obesity 
and appears to hinder efforts to engage in 
behaviors that are necessary to achieve and 
sustain weight loss, including provisions of 

FIGURE 10.1. Health consequences resulting from experiences of weight stigma. From Puhl, Phelan, 
Nadglowski, and Kyle (2016). Overcoming weight bias in the management of patients with diabetes 
and obesity. Clinical Diabetes, 34, 44–50. Reprinted with permission from the American Diabetes As-
sociation, Inc. Copyright © 2016.
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treatment that address stigma seems war-
ranted. Research is needed to identify what 
types of clinical interventions are most effec-
tive at reducing the psychological impact of 
stigma and improving general functioning.

Finally, stigma expressed by health pro-
viders toward patients with obesity can neg-
atively affect patient–provider interactions 
and reduce quality of patient care (Phelan et 
al., 2015). Even the terminology that clini-
cians use to discuss a patient’s body weight 
can have negative implications for that pa-
tient’s future health care utilization (Puhl, 
Peterson, & Luedicke, 2013). Thus, in ad-
dition to addressing negative psychological 
consequences resulting from weight stigma 
experienced by patients, it is important for 
clinicians (1) to be mindful of personal at-
titudes and biases that could unintentionally 
interfere with quality of care and (2) to im-
plement strategies to avoid and reduce bias 
in clinical practice. Several stigma-reduction 
interventions have been tested and found to 
reduce weight biases among medical trainees 
(Dietz et al., 2015). Thus, increasing aware-
ness and education about weight bias among 
health professionals through evidence-based 
methods and resources may help improve 
delivery of care to patients with obesity.

Conclusion

The evidence reviewed in this chapter sug-
gests caution in assuming that psychological 
factors necessarily precipitate or result from 
obesity. Although a subset of individuals 
with obesity may be vulnerable to psycho-
logical distress (e.g., those with binge eating 
or severe obesity), it is important to acknowl-
edge the heterogeneity of obesity and that the 
psychological status of individuals with obe-
sity varies considerably. Pervasive societal 
weight stigmatization may contribute to and 
exacerbate adverse psychological and physi-
cal health outcomes for people with obesity. 
The deleterious effects of weight stigma de-
serve attention in research as an underlying 
mechanism linking psychosocial function-
ing and obesity, and in clinical settings as 
a psychosocial factor that may impede obe-
sity prevention and treatment. Thus, it is 
important for the clinical management of 
obesity to be guided by an appreciation of 

the heterogeneous nature of obesity, an un-
derstanding of psychosocial vulnerabilities 
that may adversely affect some patients, 
and a recognition of the harmful impacts of 
stigmatization on individuals with obesity, 
underscoring the importance of providing 
compassionate, supportive care.
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Obesity is now considered a disease by the 
American Medical Association, as described 
by others in this volume. It is not consid-
ered a psychiatric disorder, although there 
are forms of disordered eating that qualify 
as psychiatric conditions and appear to be 
associated with weight gain, thus poten-
tially contributing to obesity. The two most 
common of these eating disorders are binge-
eating disorder (BED) and night eating syn-
drome (NES), which are the focus of this 
chapter. Some mental health experts have 
suggested that obesity should be classified as 
a type of addiction. We examine this issue, 
as well as the similarities between compul-
sive eating and addiction, and the possible 
impact of an addiction diagnosis for persons 
with obesity.

Obesity as an Eating Disorder

If obesity causes distress and impairment in 
functioning for many, why would it not be 
considered a psychiatric condition? Diag-
nosing obesity as an eating disorder would 
be difficult, given many variables, including 
the fact that the definition of obesity does 
not include any emotional, behavioral, or 
cognitive features. In addition, obesity is 

influenced by many factors, such as genet-
ics and environment, and many people who 
have obesity often maintain a stable weight, 
thus eating and exercising in an energy- 
balanced manner. Because eating patterns 
and weights vary tremendously among indi-
viduals at any given time and within indi-
viduals across time, establishing a fixed set 
of criteria, such as those typically used to 
diagnose psychiatric disorders, is impracti-
cal (Allison & Cirona-Singh, 2015). For ex-
ample, not all persons with obesity engage in 
objective overeating episodes, daily grazing, 
or frequent eating out at fast-food or other 
restaurants. Only a minority displays these 
behaviors. Additionally, whereas some in-
dividuals with obesity are distressed about 
their weight status, many are not bothered 
by it and remain physically healthy. For all 
of these reasons, among many, obesity is not 
considered a psychiatric disorder.

BED
Diagnostic Criteria
BED is characterized by recurrent episodes 
of binge eating, which is described in the 
fifth edition of the Diagnostic and Statis-
tical Manual of Mental Disorders (Ameri-
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can Psychiatric Association, 2013) as eating 
an amount of food that is larger than what 
most people would eat in a similar situa-
tion in a discrete period of time (i.e., within 
2 hours). A binge is also characterized by a 
sense of loss of control over eating during 
the time period in question (see Table 11.1). 
In addition, the binge episode must be ac-
companied by at least three of the follow-
ing: eating much more rapidly than normal; 
eating until uncomfortably full; eating large 
amounts when not physically hungry; eating 
alone because of feeling embarrassed about 
how much one eats; and feeling disgusted, 
depressed, or guilty afterward. The recur-
rent episodes must also be marked by dis-
tress and occur at least once a week for 3 
months (American Psychiatric Association, 
2013).

Prevalence
Data from the World Health Organization 
Mental Health Survey Study indicate that 
BED is the most common of the eating dis-
orders with an average lifetime prevalence of 
1.4% in the general population; the lifetime 
risk is higher for women than men (Kessler 
et al., 2013). The data also show that BED 
is more common in upper-middle and high-
income countries. In addition, individuals 
with BED have a significantly higher body 
mass index (BMI), on average, than respon-
dents without an eating disorder. Among 
treatment-seeking adults with obesity, BED 
has a prevalence between 16% and 30% (de 
Zwaan, 2001; Kolotkin et al., 2004), with 

estimates varying depending on assessment 
method (interview vs. survey) and on which 
diagnostic criteria are used. Self-report data 
typically yield prevalence estimates two to 
three times greater than those determined by 
diagnostic interview.

Initially, BED was considered an adult dis-
order; however, recent research has suggest-
ed that the age of onset may be lower than 
first presumed. Findings suggest that the 
disorder occurs in children and adolescents, 
with the average age of onset ranging from 
the later teen years to earlier 20s (Kessler et 
al., 2013). Loss of control eating without 
eating an “objectively large amount” typi-
cally precedes onset of full BED when there 
is adolescent onset. Data also have shown 
that BED tends to be a steady condition in 
which patterns of binge eating are relatively 
stable, and the crossover rate to other eat-
ing disorders, such as anorexia nervosa and 
bulimia nervosa, is low in comparison to the 
crossover among those disorders (Peterson 
et al., 2012; Castellini et al., 2011).

Associated Features and Comorbidities
BED increases with increasing BMI (Hud-
son, Hiripi, Pope, & Kessler, 2007). Thus, 
BED frequently is seen in association with 
other complications of obesity, including 
musculoskeletal conditions, type 2 diabetes 
mellitus, asthma, cardiovascular disease, 
and obstructive sleep apnea (Kessler et al., 
2013; Bulik, Sullivan, & Kendler, 2002). 
BED is also associated with an increased 
independent risk for various comorbidities, 

TABLE 11.1. Defining the Core Aspects of a Binge: An “Objectively Large Amount of Food” 
and “Loss of Control”

There are two main guidelines 
for “objectively large amount 
of food”:

1. The ingestion of two full meals (each including two or more courses).
2. The ingestion of three main courses.

One’s BMI and social context must also be taken into consideration.

Examples of descriptions of 
“loss of control” felt during 
binge-eating episodes:

1. You feel like you could not stop even if you wanted to stop.
2. It is like a ball that keeps rolling down a hill. Once it gets started, it is 

difficult to stop.
3. You would not stop eating to answer the telephone or the door.
4. You intend to only eat two or three pieces/items, but cannot stop until 

you eat the whole package.
5. You feel like there is no hope that you will be able to eat just one 

serving and resign yourself to the fact that you will eat until you are 
uncomfortably full.
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including chronic pain, hypertension, and 
chronic headaches (Kessler et al., 2013). In 
a study conducted by Bulik et al. (2002), 
women with obesity and BED showed great-
er health dissatisfaction than women with 
obesity but without BED.

BED also is associated with elevated rates 
of psychiatric illnesses, including mood 
and substance use disorders. Data from the 
World Health Organization Mental Health 
Survey Study showed that 79% of respon-
dents with BED also met criteria for other 
DSM-IV diagnoses (Kessler et al., 2013). 
Bulik et al. (2002) examined psychiatric co-
morbidity in women with obesity with and 
without BED, and found that lifetime binge 
eating was associated with significantly in-
creased risks for major depression, phobia, 
alcohol dependence, and panic disorder. In 
addition, those with BED reported more 
symptoms of anxiety, psychomotor retar-
dation/agitation, and insomnia, as well as 
negative personality characteristics, such as 
dependency and lower self-esteem.

Risk Factors
Research suggests that individuals with obe-
sity and BED have an earlier onset of obe-
sity than people with obesity but not BED; 
in addition, weight history tends to be more 
inconsistent (Spitzer et al., 1993). Findings 
are mixed with regard to the onset of binge 
eating in relation to dieting behavior, or 
dietary restriction, with some studies sug-
gesting that dietary restraint most often 
precedes BED (Polivy & Herman, 1985; 
Polivy, 1996), and others suggesting that di-
etary restraint occurs prior to binge eating 
only about half the time (Stunkard & Alli-
son, 2003). Wadden et al. (2004) prescribed 
moderate, mild, or no calorie restriction to 
women with obesity in a weight manage-
ment trial and found little evidence that pro-
longed moderate restriction (i.e., 1,000 kcal/
day for 12 weeks) precipitated binge-eating 
episodes compared with the two other in-
terventions. In addition to binge episodes, 
studies examining the construct of cognitive 
restraint of eating have found that it results 
in preoccupation with food, as well as issues 
with concentration and mood disturbance, 
including dysphoria and irritability (Polivy, 
1996). Low mood and negative feelings have 

also been suggested as risk factors for the de-
velopment of BED.

Neurobiological processes related to self-
regulation, which assist in the regulation of 
eating behaviors, are often highly influenced 
by emotions (Heatherton & Wagner, 2011). 
Different theories that have described the 
function of binge eating include the affect 
regulation model, which posits that binge 
eating reduces negative feelings (Womble, 
Williamson, & Martin, 2001). As indicat-
ed by Haedt-Matt and Keel (2011), the af-
fect regulation model suggests that binge 
eating in response to negative emotion is 
maintained by negative reinforcement. Es-
cape theory similarly suggests that binge 
eating is used as a strategy to avoid feeling 
negative emotions. Individuals with negative 
self-assessment and affect are motivated to 
decrease self-awareness in order to escape 
negative emotion. Binge eating may narrow 
awareness to simple actions and sensations, 
including rewarding tastes (Heatherton 
& Baumeister, 1991; Paxton & Diggens, 
1997). These theories often include at least 
one of these two elements: negative emo-
tions as a trigger for a binge-eating episode, 
or relief of a negative emotion through binge 
eating. Based on these theories, binge eating 
can be considered a form of “emotional eat-
ing” (Nicholls, Devonport, & Blake, 2016).

Treatment
A meta-analysis by Voks et al. (2010) con-
cluded that psychotherapies and structured 
self-help programs are more effective in the 
treatment of BED than weight loss treat-
ments and pharmacotherapy. In particular, 
cognitive-behavioral therapy (CBT) has 
been the most rigorously evaluated and de-
veloped of the psychotherapies (Amianto, 
Ottone, Daga, & Fassino, 2015). CBT is 
the best established treatment for BED, re-
ceiving a “grade of A” for strong empirical 
evidence based on a recommendation from 
NICE (National Institute for Health and 
Clinical Excellence, 2004; Grilo, Masheb, 
Wilson, Gueorguieva, & White, 2011). The 
CBT approach is based on the belief that eat-
ing patterns become problematic and, in ad-
dition to weight and shape concerns, result 
in extreme dietary restriction. The goal of 
treatment is to disrupt the cycle of restraint 
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and binge eating by promoting healthier, 
more structured eating patterns and improv-
ing concerns about shape, weight, and self-
esteem, as discussed by Grilo (Chapter 34, 
this volume). CBT utilizes self-monitoring 
and the promotion of flexible thinking to 
reduce binge eating (Iacovino, Gredysa, Alt-
man, & Wilfley, 2012).

Interpersonal therapy (IPT) is a brief, fo-
cused treatment that has been examined as 
an alternate intervention that emphasizes in-
terpersonal problems, which have been com-
monly observed in individuals with BED 
(Tanofsky-Kraff et al., 2007). This type of 
psychotherapy focuses on problem resolu-
tion in four domains: grief, interpersonal 
role disputes, role transitions, and inter-
personal deficits (Wilfley et al., 2002). In a 
study conducted by Wilfley et al. (2002), 162 
patients with overweight meeting criteria 
for BED were randomized into group CBT 
or group IPT for 20 weeks. The research-
ers found that, for the primary outcomes, 
results for the intention-to-treat analyses 
and the completer analyses did not differ by 
treatment at any time point (Wilfley et al., 
2002). The authors reported analyses for the 
completers showing that 82% of CBT pa-
tients and 74% of IPT patients did not con-
tinue to have binge episodes posttreatment, 
and 72% and 70% were abstinent at the 12-
month follow-up, respectively. In regard to 
improvement (binge eating less than 4 days 
per month), 94% of CBT and 90% of IPT 
patients improved; at a 12-month follow-up, 
84% and 89%, respectively, were improved. 
Lastly, at posttreatment, 85% of the CBT 
and 75% of the IPT participants endorsed 
a global eating disorders psychopathology 
equal to or below a sample of patients with 
obesity without binge eating. At a 12-month 
follow-up, the rates were 28% and 27%, re-
spectively (Wilfley et al. 2002). This study 
found little difference in effectiveness be-
tween CBT and IPT (Wilfley et al., 2002).

Although psychotherapies like CBT have 
been shown to be effective in reducing 
binge-eating episodes (40–60% remission 
rates), these therapies do not produce signifi-
cant weight loss (Wilson, Grilo, & Vitousek, 
2007). Behavioral weight loss (BWL) treat-
ment, reviewed by Gomez-Rubalcava, Stab-
bert, and Phelan (Chapter 20, this volume), 
is successful in inducing a mean weight loss 
of 7–8 kg (7–8% of initial weight) in persons 

with obesity. It does so by prescribing a calo-
rie deficit of 500–750 kcal/day and increas-
ing physical activity (to 180 minutes/week) 
to promote weight loss. BWL appears to be 
more effective than CBT in producing short-
term weight loss (Berkman et al., 2015; Wil-
son, Wilfley, Agras, & Bryson, 2010). In a 
study by Grilo et al. (2011), 125 participants 
with obesity and BED were randomly as-
signed to one of three conditions: CBT, BWL, 
or CBT plus BWL. All three treatments pro-
duced improvements in binge eating and 
psychopathology at the end of treatment. 
Binge-eating remission rates posttreatment 
were 44.4% for CBT, 37.8% for BWL, and 
48.6% for the combination treatment. Mean 
BMI reductions were –0.5, –2.6, and –2.7 
kg/m2 for the CBT, BWL, and combination 
treatments, respectively, indicating that both 
BWL and CBT plus BWL had significantly 
greater reductions than CBT alone. How-
ever, CBT was superior to BWL in reducing 
binge-eating episodes through the 12-month 
follow-up, whereas BWL produced greater 
BMI reductions during treatment and post-
treatment, with absolute differences of –0.9 
and –2.0 kg/m2, respectively. Participants 
who received the combined treatment had 
a BMI reduction of –1.5 kg/m2. At the 12-
month follow-up, the superiority of BWL 
over CBT for BMI reduction was no longer 
significant.

In a recent report by Berkman et al. 
(2015) that focused on the management and 
outcomes of BED, a summary of evidence-
based treatments was provided based on a 
comparison of two systematic reviews that 
examined randomized controlled trials (see 
Table 11.2). The authors searched for ad-
ditional evidence that would allow them to 
address the efficacy of specific treatment 
approaches more comprehensively. Accord-
ing to the report, various forms of CBT 
(therapist-led CBT was most significant, fol-
lowed by structured self-help and partially 
therapist-led CBT) were superior to a wait-
list control in achieving abstinence from and 
reducing frequency of binge-eating episodes. 
In addition, modest evidence exists for 
both IPT and dialectical behavior therapy 
(DBT) as alternative therapies for facilitat-
ing achieving abstinence from and reducing 
the frequency of binge-eating episodes, com-
pared to wait-list controls. However, the evi-
dence is limited due to the lack of rigorous 
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studies on these approaches. In agreement 
with other research, the report notes that al-
though BWL helps patients lose weight, it is 
less effective than CBT for helping patients 
reach and maintain abstinence from and re-
duce the frequency of binge-eating episodes 
over the long term.

Research also suggests that pharmaco-
therapy may be effective in reducing the 
frequency of binge eating. Berkman et al. 
(2015) found evidence for the effectiveness 
of second-generation antidepressants in the 
treatment of BED. The data suggest that 
antidepressants were 1.67 times more likely 
than placebo to help patients abstain from 
binge eating. Antidepressants were also 
found to reduce the weekly frequency of 
binge eating by two-thirds of a binge episode 
per week, while also decreasing binge-relat-
ed obsessive thoughts and compulsions. Fur-
thermore, the review observed evidence of 
the effectiveness (in reducing weekly binge 
eating) of topiramate, an anticonvulsant 
medication, as well as lisdexamfetamine, a 
medication originally approved for atten-

tion-deficit/hyperactivity disorder (ADHD). 
At this time, lisdexamfetamine is the only 
medication approved by the U.S. Food and 
Drug Association (FDA) for the treatment of 
BED (Berkman et al., 2015; McElroy et al., 
2015).

NES
Diagnostic Criteria
NES is characterized by a delay in the circa-
dian pattern of eating, evidenced by recur-
rent episodes of night eating, which is de-
scribed as either excessive food consumption 
in the evening (after dinnertime) or eating 
after awakening from sleep (i.e., nocturnal 
ingestions). In order to be diagnosed with 
NES, the individual must be conscious dur-
ing eating episodes and be able to recall the 
eating episodes. These symptoms and behav-
iors must also cause significant distress and 
not be better explained by external factors 
(e.g., noises waking the person) or another 
disorder, such as a sleeping disorder or other 

TABLE 11.2. Definitions of the Grades of Overall Strength of Evidence for BED Treatments According 
to Berkman et al. (2015)

Grade Definition Examples of interventions

High Confidence that the estimate of effect 
lies close to the true effect for this 
outcome. The body of evidence has no 
or few deficiencies; the findings are 
stable.

1. Therapist-led CBT vs. wait list
  Increased abstinence
  Decreased frequency per week
  Decreased eating-related psychopathology
2. Lisdexamfetamine vs. placebo
3. Second-generation antidepressants vs. placebo

Moderate Moderate confidence that the estimate 
of effect lies close to the true effect for 
this outcome. The body of evidence 
has some deficiencies; the findings 
are likely to be stable, but some doubt 
remains.

1. Therapist-led CBT vs. BWL
  BWL decreased BMI more than CBT at end  

  of treatment.
2. Therapist-led CBT vs. wait list
  No differences were found in BMI or  

  symptoms of depression topiramate  
  vs. placebo

Low Limited confidence that the estimate 
of effect lies close to the true effect for 
this outcome. The body of evidence 
has major or numerous deficiencies (or 
both). Additional evidence is needed 
before concluding either that the 
findings are stable or that the estimate 
of effect is close to the true effect.

1. Partially therapist-led CBT vs. structured self-
help CBT

2. Partially therapist-led CBT vs. wait list
3. Structured self-help CBT vs. wait list
4. Guided self-help CBT vs. wait list
5. Therapist-led CBT vs. partially therapist-led 

CBT
6. Therapist-led CBT vs. structured self-help CBT

Insufficient No evidence is available, or the body of 
evidence has unacceptable deficiencies, 
precluding reaching a conclusion.

1. IPT
2. DBT
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disordered-eating pattern (i.e., sleep-related 
eating disorder; American Psychiatric Asso-
ciation, 2013). NES is classified in DSM-5 
as an “other specified feeding or eating dis-
order.”

Boston and colleagues examined the dis-
parities in energy intake between individu-
als with NES as compared to those without 
NES through mathematical modeling (Bos-
ton, Moate, Allison, Lundgren, & Stunkard, 
2008). Figure 11.1 illustrates a lack of regu-
lar meals and a significant delay in food in-
take across 24 hours among night eaters as 
compared to the controls. The model also 
suggests that persons with NES may be 
grazing throughout the latter portion of the 

day, indicating a role for structuring regular 
meal patterns during treatment.

Prevalence and Demographics
The prevalence of NES is estimated to be 
about 1–6% based on general population 
samples (Rand, Macgregor, & Stunkard, 
1997; Striegel-Moore et al., 2005; Lamerz 
et al., 2005; Tholin et al., 2009; Colles, 
Dixon, & O’Brien, 2007; de Zwaan, Muller, 
Allison, Brahler, & Hilbert, 2014), suggest-
ing that it may be as common as BED and 
more common than bulimia nervosa and 
anorexia nervosa. Studies have found that 
the prevalence is higher in persons who are 

FIGURE 11.1. Modeling food intake for persons with night eating syndrome (NES) versus controls. (A 
and B) Cumulative caloric intake from 7-day food diaries for (B) participants with NES and (A) similar 
control participants. •, data; —, the model predictions. The top panels show that participants with 
NES (B; n = 148) have fewer distinct meals during the day, suggesting more grazing and less structured 
eating episodes, with eating continuing later in the day and calories surpassing similar control partici-
pants (A; n = 68) as the day progresses. (C and D) The bottom panels show use of the “Boston model” 
to illustrate the average cumulative caloric intake of individuals through estimations of the average 
rate of eating during a meal, peak intake rate, time of peak intake rate, and meal spread (i.e., intake 
duration). This model illustrates the disorganized nature—including fewer distinct meal episodes—and 
delayed pattern of food intake among those with NES (D) as compared to controls (C). From Boston, 
Moate, Allison, Lundgren, and Stunkard (2008). Modeling circadian rhythms of food intake by means 
of parametric deconvolution: Results from studies of the night eating syndrome. American Journal of 
Clinical Nutrition, 87(6), 1672–1677. Reprinted by permission.
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overweight or obese, with up to 55% of in-
dividuals who seek bariatric surgery report-
ing some symptoms of NES (Gallant, Lun-
dgren, & Drapeau, 2012). Interview-based 
studies, however, which carefully assessed 
diagnostic criteria for NES in surgery can-
didates, yielded much lower estimates; only 
9% of patients in our bariatric surgery pro-
gram met full criteria for NES (Allison et al., 
2006).

NES typically begins during early adult-
hood (late teens to late 20s) and appears to 
be long-lasting, with periods of remission 
and relapse, often tied to life stressors (Mar-
shall, Allison, O’Reardon, Birketvedt, & 
Stunkard, 2004; Napolitano, Head, Babyak, 
& Blumenthal, 2001). In one age and gen-
der population survey, similar proportions 
of males and females reported waking at 
night to eat (Andersen, Stunkard, Sorensen, 
Petersen, & Heitmann, 2004). However, 
in an interview-based study of NES among 
Swedish Twin Registry participants, fewer 
men than women met full criteria for NES 
because they endorsed feeling distressed by 
their symptoms less often (Allison et al., 
2014). This finding suggests that although 
this delayed eating pattern may be experi-
enced fairly equally by men and women, 
women may be more affected psychologi-
cally.

Associated Features and Comorbidities
Although the prevalence of NES seems to in-
crease with BMI, some studies suggest that 
there is no relationship between the two. 
Among the studies that have illustrated a 
positive link between NES and obesity, par-
ticipants who screened positive for night eat-
ing in the Swedish Twin Registry’s STAGE 
cohort showed an increased risk for obesity 
(2.5 times for men, 2.8 times for women; 
Tholin et al., 2009). In an outpatient clinical 
sample, psychiatric patients with NES were 
five times more likely to be obese than pa-
tients without NES (Lundgren et al., 2006). 
NES status also predicted weight gain in 
prospective studies. Over 6 years of follow-
up, women with night eating (but not men) 
in the Danish MONICA study gained 5.2 kg 
more than women without night eating (An-
dersen et al., 2004). Finally, participants in 
an inpatient metabolic study who ate after 
11 P.M. (considered night eating) were more 

likely to gain weight (mean 6.2 kg) over a 
3.4-year follow-up period than were those 
without night eating habits (Gluck, Venti, 
Salbe, & Krakoff, 2008).

Some studies, however, observed no re-
lationship between NES and higher BMI. 
Among samples of persons with obesity who 
sought treatment—including outpatient or 
inpatient BWL or bariatric surgery—at least 
five studies showed no differences in BMI 
between patients with and without NES 
(Adami, Campostano, Marinari, Ravera, 
Scopinaro, 2002; Allison et al., 2006; Cerú-
Björk, Andersson & Rössner, 2001; Gluck, 
Geliebter, & Satov, 2001; Napolitano et al., 
2001). One clinical sample recruited from 
general medical practices also showed no 
relationship between BMI and NES. Jarosz, 
Dobal, Wilson, and Schram (2007) showed 
that the prevalence of NES among a sample 
of black, urban women with obesity was 
19%, substantially higher than figures cited 
from general population samples. However, 
BMI did not differ significantly in those 
with and without NES. Among general 
population samples, Striegel-Moore and col-
leagues studied samples from the National 
Health and Nutrition Examination Survey II 
and the Continuing Survey of Food Intakes 
by Individuals (Striegel-Moore, Franko, 
Thompson, Affenito, & Kraemer, 2006). 
They found no relationship between night 
eating (defined with various time param-
eters for late-night eating) and BMI. Strie-
gel-Moore et al. (2005) also demonstrated 
that there was no relationship between BMI 
and night eating behaviors among a racial-
ly mixed sample of black and white young 
adult women.

There are a number of possible explana-
tions for the inconsistent results regarding 
the relationship between NES and BMI. 
First, there could truly be no relationship 
between eating during the night and weight 
gain. This seems unlikely, but it would ex-
plain the absence of a clear correlation in the 
collective data. In our clinical experience, 
there are two presentations of NES. Many 
of our patients with NES who are of normal 
weight tend to restrict purposefully and/or 
over-exercise during the day to compensate 
for their night eating. This restriction in-
creases the percentage of food they consume 
after dinner, and thus their night eating ap-
pears as more severe than the patients who 
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do not engage in daytime compensation for 
their night eating. We see less of this com-
pensatory behavior among our patients with 
overweight or obesity. Second, for samples 
that include only persons who have obesity, 
there may be a ceiling effect with BMI, such 
that no relationship would be observed. As 
there are many pathways to weight gain and 
obesity, NES would potentially represent 
just one of those pathways. Its influence may 
not contribute to obesity significantly more 
than other potential influences (e.g., BED, 
strong preferences for high-calorie foods). 
Finally, differences in the criteria used to 
define NES likely impact the nature of the 
relationship observed between weight status 
and NES.

Research demonstrates that NES has also 
been associated with psychiatric comorbidi-
ties, including mood and anxiety disorders. 
In addition, NES has been found to co-oc-
cur with other eating disorders, such as BED 
(de Zwaan et al., 2014; Tholin et al., 2009). 
In a study conducted by Tholin et al. (2009), 
male and female participants with NES had 
3.4 and 3.6 times higher risk of binge eat-
ing compared to individuals without the 
syndrome. However, the genetic correlation 
between night eating and binge eating (r = 
.66) suggests that although there is signifi-
cant overlap between these disorders, they 
are not genetically identical and do represent 
distinct disorders (Root et al., 2010).

Comorbidities with Sleep Disorders
One of the research diagnostic criteria for 
NES requires awareness and recall of the 
nocturnal eating episodes that occur. Sleep-
related eating disorder (SRED) is a para-
somnia in which patients sleepwalk and 
eat, typically with little to no awareness of 
their eating episodes. They may choose in-
edible substances to eat (e.g., shaving cream 
instead of ice cream) or cat food or frozen 
foods right out of the freezer. They may also 
injure themselves trying to prepare foods 
while in a somnolent state. The treatment 
is likely different for SRED as compared to 
NES, but patients have presented with mixed 
episodes—sometimes having awareness and 
sometimes not. Other times, patients report 
that their night eating episodes started as 
SRED, and although they gained awareness 

over the years, they were still unable to stop 
the behavior.

NES is also related to insomnia, as would 
be expected given that insomnia is part of the 
diagnostic criteria. In a study of the Swedish 
Twin Registry by Tholin et al. (2009), the 
risk of sleep-related problems was 1.6–3.4 
times higher in men and 2.5–3.3 times high-
er in women with NES compared to those 
without NES.

Treatment
Research has suggested that NES has a se-
rotonergic etiology, and as such, selective 
serotonin reuptake inhibitors (SSRIs) were 
the first agents tested in its treatment. Two 
open-label trials (O’Reardon, Stunkard, & 
Allison, 2004; Stunkard et al., 2006) and 
one randomized controlled trial of sertraline 
(O’Reardon et al., 2006) showed significant 
reductions in the number of nocturnal in-
gestions per night, percentage of food con-
sumed after dinner, and a global measure of 
NES symptoms—the Night Eating Symptom 
Scale (Lundgren, Allison, Vinai, & Gluck, 
2012). In the placebo-controlled trial, the 
sertraline group showed an 80% reduction 
in NES symptoms, compared to 14% in the 
placebo group. There also have been two 
studies with the SSRI escitalopram. Both 
the open-label study (Allison et al., 2013) 
and the randomized controlled trial with 
escitalopram (Vander Wal, Gang, Griffing, 
& Gadde, 2012) showed significant reduc-
tions in these same outcome measures, but 
the placebo-controlled trial did not show 
significant differences between the medica-
tion and placebo groups. The effect of the 
medication was weaker for black than for 
white participants.

Additional studies have found alternative 
treatments that may also reduce the symp-
toms of NES. In two case studies, bright 
light therapy was used to treat both seasonal 
depression and symptoms of NES. In one 
such study, a 51-year-old woman was being 
treated for depression with paroxetine; light 
therapy was added. After 14 daily sessions 
of white light for 30 minutes, the patient no 
longer met the DSM-IV criteria for depres-
sion or the core symptoms of NES. However, 
once the light treatment was discontinued, 
her symptoms of NES returned, although 
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her depression remained in remission. After 
being treated for another 12 days with light 
therapy, her night eating symptoms remitted 
once more (Friedman, Even, Dardennes, & 
Guelfi, 2002).

Psychotherapy has also been shown to 
reduce night eating symptoms. Allison and 
colleagues developed a CBT approach that 
was administered in a pilot study to 25 pa-
tients over 12 weeks (Allison, Lundgren, 
Moore, O’Reardon, & Stunkard (2010). 
The intervention included building rapport, 
providing education about CBT, self-moni-
toring of sleep and eating disturbances and 
negative thoughts, development of coping 
skills, and, for those who were overweight 
or obese, behavioral weight management. At 
the end of the study, the participants showed 
significant reductions in caloric intake in 
the evening (after dinner), nocturnal inges-
tions, awakenings at night, and mood, as 
well as improvements in quality of life. They 
also lost a modest but significant amount of 
weight (3.1 kg).

Progressive muscle relaxation (PMR) has 
also been studied in an effort to determine 
alternative treatments for NES. PMR has 
been shown to reduce stress, which is often 
associated with NES. In a study conducted 
by Pawlow, O’Neil, and Malcolm (2003), 
20 adults diagnosed with NES were ran-
domized to either an abbreviated relaxation 
training group or a control group (sitting 
quietly for the same amount of time). Those 
in the treatment group displayed significant-
ly less stress, anxiety, and salivary cortisol 
levels after 1 week of 20 minutes of muscle 
relaxation training per day, in addition to 
significantly higher morning and lower eve-
ning ratings of hunger. Those in the treat-
ment condition also were more likely to eat 
breakfast and decrease nighttime eating. In 
a more recent study, Vander Wal and col-
leagues randomized 44 men and women to 
one of three groups: education, education 
plus PMR, or PMR plus exercise (Vander 
Wal, Maraldo, Vercellone, & Gagne, 2015). 
All three groups reported reduction in NES 
symptoms, as well as symptoms of depres-
sion, anxiety, and perceived stress. The only 
significant difference between groups was 
the percentage of food eaten after the eve-
ning meal, with the PMR group showing 
the greatest reduction, followed by the PMR 

plus exercise group and the educational 
group, respectively. Overall, more random-
ized controlled treatment trials of NES are 
needed to establish the same evidence-based 
literature for grading these treatment ap-
proaches as those describing treatments for 
BED.

Addiction

Investigators have debated whether food can 
be considered addictive to the extent that 
drugs such as cocaine and opioids are. Some 
literature suggests that this “addiction” to 
certain types of palatable foods may ex-
plain the obesity epidemic (Cocores & Gold, 
2009). Although the DSM-5 has broadened 
the definition of addiction to be more inclu-
sive of issues related to gambling, sex, and 
the Internet, no consensual definition of 
“food addiction” currently exists (Moreno 
& Tandon, 2011; Allison & Cirona-Singh, 
2015).

A majority of the literature suggests that 
palatable foods have addictive potential 
based on findings that certain areas in the 
brain respond in similar ways when exposed 
to drugs of abuse and to highly palatable 
foods. For example, neuroimaging studies 
have shown that the dopaminergic system 
is involved in the motivation and processing 
of reward, among other behaviors (Lerma- 
Cabrera, Carvajal, & Lopez-Legarrea, 
2016). Drugs of abuse increase the concen-
tration of dopamine in the striatum and 
other associated areas of the mesolimbic re-
gion. Release of dopamine has also been as-
sociated with the reinforcing effects of food 
(Di Chiara, 2002; Wang, Volkow, Thanos, 
& Fowler, 2004). In addition to the involve-
ment of the dopaminergic system in both 
food intake and drug use, Volkow and col-
leagues observed that individuals with obe-
sity showed decreased activity in the frontal 
lobe areas of the brain that are associated 
with executive function (e.g., decision mak-
ing) and control (Volkow, Wang, Tomasi, & 
Baler, 2013). This finding is also consistently 
described in persons with drug addiction.

In addition to the neurobiological under-
pinnings of both food and drug intake be-
haviors, other presenting symptoms such as 
cravings, withdrawal, and escalating pat-
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terns of eating may be evidence of increased 
tolerance, leading researchers to suggest that 
food addiction exists (Pelchat, 2002; Gear-
hardt, Corbin, & Brownell, 2009a). Similar 
to drug addiction, certain patterns of eating 
(e.g., binge eating) can be maladaptive, lead 
to distress, and continue despite these draw-
backs (Moreno & Tandon, 2011).

Recent work on food addiction has de-
scribed BED as a phenotype that can be con-
ceptualized as an addiction, given that the 
eating behavior can be compulsive (Davis & 
Carter, 2009). The addiction model of eat-
ing disorders characterizes binge eating as a 
physiological addiction and treats the addic-
tion by advocating abstinence from “addic-
tive” foods (Ronel & Libman, 2003). In a 
study conducted by Cassin and von Ranson 
(2007), 94% of adults with BED described 
themselves as having a “food addiction” and 
met criteria for substance-dependence dis-
order in the DSM-IV when the term “sub-
stance” was substituted with “binge eating.” 
Additionally, in a study conducted by Gear-
hardt et al. (2012), over 56% of a sample 
of 81 participants with BED met criteria 
for food addiction as measured by the Yale 
Food Addiction Scale (Gearhardt, Corbin, 
& Brownell, 2009b).

Although drug use and food intake behav-
iors share common features, other charac-
teristics of drug addiction, such as engaging 
in the behavior in hazardous situations and 
failing to fulfill major role obligations, are 
not behaviors typically seen in eating pat-
terns that may be considered maladaptive 
(Moreno & Tandon, 2011). In addition to 
the aforementioned markers of addiction, 
BMI may also be indicative of compulsive 
overeating. However, in a review of the 
available literature, Ziauddeen and Fletcher 
(2013) noted that, although binge eating is 
associated with obesity, a number of indi-
viduals who engage in this compulsive be-
havior are not obese, and most people with 
obesity do not have BED (Striegel-Moore et 
al., 2001) or “food addiction.”

Treatment
With regard to treatment approaches, the 
previously mentioned treatment of complete 
abstinence from substances that is neces-
sary for drug addiction is a questionable 

approach for “addictive” foods, as food is 
needed for survival (Wilson, Wilfley, Agras, 
& Bryson, 2010). In addition, with behav-
ioral treatment, individuals with compulsive 
eating can successfully include a variety of 
foods in their diet (Wilson et al., 2010). CBT 
is considered to be an effective treatment for 
bulimia nervosa and BED. The intervention 
aims to increase flexibility in eating patterns, 
which is the opposite of an abstinence-based 
approach, and encourages more consistent 
eating (Fursland & Byrne, 2015). Although 
some models of Overeaters Anonymous 
espouse abstinence from white flour and 
sugar products, randomized controlled tri-
als examining the efficacy of this approach 
are lacking, and one’s ability to remain ab-
stinent from these types of foods, given the 
current food environment, is typically quite 
limited. Subsequently, when these foods are 
inevitably consumed, skills for dealing with 
increased cravings have not been instilled, 
and relapse to binge eating is likely.

Conclusion and Future Directions

Obesity can be caused by multiple factors, 
including (but not limited to) the food en-
vironment, genetics, external stressors, and 
emotional dysregulation. Research has dem-
onstrated that BED and NES are phenotypes 
associated with weight gain. However, not 
all people with obesity have these disorders, 
nor do all individuals diagnosed with NES 
and/or BED have obesity. Categorizing obe-
sity as an eating disorder would be difficult 
due to multiple variations in eating patterns 
and weight within and between individu-
als with obesity. Taken together with these 
arguments, obesity is already a stigmatiz-
ing disease and shifting its classification to 
a psychiatric disorder would likely amplify 
this stigmatization to the detriment of af-
flicted individuals.

In regard to obesity as an addiction, drug 
use and food intake behaviors share com-
mon features, such as dopaminergic system 
involvement and cravings. However, other 
characteristics of drug addiction, such as 
engaging in the behavior in hazardous situa-
tions and failing to fulfill major role obliga-
tions, are not behaviors typically seen in eat-
ing disordered patterns (Moreno & Tandon, 
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2011). In addition, treatment approaches for 
drug use disorders would not be possible for 
those with a “food addiction,” as it is not 
possible to maintain “sobriety” (avoidance 
of the substance) when food is necessary for 
survival. More research is needed to obtain 
a better understanding of food cravings and 
withdrawal and further explore the pheno-
type suggested by the term food addiction.
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The increase in obesity prevalence over the 
past 30 years has had fundamental effects 
on a diverse spectrum of chronic condi-
tions. As such, it is one of the most signifi-
cant public health problems for the United 
States and much of the world. In the Unit-
ed States, increases in obesity prevalence 
accelerated in the 1980s. In recent data 
(2015–2016), obesity prevalence was 40% 
in U.S. adults and 18.5% in youth and 
adolescents (Flegal, Kruszon-Moran, Car-
roll, Fryar, & Ogden, 2016; Hales, Carroll, 
Fryar, & Ogden, 2017). The rise in obesity 
has been the most dramatic among the very 
obese categories, as about 9% of youth and 
adults have class 3 obesity. The increases in 
prevalence affect virtually all racial/ethnic 
and socioeconomic segments of the popula-
tion (Wang & Beydoun, 2007; Flegal et al., 
2016). Similar trends have occurred global-
ly, with worldwide obesity prevalence more 
than doubling, from 5% to 12% between 
1980 and 2015 (GBD 2015 Obesity Collab-
orators, 2017). Recent reports suggest that 
prevalence increases may have stabilized in 

some segments of the U.S. population, but 
such encouraging findings are tempered by 
the fact that prevalence of extreme obesity 
in 2013–2014 remained three times what it 
was 15 years earlier (Ogden, Carroll, Fryar, 
& Flegal, 2015; Ogden et al., 2016).

Obesity is notorious for its diverse acute 
and chronic morbidities and the increased 
risk for mortality that follow. Although 
debate continues about definitions of obe-
sity and thresholds that signify increased 
or maximum risk, consistent evidence now 
associates obesity with diabetes, hyperten-
sion, renal disease, cardiovascular disease, 
arthritis, depression, certain cancers, dis-
ability, overall decreased quality of life, 
and mortality (National Heart, Lung, and 
Blood Institute [NHLBI], 1998). The most 
tangible effects of obesity have been seen in 
the increases in diabetes, for which obesity 
has been the dominant factor explaining the 
60% increase in diabetes prevalence in the 
United States over the past 25 years (Gregg, 
Cheng, Narayan, Thompson, & Williamson, 
2007; Geiss et al., 2014). This wide range of 
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morbidity along with the care required to 
manage the associated risk factors have led 
to enormous costs for individuals, families, 
health systems, and societies (Hammond & 
Levine, 2010; Finkelstein, Trogdon, Cohen, 
& Dietz, 2009).

The role of weight loss in the public health 
response to obesity has been unclear for sev-
eral reasons. First, the magnitude of weight 
loss, maintenance, and regain from weight 
loss interventions are heterogeneous across 
types and modalities of weight loss, leav-
ing open questions of efficacy as well as 
questions of how to implement weight loss 
interventions at an adequate scale to influ-
ence public health (NHLBI, 2013). Second, 
many have argued that public health prob-
lems are best confronted through primary 
prevention aimed at the whole population, 
as opposed to treatment approaches aimed 
at subsegments of the population that have 
already succumbed to the risk (Rose, 2001). 
Third, weight loss is one of the most com-
mon health interventions undertaken by the 
public. In the United States, almost two-
thirds of obese adults report trying to lose 
weight in a given year (Serdula et al., 1999; 
Kruger, Galuska, Serdula, & Jones, 2004; 
Nicklas, Huskey, Davis, & Wee, 2012), 
and about 10% of obese adults report en-
gaging in structured or commercial weight 
loss programs (Nicklas et al., 2012). In ad-
dition, the number of people undergoing 
bariatric surgery has increased dramatically, 
with 179,000 surgeries performed in 2013 
(Bariatric Surgery Source, 2017). The sheer 
number of people engaged in weight loss ef-
forts of some sort means that the effective-
ness or harm associated with weight loss has 
large potential ramifications for population 
health. Finally, the level of consensus about 
the role of weight loss in the clinical and 
public health response to obesity has been 
inconsistent, because epidemiological stud-
ies have yielded inconsistent findings and 
even adverse effects of weight loss, and find-
ings from intervention studies have depend-
ed on the segment of the population and 
the outcomes being studied (Williamson & 
Pamuk, 1993; Harrington, Gibson, & Cot-
trell, 2009).

Chronic disease epidemics and public 
health problems generally respond best to 

a multicomponent set of strategies (Bauer, 
Briss, Goodman, & Bowman, 2014). This 
approach includes efforts in clinical systems 
to provide effective preventive care, health 
promotion efforts to alter health behaviors 
of individuals, and public policies to change 
the underlying environment, including the 
nutritional environment and opportunities 
and tendencies for physical activity (Rose, 
2001; Manuel, Rosella, Tuna, Bennett, & 
Stukel, 2013). For this reason, it is impor-
tant to understand the impact of weight loss 
efforts as implemented through different 
avenues, including clinical systems, commu-
nity programs, and individually motivated 
behavior.

In this chapter, we review evidence for the 
impact of intentional weight loss on morbid-
ity and mortality. We consider evidence of 
measured intentional weight loss of several 
types, including multicomponent lifestyle-
based behavioral counseling with main-
tained support; medical management with 
pharmacological treatment and supportive 
behavioral counseling; surgical treatment; 
and self-directed behavior change to lose 
weight. We limit this evidence synthesis to 
longitudinal, observational, and interven-
tion studies that essentially include cohort 
studies and registry-based studies of weight 
loss interventions and nonrandomized and 
randomized intervention trials. We exclude 
from this synthesis cross-sectional studies, 
uncontrolled case series, and uncontrolled 
intervention studies.

Short‑Term and Intermediate Effects 
of Weight Loss

An extensive literature has documented 
the physiological health benefits of weight 
loss intervention over the short-term (6–12 
months), which, if adequately maintained, 
should lead to diverse benefits on morbid-
ity and mortality. As shown in Figure 12.1, 
weight loss leads to consistent, predictable 
benefits for parameters of insulin resistance 
and glucose tolerance, including fasting and 
post load insulin and glucose levels. One-
year multicomponent lifestyle interventions 
with overweight and obese adults, focused 
on facilitating weight loss through healthy 
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diet and physical activity and achieving 
moderate weight loss (mean reductions of 
2–5%), led to an average reduction of fast-
ing plasma glucose of 2.6 mg/dL (Lin et al., 
2014; Zhang, et al., 2017). Among adults 
with type 2 diabetes, interventions led to an 
average 0.3% reduction in glycated hemo-
globin (HbA1C) (Norris et al., 2004; Jensen 
et al., 2014).

Meta-analyses also show that each 10 
kg of weight loss over 1–2 years is associ-
ated with average reductions of 2 mmHg 
in systolic blood pressure, 4–5 mg/dL of 
total cholesterol, 3–4 mg/dL of low-density 
lipoprotein (LDL), 8–12 mg/dL of triglycer-
ide, and 2 mg/dL increase in high-density 
lipoprotein (HDL) cholesterol (Jensen et 
al., 2014; Lin et al., 2014). In longer-term 
studies of 2–3 years, these reductions in 
blood pressure have resulted in a significant 
20–30% reduced incidence of hypertension 
(Trials of Hypertension Prevention [TOHP 
II] Collaborative Research Group, 1997) 
and in a reduced need for antihypertensive 
medications (Stevens et al., 2001). Weight 
loss leads to improvements in cardiac func-
tion, including left ventricular hypertrophy, 
resting heart rate, increased stroke volume 
and cardiac output, and cardiorespiratory 
fitness (Hankey, Lean, Lowe, Rumley, & 
Woodward, 2002; Poirier et al., 2006). 
Weight loss also leads to improvements in 
systemic inflammation (Esposito et al., 
2003; Ryan & Nicklas, 2004), chronic kid-
ney disease, sleep apnea symptoms, and 
pulmonary function (Kuna et al., 2013; 
Rubin et al., 2014). Finally, several benefits 
in functional status occur with weight loss, 
particularly from programs involving physi-
cal activity. These benefits include improved 
mobility and lower extremity function, re-
duced arthritic pain, and reduced depressive 
symptoms (Messier et al., 2004; Rejeski et 
al., 2012; Rubin et al., 2014). In spite of the 
diverse benefits described above, adverse 
short-term effects of weight loss may also 
exist, including gallstone formation, fatigue, 
and loss of bone density and lean mass. The 
effect on lean mass has raised questions 
about the advisability of weight loss in older 
adults (Launer, Harris, Rumpel, & Mad-
dins, 1994; Syngal et al., 1999; Ensrud et 
al., 2007).

Impact on Long‑Term Morbidity 
and Mortality
Lifestyle Interventions
Intervention Trials and Diabetes Incidence

Over the past 20 years, more than 10 major 
intervention studies have examined the im-
pact of lifestyle-based weight loss interven-
tion on diabetes incidence. One of the earli-
est and most influential investigations in this 
line of research began in the late 1980s, with 
a study of diet and exercise conducted in 
Malmo, Sweden, with 260 men ages 47–49 
who had impaired glucose tolerance. As 
summarized in Table 12.1, the study report-
ed a 2.8% net weight loss and found a 63% 
reduced incidence of diabetes over 6 years 
(Eriksson & Lindgarde, 1991). Despite the 
modest weight loss and the nonrandomized 
design, the Malmo Prevention Study set the 
stage for a series of randomized trials dem-
onstrating consistent effects of weight loss 
on diabetes incidence. A subsequent study 
conducted in Da Qing, China, a rapidly 
modernizing oil city in Heilongong Province 
in the far north of China, assigned 33 clin-
ics of 577 men and women with impaired 
glucose tolerance (IGT) to one of four condi-
tions: usual care, diet, exercise, or both diet 
and exercise. Although net weight loss was 
minimal (< 2%), the study found a 29–32% 
reduction in all three interventions among 
both lean and overweight adults (Pan et al., 
1997).

Studies in Finland, the United States, and 
India followed, with more detailed quantifi-
cation of the intervention components and 
benefits. In Finland, 522 overweight men 
and women with IGT were assigned to either 
usual care or group-based, tailored advice to 
reduce weight, reduce saturated and total fat 
intake, increase fiber intake, and increase 
physical activity levels (Tuomilehto et al., 
2001). The intervention resulted in a 2.7% 
net weight loss (3.4% over the first year) and 
a 58% reduction in diabetes incidence over 
4 years. The next year, the U.S. Diabetes 
Prevention Program (DPP) reported findings 
from the 3-year trial comparing multicom-
ponent lifestyle intervention with metfor-
min and usual care among more than 3,000 
adults with IGT (Knowler et al., 2002). The 
study reported a net 7% weight loss at 1 



 189

TA
BL

E 
12

.1
. 

Su
m

m
ar

y 
of

 C
on

tr
ol

le
d 

Tr
ia

ls
 o

f 
th

e 
Im

pa
ct

 o
f 

Li
fe

st
yl

e‑
Ba

se
d 

W
ei

gh
t 

Lo
ss

 In
te

rv
en

tio
ns

 o
n 

Di
ab

et
es

 In
ci

de
nc

e

St
ud

y/
au

th
or

Po
pu

la
ti

on

M
ea

n 
fo

llo
w

-u
p 

(y
ea

rs
)

In
te

rv
en

ti
on

W
ei

gh
t 

ch
an

ge
E

ff
ec

t 
of

 w
ei

gh
t 

lo
ss

 r
el

at
iv

e 
to

 c
on

tr
ol

 
or

 r
ef

er
en

t 
gr

ou
p

M
al

m
o 

Pr
ev

en
ti

on
 S

tu
dy

 
(E

ri
ks

so
n 

&
 L

in
dg

ar
de

, 1
99

1)
Sw

ed
is

h 
m

en
 a

ge
s 

47
–4

9 
y 

w
it

h 
IG

T
 (

n 
= 

26
0)

6
D

ie
t,

 e
xe

rc
is

e,
 b

eh
av

io
ra

l 
co

u
ns

el
in

g
2

.3
%

 lo
ss

 v
s.

 0
.5

%
 

ga
in

 (
ne

t 
2

.8
%

)
63

%
 ↓

 d
ia

be
te

s 
in

ci
de

nc
e

D
a 

Q
in

g 
D

ia
be

te
s 

Pr
ev

en
ti

on
 

St
ud

y 
(P

an
 e

t 
al

., 
19

97
)

C
hi

ne
se

 m
en

 a
nd

 w
om

en
 

w
it

h 
IG

T
; m

ea
n 

ag
e 

45
 y

 
(n

 =
 5

77
)

6
D

ie
t,

 e
xe

rc
is

e,
 d

ie
t 

+ 
ex

er
ci

se
 v

s.
 c

on
tr

ol
; 1

4 
co

nt
ac

ts
 in

 f
ir

st
 y

ea
r

N
et

 2
%

 lo
ss

 a
m

on
g 

di
et

 +
 e

xe
rc

is
e 

gr
ou

p
29

%
 ↓

 D
M

 in
ci

de
nc

e 
fo

r 
di

et
32

%
 ↓

 D
M

 in
ci

de
nc

e 
fo

r 
ex

er
ci

se
33

%
 ↓

 D
M

 in
ci

de
nc

e 
di

et
 +

 e
xe

rc
is

e

Fi
n

ni
sh

 D
ia

be
te

s 
Pr

ev
en

ti
on

 
St

ud
y 

(T
uo

m
il

eh
to

 e
t 

al
., 

20
01

; 
L

in
ds

tr
om

 e
t 

al
., 

20
06

, 2
01

3)

Fi
n

ni
sh

 m
en

 a
nd

 w
om

en
 

w
it

h 
IG

T
; m

ea
n 

ag
e 

55
 y

 
(n

 =
 5

22
)

  
3.

2
D

ie
t,

 e
xe

rc
is

e,
 b

eh
av

io
ra

l 
co

u
ns

el
in

g;
 9

 c
on

ta
ct

s 
fi

rs
t 

ye
ar

N
et

 3
.4

%
 lo

ss
 a

t 
3 

y
58

%
 ↓

 D
M

 in
ci

de
nc

e 
at

 3
 y

43
%

 ↓
 D

M
 in

ci
de

nc
e 

at
 7

 y
38

%
 ↓

 D
M

 in
ci

de
nc

e 
at

 1
3 

y

D
ia

be
te

s 
Pr

ev
en

ti
on

 P
ro

gr
am

 
(2

01
5)

; K
no

w
le

r 
et

 a
l. 

(2
0

02
)

U
.S

. m
en

 a
nd

 w
om

en
 

w
it

h 
IG

T
; m

ea
n 

ag
e 

50
 y

 
(n

 =
 3

,2
34

)

  
2

.8
D

ie
t,

 e
xe

rc
is

e,
 b

eh
av

io
ra

l 
co

u
ns

el
in

g;
 2

2 
co

nt
ac

ts
 

fi
rs

t 
ye

ar

N
et

 4
.5

%
 lo

ss
 a

t 
3 

y
58

%
 ↓

 D
M

 in
ci

de
nc

e 
at

 2
.8

 y
34

%
 ↓

 D
M

 in
ci

de
nc

e 
at

 1
0 

y 
(7

 y
ea

rs
 a

ft
er

 
en

d 
of

 in
te

rv
en

ti
on

)

K
os

ak
a 

et
 a

l. 
(2

0
05

)
Ja

pa
ne

se
 m

en
 w

it
h 

IG
T

; 
m

ea
n 

ag
e 

52
 y

 (
n 

= 
45

8)
4

D
ie

t,
 e

xe
rc

is
e,

 b
eh

av
io

ra
l 

co
u

ns
el

in
g;

 <
 6

 c
on

ta
ct

s 
fi

rs
t 

ye
ar

N
et

 1
.8

 k
g 

lo
ss

 a
t 

4 
y

67
%

 ↓
 D

M
 in

ci
de

nc
e 

at
 4

 y

In
di

an
 D

ia
be

te
s 

Pr
ev

en
ti

on
 

Pr
og

ra
m

 (
R

am
ac

ha
nd

ra
n 

et
 

al
., 

20
06

)

In
di

an
 m

en
 a

nd
 w

om
en

 
w

it
h 

IG
T

; m
ea

n 
ag

e 
46

 y
 

(n
 =

 5
31

)

3
D

ie
t,

 e
xe

rc
is

e,
 b

eh
av

io
ra

l 
co

u
ns

el
in

g;
 1

6 
co

nt
ac

ts
 

fi
rs

t 
ye

ar

N
o 

ne
t 

w
ei

gh
t 

lo
ss

29
%

 ↓
 D

M
 in

ci
de

nc
e

Z
en

sh
ar

en
 S

tu
dy

 (
Sa

it
o 

et
 a

l.,
 

20
11

)
Ja

pa
ne

se
 a

du
lt

s 
w

it
h 

IF
G

; 
m

ea
n 

ag
e 

49
 y

 (
n 

= 
64

2)
3

D
ie

t 
an

d 
ex

er
ci

se
 

co
u

ns
el

in
g;

 9
 c

on
ta

ct
s 

ov
er

 
3 

ye
ar

s

N
et

 1
.9

%
 lo

ss
 a

t 
1 

y
4

4%
 ↓

 d
ia

be
te

s 
in

ci
de

nc
e 

ov
er

al
l

Su
bg

ro
u

p 
an

al
ys

es
N

o 
di

ff
er

en
ce

 in
 D

M
 in

ci
de

nc
e 

am
on

g 
is

ol
at

ed
 I

FG
33

%
 ↓

 D
M

 a
m

on
g 

lo
w

 F
PG

 (<
 1

10
)

50
%

 ↓
 D

M
 a

m
on

g 
hi

gh
 F

PG
 (

> 
11

0)
N

o 
di

ff
er

en
ce

 in
 D

M
 a

m
on

g 
lo

w
 A

1C
 (<

 6
.0

)
76

%
 ↓

 D
M

 a
m

on
g 

hi
gh

 A
1C

 (
> 

6.
0)

W
eb

er
 e

t 
al

. (
20

16
)

57
8 

ov
er

w
ei

gh
t/

ob
es

e 
A

si
an

 I
nd

ia
ns

 w
it

h 
 

pr
e-

di
ab

et
es

3
D

ie
t,

 e
xe

rc
is

e,
 b

eh
av

io
ra

l 
co

u
ns

el
in

g;
 1

6 
co

nt
ac

ts
 

fi
rs

t 
ye

ar

N
et

 3
%

 lo
ss

 a
t 

6 
m

on
th

s
29

%
 ↓

 d
ia

be
te

s 
in

ci
de

nc
e 

ov
er

al
l

Su
bg

ro
u

p 
an

al
ys

es
12

%
 ↓

 D
M

 in
ci

de
nc

e 
am

on
g 

is
ol

at
ed

 I
FG

31
%

 ↓
 D

M
 a

m
on

g 
is

ol
at

ed
 I

G
T

36
%

 ↓
 D

M
 a

m
on

g 
IF

G
 a

nd
 I

G
T

13
%

 ↓
 D

M
 a

m
on

g 
lo

w
 A

1C
 (<

 5
.7

)
50

%
 ↓

 D
M

 a
m

on
g 

hi
gh

 A
1C

 (5
.7

–6
.2

)

N
ot

e.
 F

P
G

, f
as

ti
ng

 p
la

sm
a 

gl
uc

os
e;

 I
FG

, i
m

pa
ir

ed
 f

as
ti

ng
 g

lu
co

se
; I

G
T

, i
m

pa
ir

ed
 g

lu
co

se
 t

ol
er

an
ce

; D
M

, d
ia

be
te

s 
m

el
li

tu
s.



190 HealtH ConsequenCes of WeigHt ReduCtion

year and a 4.5% weight loss at 4 years and 
found a 58% reduced incidence of diabetes. 
In a subsequent study in Japan, 4 years of 
regular behavioral support to improve diet 
and physical activity led to a modest reduc-
tion in weight (net 1.8 kg) and a 67% reduc-
tion in diabetes incidence (Kosaka, Noda, & 
Kuzuya, 2005). Finally, a randomized con-
trolled trial (RCT) comparing lifestyle mod-
ification, metformin, and the combination 
with usual care among 502 Asian Indians 
resulted in 35–38% reductions in diabetes 
incidence among all three groups compared 
to usual care (Ramachandran et al., 2006).

Post-hoc analyses conducted on the Finn-
ish and U.S. prevention trials suggest that 
the benefits of the trials were a result of mul-
tiple intervention components, as each of 
the study goals (achieving 5% weight loss, 
reducing fat intake to < 30%, reducing satu-
rated fat to < 10%, increasing fiber intake 
to > 15g/day, and increasing physical activ-
ity levels to > 4 hours/week) was associated 
with substantial reductions in risk. In the 
U.S. DPP, post-hoc analyses suggested that 
weight loss was the most dominant of these 
factors and showed that each kilogram of 
weight loss was associated with a 16% re-
duction in diabetes incidence. Participants 
who met all three goals (7% weight loss, 150 
minutes per week walking, < 30% of fat in 
the diet) had an 80% reduced risk of diabe-
tes (Hamman et al., 2006). However, these 
post-hoc analyses should be interpreted cau-
tiously because they are not randomized 
comparisons, and the weaker association of 
dietary and physical activity factors (i.e., vs. 
weight loss) may be partly a function of less 
accurate measurement and more measure-
ment error.

The studies conducted in Asian popula-
tions raise other questions about the role of 
weight loss as the central mechanism of ef-
fect in these lifestyle interventions. The Da 
Qing study and the India Diabetes Preven-
tion Study found little or no weight change 
in any of the intervention groups, yet found 
significant reductions in diabetes incidence 
(Pan et al., 1997; Ramachandran et al., 
2006). This finding may reflect the limita-
tions of using overall body weight as a mark-
er of the specific effects on visceral adipos-
ity and lean mass, which may be the most 
important factors affecting diabetes risk. 

These variable effects also raise the question 
of the degree to which behavior changes, 
including increasing physical activity levels 
and qualitative components of the diet (e.g., 
healthy fats vs. saturated fats; whole grains 
and healthy carbohydrates vs. added sugar 
and refined carbohydrates), affect the risk of 
diabetes irrespective of weight loss (Mozaf-
farian, 2016).

Several of the diabetes prevention trials 
have examined the extended or “legacy” 
effects of the intervention on diabetes. The 
Finnish Diabetes Prevention Study (DPS) 
found a 43% reduction in diabetes incidence 
3 years after the cessation of the lifestyle in-
tervention (Uusitupa et al., 2009). In a 20-
year follow-up (14 years after the cessation 
of the intervention), the Da Qing Diabetes 
Prevention Study also found that a signifi-
cant 43% reduction in diabetes incidence re-
mained (Li et al., 2008). In the Diabetes Pre-
vention Program Outcomes Study (DPPOS), 
participants in the lifestyle intervention pro-
gram had a 24% reduced incidence of dia-
betes 8 years after completion of a 10-year 
trial, even though the participants in the 
control group were offered lifestyle interven-
tion after completion of the primary trial. 
The DPPOS also found that participants 
with IGT who regressed to normal glucose 
tolerance over 6 years had a reduced risk of 
progression to diabetes, compared to those 
who remained in the IGT category (Per-
reault et al., 2012).

The focus of almost all of the prevention 
studies on adults with IGT has led to an 
important gap in the literature, given that 
many contemporary settings quantify diabe-
tes risk using different glycemic definitions, 
including fasting glucose or HbA1C. The 
few studies that have either stratified or re-
cruited people with isolated impaired fasting 
glucose (IFG) or isolated, elevated HbA1C 
have yielded inconsistent findings on diabe-
tes prevention. In post-hoc analyses of the 
Zensharen Study for the Prevention of Life-
style Diseases, the benefit of lifestyle inter-
ventions (56% reduction in incidence) was 
limited to persons with IGT and HbA1C lev-
els > 6%, with no prevention effect observed 
among those with isolated IFG or HbA1C 
levels < 6% (Saito et al., 2011). More recent-
ly, the Diabetes Community Lifestyle Im-
provement Program (D-CLIP) study found 
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that the lifestyle intervention was less effec-
tive (12% reduction) in those with isolated 
IFG than in those with any evidence of IGT 
(31–36% reduction), consistent with the hy-
pothesis that lifestyle interventions act more 
on insulin resistance than on insulin secre-
tion (Weber et al., 2016). However, since 
race/ethnic variation in the pathogenesis of 
diabetes (i.e., differing influence of beta cell 
failure vs, peripheral insulin resistance on 
diabetes) may exist, follow-up prevention 
studies are needed to better quantify the het-
erogeneity of prevention effectiveness.

Taken as a whole, the studies of diabetes 
prevention clearly indicate that multidis-
ciplinary, lifestyle-based weight loss inter-
ventions with goals of modest weight loss 
reduce diabetes incidence by 30–60% after 
2–6 years. Such interventions work in di-
verse cultural settings and across both gen-
ders, diverse ages, and racial/ethnic groups. 
These trials have led to considerable activity 
in translating the positive findings into prac-
tical interventions and programs in com-
munities, as well as using diverse modali-
ties such as virtual support, social media, 
and telephone counseling. There have also 
been many short-term intervention studies 
examining the impact of these community-
based programs on body weight, which have 
generally been favorable and encouraging. 
However, the impact of community-based 
programs on long-term outcomes has not 
been assessed yet and will be an important 
public health research challenge for the near 
future.

Cardiovascular Disease Incidence and Mortality

Despite the clear benefit of weight loss on 
diabetes incidence, the impact of lifestyle-
based weight loss programs on cardiovascu-
lar health remains controversial, as reflected 
by the results of selected studies summarized 
in Table 12.2. In theory, the diverse benefits 
of weight loss in hypertension, lipids, in-
flammatory factors, and insulin resistance 
should lead to reductions in cardiovascular 
disease (Wing, 2010). Early observational 
studies of the effects of intentional weight 
loss on cardiovascular disease incidence and 
mortality reported inconsistent findings. 
Many were unable to rule out reverse cau-
sality or the confounding of unintentional 

weight loss (Williamson, 1998), indicating 
that intervention studies would be a prefer-
able approach. One of the first such analyses 
was a follow-up of the Malmo Prevention 
Study, a nonrandomized lifestyle interven-
tion trial that found a 56% reduction in 
cardiovascular disease (CVD) mortality, but 
could have been confounded by the large dif-
ference in levels of hypertension at baseline 
(Eriksson & Lindgarde, 1998). Subsequent 
studies of intensive, cardioprotective inter-
ventions focused on saturated fat reduction, 
increasing vegetable intake, and increasing 
physical activity levels found significant re-
ductions in cardiac events and a slower rate 
of progression of coronary artery stenosis 
(Ornish, 1993; Haskell et al., 1994; Ornish 
et al., 1998). Weight loss in these studies 
ranged from 4 to 8%, but as these studies 
were conducted using persons with prior 
CVD and the interventions were accompa-
nied by lipid-lowering and antihypertensive 
drugs, it is difficult to know how much the 
effects in these relatively small studies were 
really driven by weight loss.

Follow-up analyses of the diabetes preven-
tion trials have also generated ambiguous 
findings related to the impact of lifestyle-
based weight loss interventions on CVD in-
cidence. In the Finnish DPS, adults assigned 
to the lifestyle intervention had no differ-
ence in rate of CVD incidence relative to 
adults in the control condition (Uusitupa et 
al., 2009). Similarly, the DPPOS found no 
overall difference in the prevalence of ag-
gregate microvascular complications (neu-
ropathy, nephropathy, retinopathy) between 
intervention conditions but found a 22% 
reduced risk of microvascular complica-
tions in women participating in the lifestyle 
intervention (Diabetes Prevention Program 
Outcomes Study Research Group, 2015). 
In contrast with the Finnish DPS and the 
U.S. DPPOS, the Da Qing Diabetes Preven-
tion Study found a 47% reduced incidence 
of severe diabetes retinopathy and a 41% 
reduced incidence of CVD mortality (Gong 
et al., 2011; Li et al., 2014). However, re-
ductions in CVD mortality were fully driven 
by reductions in women, and there was no 
impact on other diabetes-related complica-
tions. The lack of a benefit in men may have 
been affected by the very large prevalence of 
smoking among study participants.
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Among the chain of research studies just 
described, ranging from observational stud-
ies of weight loss to the diabetes prevention 
studies, none were designed or statistically 
powered to test the impact of weight loss 
on the risk of CVD incidence. Initiated in 
2001, the Look AHEAD study provided the 
largest test to date of structured weight loss 
intervention results for reduced CVD inci-
dence (Wing et al., 2013). The study ran-
domized more than 5,000 adults with type 
2 diabetes to compare the effect of intensive 
weight loss intervention to a control condi-
tion consisting of modest diabetes support 
and education. The lifestyle intervention 
group in Look AHEAD received extensive 
support (44 visits per year during the first 
year, 24 visits during years 2–4, and at least 
quarterly visits thereafter from a multidisci-
plinary team, whereas the diabetes support 
and education (DSE) group received three 
visits during the first year. The lifestyle in-
tervention group achieved a net weight loss 
of 7.9% at year 1 and 2.6% at year 8, with 
27% maintaining a 10% weight loss (vs. 
17% in DSE group)—results that were un-
precedented for a major intervention trial 
(Look AHEAD Study, 2014). The lifestyle 
intervention group also achieved 15% and 
12% net improvements in treadmill walking 
capacity at years 1 and 4, respectively. The 
weight loss and fitness gains were paralleled 
by large, first-year reductions in blood pres-
sure (6.8/3.0 mmHg), triglyceride (–30 mg/
dL), HbA1C (–5.0%), and fasting plasma 
glucose (–21 mg/dL). However, there was 
no significant effect on LDL cholesterol, 
perhaps because there was a slightly lower 
proportion taking lipid-lowering medica-
tions among lifestyle intervention group 
participants relative to the control condition 
(Wing et al., 2013). The risk factor reduc-
tions remained significant after 4 years, but 
the magnitude of differences in risk factors 
between groups had diminished to 2.4/0.4 
mmHg for blood pressure, 5 mg/dL class for 
triglycerides, and 0.3% for HbA1c.

Despite the large weight loss and risk fac-
tor reductions achieved in Look AHEAD, 
the study ultimately found no significant ef-
fect on the primary outcome of CVD inci-
dence, defined by a composite of fatal and 
nonfatal heart attacks and stroke, CVD 
death, or hospitalization for angina. There 

was a tendency for a more favorable effect 
among those without preexisting CVD than 
those with CVD, but the differences in risk 
between the intervention and control group 
were not significant in either stratum. Sev-
eral hypotheses were raised to explain the 
unexpected, null findings of Look AHEAD, 
including factors related to the study popu-
lation (previously diagnosed with diabetes), 
inclusion of participants with prior CVD, 
and the midtrial protocol change to incor-
porate hospitalized angina as an outcome. 
However, none of the subgroup analyses or 
tests of interaction uncovered major effects 
of the factors.

Nevertheless, a post-hoc epidemiologi-
cal analysis suggests that the magnitude of 
weight loss and response to the interven-
tion may be an important factor. In analyses 
combining intervention and control groups, 
persons with at least a 10% weight loss over 
the first year had a 21% reduced CVD inci-
dence compared to persons with no weight 
change or weight gain. Similarly, those with 
large fitness change had a 22% reduced 
CVD incidence compared to those with no 
fitness gain, adjusting for differences in base-
line risk factors. In a second analysis akin 
to a per-protocol or on-treatment analysis, 
participants who were assigned to the in-
tensive lifestyle intervention (ILI) condition 
and met the 10% weight loss goal at year 
1 had a 20% reduced CVD incidence com-
pared to the control condition, adjusting for 
baseline risk factors (Look AHEAD Study 
Group, 2016a). These findings suggest that 
the structured weight loss interventions may 
have had a positive impact on CVD among 
the subset of participants with high levels of 
adherence and strong weight loss responses 
to the intervention.

Disability and Quality of Life

The association of obesity with disability 
and diverse domains of quality of life, in-
cluding physical, psychological, and social 
functioning, have raised the question of 
whether weight loss interventions could re-
duce disability and improve quality of life 
(Alley & Chang, 2007). The association of 
obesity with disability is thought to be mul-
tifactorial, with obesity having direct effects 
on physical function and fatigue as well as 
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indirect effects through multiple comorbid 
conditions, including diabetes, arthritis, 
coronary heart disease, stroke, and depres-
sion. It is less obvious whether weight loss, in 
turn, reduces disability in older adults, as ob-
servational studies of weight change and dis-
ability have actually associated weight loss 
with decreased physical functioning. How-
ever, the relationship may be explained by 
confounding due to underlying health status 
or reverse causality (Launer et al., 1994; Lee 
et al., 2005), underscoring the importance of 
controlled trials for the examination of the 
impact of weight loss on disability.

Initial trials of the impact of weight loss 
on functional impairment have focused on 
older, overweight adults with arthritis. The 
Arthritis, Diet, and Activity Promotion Trial 
(ADAPT) study randomized 316 people ages 
> 60 years with body mass index (BMI) > 
28 kg/m2 and knee pain and disability to an 
18-month diet and exercise program that 
achieved a 5–6% weight loss, with signifi-
cant improvements in lower extremity and 
physical functioning, 6-minute walking dis-
tance, and knee pain. A subsequent study 
randomized adults to dietary, exercise, diet 
plus exercise, or usual care conditions and 
found a net 9– 10% weight loss, large de-
creases in fat mass as well as lean mass, and 
improvements in several metrics of strength, 
balance, and gait (Messier et al., 2004). The 
greatest overall improvements in function 
were associated with weight loss that result-
ed from exercise and diet combined. The ex-
ercise condition had no effect on weight but 
preserved bone mineral density and muscle 
mass relative to the diet condition.

The Look AHEAD Study has provided 
the most extensive long-term examination 
of the effects of weight loss on disability and 
quality of life to date (Rejeski et al., 2012, 
2015). After 4 years of follow-up, the inten-
sive lifestyle condition was associated with a 
48% reduction in incidence of mobility loss. 
These improvements were most pronounced 
in the incidence of severe mobility-related 
disability, which occurred in 21% of ILI par-
ticipants after 4 years, compared to 26% of 
those in the DSE control condition. Second-
ary analyses indicated that the reductions in 
mobility loss were explained both by reduc-
tions in body weight and improvements in 
physical fitness. In a subsequent analysis, 

the advantage of the intervention on physi-
cal function was maintained through 8 years 
of follow-up. However, this difference was 
primarily driven by older adults (ages 60–76 
at baseline) and those without CVD, as the 
intervention-related differences gradually di-
minished over 8 years in the younger adults 
(ages 45–59 at baseline) and those with prior 
CVD (Rejeski et al., 2015). In a more recent 
analysis of the impact of the Look AHEAD 
intervention, the lifestyle intervention was 
associated with a significant, 1-year average 
delay in the onset of disability and a signifi-
cant increase in the number of active years 
of life. For an average 60-year-old, ILI was 
associated with an increase in the number of 
active years of life (12.0 vs. 11.1 years), lead-
ing to a delay in disability onset (age 72.0 
vs. 71.1 years) followed by a decrease in the 
number of years of life spent disabled (15.2 
vs. 15.7 years; p < .01; Gregg et al., 2018).

Mortality

A long history of observational studies have 
raised questions about whether weight loss 
decreases or even increases mortality risk 
(Williamson, 1998). This literature is dif-
ficult to interpret due to the lack of assess-
ment of intentionality of weight loss, leading 
to subsequent analyses of intentional weight 
loss based on self-report from cohort stud-
ies. Analyses of the Cancer Prevention Stud-
ies I and II from the late 1990s and early 
2000s found reductions in mortality asso-
ciated with weight loss among middle-age 
women and with obesity-related conditions 
among low-risk women (Williamson et al., 
1995), but no association between the mag-
nitude of weight loss and mortality among 
women without obesity-related conditions. 
Among men, reductions in mortality were 
observed only among those with preexist-
ing disease (Williamson et al., 1995, 1999). 
However, subsequent analysis of adults with 
diagnosed diabetes in the Cancer Prevention 
Study and the National Health Interview 
Survey (NHIS) found roughly 25% reduced 
mortality risk compared to those who were 
not losing weight (Williamson, Thompson, 
Thun, Flanders, & Pamuk, 2000; Gregg, 
Gerzoff, Thompson, & Williamson, 2004). 
However, in the NHIS, mortality rates were 
20% lower among persons who were trying 
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to lose weight but reported no weight change 
during the previous year. Thus, trying to 
lose weight appeared to be as important as 
weight loss itself. This could be attributed to 
health benefits associated with weight loss 
attempts or, alternatively, an indication that 
people who report trying to lose weight en-
gage in other healthier behaviors.

A study of 5,000 British men provided yet 
another insight into the potential role of in-
tentional weight loss (Wannamethee, Shaper, 
& Lennon, 2005). Intentional weight loss 
was associated with a 41% reduced risk of 
all-cause mortality and a 64% reduced risk 
of non-CVD-related mortality if the weight 
loss resulted from personal choice. However, 
intentional weight loss that was attributed 
to ill health or a physician’s advice was as-
sociated with a 37% increased mortality 
risk. Other observational studies have been 
less encouraging about the benefits of inten-
tional weight loss on mortality. There was 
no association of weight loss with mortality 
among women in the Iowa Women’s Health 
Study, and in the 18-year follow-up of the 
Finnish Twin Cohort Study, intentional 
weight loss was associated with increased 
mortality risk (French, Folsom, Jeffrey, & 
Williamson, 1999; Sorensen, Rissanen, 
Korkeila, & Kaprio, 2005). A meta-analysis 
quantified that these observational studies 
found no significant overall association of 
weight loss with mortality risk. However, 
there was a modest (19%) risk reduction 
among those with prior comorbid conditions 
and a modest (11%) increased mortality risk 
among healthy individuals (Harrington et 
al., 2009). Taken as a whole, these reviews 
dispel the notion that weight loss is detri-
mental to longevity but leave the question 
of benefit somewhat unclear, underscoring 
the importance of intervention trials to ac-
curately assess the impact of weight loss on 
morbidity and mortality.

Unfortunately, RCTs of lifestyle interven-
tions have not been adequately powered to 
test the impact of weight loss on mortality. 
As described above, the Malmo Prevention 
Study and the Da Qing Diabetes Prevention 
Study are the only lifestyle-based weight 
loss studies of which we are aware to report 
a reduction in CVD-related mortality, and 
the Look AHEAD study found no effect on 
CVD incidence. However, studies of bar-

iatric surgery (described later) represent the 
one segment of the human weight loss lit-
erature suggesting that weight loss increases 
longevity. Finally, an ecological study ex-
plored the impact of populationwide weight 
change on health trends associated with the 
Cuban economic crisis that followed the dis-
solution of the Soviet Union (Franco et al., 
2007). Between 1988 and 1993, average per 
capita daily energy intake decreased by over 
1,000 calories, the proportion of citizens 
considered physically active doubled, obesity 
prevalence declined from 14 to 7%, and the 
prevalence of overweight remained relatively 
stable. During the same period, mortality due 
to diabetes, coronary heart disease mortal-
ity, and all-cause mortality declined by 51%, 
35%, and 18%, respectively, with no change 
in cancer mortality rates. By 2000, the eco-
nomic crisis had subsided and energy intake 
and obesity returned to precrisis levels. Mor-
tality rates plateaued about 2 years later.

Medical and Surgical Interventions
Pharmacological Treatment

Following a long period of limited pharma-
cological options for weight loss, several 
new agents have been approved by the FDA 
in recent years. As of 2016, a total of five 
weight loss medications are now available. 
Of these, five (orlistat, phentermine/topi-
ramate, liraglutide, naltrexone/pupropion) 
have been tested in randomized controlled 
trials of adequate size and follow-up to ex-
amine the incidence of morbidity. In 2004, 
the Xendos study found a net 2.8-kg weight 
loss with orlistat versus a placebo and a 
37% reduced diabetes incidence in 3,305 
obese adults with and without pre-diabetes 
and a 45% reduced incidence in those with 
IGT (see Table 12.3). As in other studies 
involving pharmacotherapy for obesity, the 
study suffered from a loss to follow-up of 
66% in the placebo group and 48% in the 
orlistat group (Torgerson, Hauptman, Bold-
rin, & Sjöström, 2004). More recently, the 
SEQUEL trial found a net 8–9% weight 
loss and a 54% and 76% reduced diabetes 
incidence with moderate and high doses 
of phentermine/topiramate (Garvey et al., 
2014). However, diabetes was assessed only 
for two-thirds of the participants due to a 
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combination of loss to follow-up and a study 
design that consisted of a 1-year extension 
with an opt-out for participants.

Three RCTs have tested the impact of li-
raglutide, a long-acting glucagon-like pep-
tide-1 (GLP-1) receptor agonist, on weight 
loss and morbidity. The SCALE Obesity 
and Prediabetes trial tested the impact in 
3,731 men and women with pre-diabetes 
and found a 5.4% net weight loss and 90% 
reduced diabetes incidence. A 3-year follow-
up for those with pre-diabetes found a 67% 
reduced diabetes incidence (le Roux et al., 
2016). However, the SCALE study also had 
substantial loss to follow-up (28–47%) in 
the liraglutide group and 67–90% in the 
control group, leaving open the possibility 
that both the tolerability of the drug and the 
effect on diabetes incidence were overesti-
mated. Finally, the LEADER study random-
ized more than 9,000 obese men and women 
to 1.8 mg liraglutide or placebo. The study 
observed a 2.3-kg weight loss over almost 
4 years and a significant 13–21% relative 
reduction in myocardial infarction, overall 
CVD and related deaths, and nephropathy. 
This trial, despite not having been designed 
to evaluate weight loss, provided the first 
test of a weight loss drug on CVD incidence 
(Marso et al., 2016). The most recent study 
to have evaluated multiple morbidity and 
mortality with an anti-obesity drug evaluat-
ed the effect of Naltrexone-bupropion added 
to weight management. They found a 16% 
death reduction from all causes, and 12% 
reduction of major cardiovascular events 
after a mean follow-up of 2.5 years.

Bariatric Surgery

The proliferation of bariatric surgery in obe-
sity treatment in recent decades has been ac-
companied by a large increase in the number 
of studies examining long-term outcomes. 
Most studies have been registry-based co-
horts comparing the rates of diabetes inci-
dence, remission, CVD, and other forms of 
morbidity and mortality between surgical 
patients and nonrandom or matched con-
trols. These studies have demonstrated large 
weight loss, averaging 30% over 1 or 2 years 
and 25% over 5 years (Maciejewski et al., 
2016). As summarized in Table 12.4, the 
impact of surgery on diabetes incidence has 

been consistent and substantial, with esti-
mates of 65–90% reductions in diabetes in-
cidence (Adams et al., 2012; Sjoholm et al., 
2013; Wentworth et al., 2014).

Much of the evidence for the benefit of 
bariatric surgery has been derived from the 
Swedish Obese Subjects (SOS) study, a long-
term study of 2,010 bariatric surgery pa-
tients with 2,037 control subjects over a 20-
year period. The study population ranged in 
age from 37 to 60 years at baseline (aver-
age age 46 for intervention, 47 for control) 
and had minimum BMIs of 34 for men and 
37 for women (average of 41, kg/m2). Aver-
age weight loss after 10 years ranged from 
32% for gastric bypass to 20% for banding. 
Analyses from the SOS trial have reported 
53% reductions in mortality and 33–47% 
reductions in CVD incidence and macrovas-
cular and microvascular complications of 
diabetes (Sjöström et al., 2012). These find-
ings have been supported by other registry-
based cohorts that have observed substan-
tial reductions in other vascular outcomes, 
including microvascular and macrovascular 
complications among patients with type 2 
diabetes (Sampalis, Sampalis, & Christou, 
2006; Romeo et al., 2012; Johnson et al., 
2013; Sjöström et al., 2014; Coleman et al., 
2016).

Four studies also observed reductions 
in the incidence of obesity-related cancers, 
breast cancer, and cancer mortality (Chris-
tou, Lieberman, Sampalis, & Sampalis, 
2008; Adams et al., 2009; Sjöström et al., 
2009; Aravani et al., 2018). However, a 
study of more than 15,000 men and women 
found an increased risk of colorectal cancer 
among surgery patients, a finding that war-
rants examination in additional studies. The 
impact of bariatric surgery on mortality has 
also been consistent and substantial, with 
reductions in mortality rates ranging from 
about 25 to 90% relative reductions across 
more than 10 studies (Derogar et al., 2013). 
The primary limitation of these studies is 
the lack of randomization, leaving open the 
possibility that surgical patients are some-
how healthier in other ways due to selection 
biases that favor their referral for surgery 
or inherent differences in health behaviors 
in individuals willing to undergo surgery. 
Nevertheless, the health benefits of obesity 
surgery on diabetes incidence, diabetes re-
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mission, and mortality are consistent. The 
key questions that remain concern gaining 
a better understanding of how to identify 
patients who will benefit most and have the 
least adverse health outcomes.

Summary and Conclusions

This synthesis of the literature demonstrates 
clear evidence of the health benefits of inten-
tional weight loss, except that the benefits 
depend on the modality of the weight loss, 
the target population for intervention, and 
the outcome of interest. Evidence is stron-
gest for structured lifestyle interventions 
and bariatric surgery, particularly when 
applied to populations who have IGT and/
or are very obese. The effects are most evi-
dent for diabetes, disability, and mortality. 
Benefits on other major outcomes such as 
CVD and cancer are less clear, as few stud-
ies exist. Specific conclusions from this syn-
thesis, categorized according to modality of 
weight loss, suggest the following:

Lifestyle Interventions

1. Structured lifestyle-based weight loss 
interventions of at least 2 years are consis-
tently associated with a 30–60% decreased 
incidence of diabetes among high-risk indi-
viduals. These findings appear strongest for 
overweight and obese persons with IGT. Key 
questions remain, including the magnitude 
of benefit in low-risk populations as well 
as the impact of less intensive, community-
based approaches.

2. Lifestyle interventions have favorable 
effects on disability risk and active and dis-
abled life expectancy, but more studies are 
needed to confirm these findings and clarify 
which population subgroups can expect to 
benefit.

3. Lifestyle-based weight loss interven-
tions do not appear to affect CVD incidence 
among people with type 2 diabetes, but this 
may depend on the magnitude of weight loss.

4. Lifestyle-based weight loss interven-
tions may have several other additional 
long-term benefits on morbidity, including 

decreases in chronic kidney disease, depres-
sion, and cancer, but these benefits have 
been dominated by findings from the Look 
AHEAD study and warrant replication.

Medical and Surgical Interventions

5. Bariatric surgery leads to substantial 
reductions in diabetes incidence and mortal-
ity and has shown promising associations 
with CVD incidence, diabetes-related com-
plications, and cancer. However, these find-
ings are limited to nonrandomized studies; 
RCTs would help clarify the true magnitude 
of effect as well as how benefits vary across 
segments of the population.

6. Newly approved weight loss medica-
tions have shown promising effects on both 
diabetes and CVD incidence, but the large 
loss to follow-up in many of these studies, 
along with the small number of studies, 
leaves the impact on morbidity unclear.

The growing evidence base supporting the 
benefit of intentional weight loss on long-
term morbidity has led to an expansion of 
community-based interventions for over-
weight and obese adults with cardiometa-
bolic risk factors, including the National Di-
abetes Prevention Program (Ely et al., 2017). 
This translation of the science into practice 
is an encouraging and important step in 
limiting the burden of morbidity caused by 
overweight and obesity in the United States. 
However, the size of the population at risk 
due to overweight and obesity, in part due to 
expanding longevity in the U.S. population, 
is too large to rely fully on clinical interven-
tions and structured lifestyle programs. This 
problem will ultimately call upon a stronger 
science base to bolster the effectiveness of 
policy-level approaches to enhance weight 
loss, maintenance, and prevention of obe-
sity. As such, there will be a continued need 
for rigorous trials of diverse weight loss in-
terventions. There will also be a need for 
a new generation of observational studies 
and natural experiments to more rigorously 
examine the effectiveness of the diverse ap-
proaches to weight loss carried out in com-
munities, as well as the impact of health 
policies aimed at managing and preventing 
obesity.
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Current guidelines for treating overweight 
and obesity in adults recommend that pa-
tients receive a comprehensive lifestyle in-
tervention comprised of diet, exercise, and 
behavior therapy to improve weight and 
health (Jensen et al., 2014). These recom-
mendations are based on evidence from 
randomized controlled trials (RCTs) that 
demonstrate that weight loss improves sev-
eral cardiovascular risk factors (Warkentin, 
Das, Majumdar, Johnson, & Padwal, 2014). 
Weight loss can also improve health-related 
quality of life (HRQoL) (see Rejeski & Wil-
liamson, Chapter 14, this volume). For ex-
ample, weight loss has been shown to sig-
nificantly improve physical components of 
HRQoL, such as physical functioning and 
bodily pain, in adults who are overweight 
or obese and have type 2 diabetes (William-
son et al., 2009). However, weight loss often 
does not produce similar improvements in 
mental or psychological aspects of HRQoL 
(Warkentin et al., 2014; Williamson et al., 
2009; Yancy et al., 2009). This chapter re-
views the literature on how weight loss in 
adults influences psychosocial status and 
cognitive function. The literature review fo-

cuses on RCTs that investigated weight loss 
or calorie restriction, and, importantly, in-
cludes studies that promoted weight loss or 
calorie restriction among both persons who 
were overweight or obese and persons of 
normal weight.

Effects of Weight Loss on Mood

Severe calorie restriction negatively affected 
mood and psychological well-being in Ancel 
Keys’s Minnesota Starvation Experiment, 
which enrolled normal-weight volunteers 
as an alternative to military service dur-
ing World War II (Keys, Brozek, Henschel, 
Mickelsen, & Taylor, 1950). The study was 
designed to quantify the effects of prolonged 
severe calorie restriction and to identify 
methods of refeeding individuals who ex-
perienced prolonged starvation as a result 
of World War II. Volunteers in the study 
were subjected to 24 weeks of severe calo-
rie restriction (i.e., 50% decrease in baseline 
intake) and a low-fat, lower-protein mo-
notonous diet while maintaining an active 
lifestyle (i.e., walking 22 miles/week). After 
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losing 24% of their starting body weight, the 
men displayed significant psychiatric com-
plications, including major depression and 
symptoms of binge eating. These complica-
tions gradually remitted with the restoration 
of body weight, which had been reduced 
during the experiment to levels observed in 
patients with anorexia nervosa.

Although this study improved our under-
standing of the physiological and psycho-
logical effects of prolonged severe calorie 
restriction (and refeeding), the generalizabil-
ity of the findings are limited, particularly 
when considering the effects of modest levels 
of nutritionally adequate calorie restriction 
in individuals who are overweight or obese. 
In the latter case, a review and meta-analy-
sis by Maciejewski, Patrick, and Williamson 
(2005) concluded that HRQoL, including 
depression, was not negatively affected by 
weight loss, although it also did not con-
sistently improve, in participants in weight 
loss RCTs. However, a number of studies 
conducted in recent years have shown that 
symptoms of depression in patients with 
obesity declined significantly during inten-
tional weight loss (Fabricatore et al., 2011; 
Faulconbridge, 2017).

Among these recent investigations of the 
psychosocial effects of weight loss are the 
comprehensive assessment of long-term ef-
fect of reducing intake of energy (CALERIE) 
studies. The researchers examined the short-
term (CALERIE 1, 6 months; Heilbronn et 
al., 2006) and long-term (CALERIE 2, 2 
years; Ravussin et al., 2015) effects of calo-
rie restriction on physical and psychological 
outcomes in adults who were non-obese.

Phase I of the CALERIE trial (CALERIE 
1) included three separate RCTs conducted 
at the Pennington Biomedical Research Cen-
ter in Baton Rouge, Louisiana, Washington 
University, in St. Louis, Missouri, and Tufts 
University, in Boston, with Duke Univer-
sity, in Durham, North Carolina, serving 
as the Coordinating Center. In CALERIE 
1 at Pennington, 48 men and women who 
were overweight were randomized to one 
of four treatment arms: (1) calorie restric-
tion, which targeted 25% calorie restriction 
of weight maintenance energy requirements; 
(2) calorie restriction plus exercise; (3) low-
calorie diet, in which participants consumed 
890 kcal/day to achieve 15% weight loss 

and then followed a weight maintenance 
diet; and (4) a healthy diet control group 
(Heilbronn et al., 2006). Change in mood 
was assessed using the Beck Depression In-
ventory–II (BDI-II; Beck, Steer, & Brown, 
1996) and the Multifactorial Assessment of 
Eating Disorder Symptoms (MAEDS; An-
derson, Williamson, Duchmann, Gleaves, & 
Barbin, 1999) depression subscale. Results 
demonstrated no negative effect of calorie 
restriction on mood, with improvements in 
depression in the calorie restriction group, 
despite the small sample size and consequent 
limitations in statistical power (Redman, 
Martin, Williamson, & Ravussin, 2008). 
CALERIE 2 was a multisite trial conducted 
at the same three locations as CALERIE 
1, with Duke University again serving as 
the Coordinating Center. This trial tested 
the effect of 2 years of 25% calorie restric-
tion on a number of outcomes compared 
to an ad libitum control group. The study 
sample consisted of 220 healthy adults who 
were normal weight to mildly overweight. 
The BDI-II and the Profile of Mood States 
(POMS; McNair, Heuchert, Droppleman, 
& Lorr, 2003) were used to assess the effect 
of calorie restriction on mood. Compared 
to the control group, the calorie restriction 
group reported improvements in mood over 
the 2-year period, although the effect size 
was modest, and the improvement in mood 
was not clinically meaningful, primarily 
due to the sample being healthy and having 
low levels of mood disturbance at baseline 
(Martin et al., 2016).

In the Look AHEAD clinical trial, over 
5,000 adults who were overweight or obese 
and had been diagnosed with type 2 diabe-
tes were randomized to one of two treatment 
arms—(1) intensive lifestyle intervention or 
(2) diabetes support and education—to in-
vestigate the long-term (10 years) impact of 
weight loss on cardiovascular health (Ryan 
et al., 2003). Improvements in depression 
(BDI-II) were observed in both treatment 
arms, with the effect being greater for those 
randomized to the intensive lifestyle interven-
tion (Williamson et al., 2009). Importantly, 
improvements in depression were greatest 
for lifestyle intervention participants who 
began the study with higher levels of depres-
sion. This positive effect of weight loss on 
mood was maintained through 8 years of 
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follow-up; participants in the intensive life-
style intervention had a significantly lower 
incidence of depression than did participants 
in the diabetes support and education arm 
(Pi-Sunyer, 2014; Rubin et al., 2014).

Similar results were found in the Diabetes 
Prevention Program study, which examined 
the effects of an intensive lifestyle interven-
tion or pharmacotherapy (metformin) versus 
a control condition on the development of 
type 2 diabetes in a large sample of adults 
with impaired glucose tolerance (Ackermann 
et al., 2009). This study found a reduction 
in depression in all three study groups from 
baseline to year 1; all reductions were clini-
cally small (Ackermann et al., 2009; Florez 
et al., 2012).

Diet Type
Weight loss diets vary in their macronutrient 
composition and glycemic index. Research-
ers have examined if these aspects of weight 
loss diets affect changes in mood. In a 
6-month study, 46 healthy adults who were 
overweight were randomized to a high-glyce-
mic-load or low-glycemic-load diet. The two 
groups achieved similar weight losses that 
were not significantly different. Patients as-
signed to the high-glycemic load diet report-
ed a worsening of mood, measured with the 
depression subscale of POMS, compared to 
those randomized to the low-glycemic-load 
diet (Cheatham et al., 2009). In addition to 
glycemic load, researchers have also focused 
on the carbohydrate and fat composition of 
weight loss diets. For example, in an 8-week 
study, Halyburton et al. (2007) randomized 
93 adults who were overweight or obese to 
a low-carbohydrate, high-fat diet or a high-
carbohydrate, low-fat, energy- restricted 
diet. Both diets reduced body weight and 
were shown to improve psychological well-
being, specifically mood (POMS) and de-
pression (BDI; Halyburton et al., 2007).

However, in at least one study, a low-fat 
diet was found to have a more beneficial 
effect on mood compared to a low-carbo-
hydrate diet. This was a 52-week study of 
106 adults with overweight and obesity ran-
domly assigned to either a low-carbohydrate 
or a low-fat, energy-restricted diet. Those 
assigned to the low-fat diet reported im-
provements in mood, compared to those in 

the low-carbohydrate diet, which included 
improvements in depression (BDI), mood 
disturbance, anger, depression, and confu-
sion (POMS; Brinkworth, Buckley, Noakes, 
Clifton, & Wilson, 2009). However, a simi-
lar study failed to support the superior ef-
fects of a low-fat diet. That study included 
115 adults with obesity and type 2 diabe-
tes who were assigned to 1 year of a low-
carbohydrate or a low-fat, energy-restricted 
diet. Both diets improved depression (BDI), 
diabetes-specific emotional distress (Prob-
lem Areas in Diabetes [PAID] questionnaire; 
Polonsky et al. 1995), and various aspects of 
mood (POMS), including total mood distur-
bance, anger–hostility, confusion–bewilder-
ment, depression–dejection, fatigue–inertia, 
vigor–activity, and tension–anxiety (Brink-
worth et al., 2016).

The failure to consistently identify aspects 
of diets that more favorably affect mood 
suggests one of two conclusions: (1) that 
there truly is no relation between diet type 
and improvements in mood; or (2) that the 
effect of diet type on mood is sufficiently 
small that it is difficult to detect, particu-
larly when mood is more strongly affected 
by other variables, such as the amount of 
weight loss. Indeed, in a recent review, El 
Ghoch, Calugi, and Dalle Grave (2016) 
comprehensively assessed studies that inves-
tigated the effect of low-carbohydrate diets 
on psychosocial outcomes. Their review 
concluded that the psychosocial improve-
ment observed in patients who participated 
in these studies was the result of weight loss 
independent of diet composition.

Sex Differences
There may also be sex differences in changes 
in mood in response to weight loss. A short-
term study (3 weeks) with women found 
that diet monitoring increased perceived 
psychological stress, and calorie restriction 
increased cortisol levels, suggesting that 
dieting may have induced a stress response 
(Tomiyama et al., 2010). Conversely, the 
fasting and calorie restriction dietary re-
gime, which consisted of a calorie-restricted 
diet and 2 days of Muslim Sunnah fasting 
per week for 3 months, was demonstrated 
to significantly reduce negative mood, in-
cluding tension, anger, confusion, and total 
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mood disturbance. The intervention also im-
proved mood among aging men compared 
to a control group (Hussin, Shahar, Teng, 
Hgah, & Das, 2013). This study found no ef-
fect for depression assessed with the BDI-II. 
Turning again to the CALERIE 2 study, men 
in the ad libitum group experienced signifi-
cantly higher depression scores compared to 
the calorie restriction groups, whereas no 
significant relationship was formed between 
treatment group and depression in women 
(Martin et al., 2016). Results from these 
studies set the stage for further research to 
better elucidate the possible role of sex dif-
ferences in the relationship between weight 
loss and changes in mood.

Effects of Weight Loss 
on Cognitive Function

Dieting to lose weight has been reported to 
have deleterious effects on working memory 
and central executive functioning (Kemps & 
Tiggemann, 2005; Kemps, Tiggemann, & 
Marshall, 2005; Vreugdenburg, Bryan, & 
Kemps, 2003), leading to further examina-
tion of the effects of weight loss on cogni-
tive function. In the CALERIE 1 study at 
the Pennington Biomedical Research Cen-
ter, a battery of tests was administered to 
participants to understand if calorie restric-
tion affected cognitive function (Martin et 
al., 2007). Tests included assessments of 
verbal memory, visual memory, and atten-
tion/concentration. In this sample of adults 
who were overweight, calorie restriction 
that induced a weight loss of ~10% was not 
found to be associated with deficits in verbal 
and visual memory or attention/concentra-
tion performance (Martin et al., 2007; Red-
man et al., 2008). Similarly, Cheatham et 
al. (2009) found no significant association 
between cognitive performance and weight 
loss via energy-restricted low- and high-gly-
cemic-load diets.

Whereas CALERIE 1 and Cheatham et 
al. (2009) found no effect of weight loss on 
cognitive function, other weight loss stud-
ies have found significant positive effects 
of weight loss on working memory and 
processing speed. Halyburton et al. (2007) 
examined weight loss induced by two diets 
(i.e., low-carbohydrate, high-fat diet or 

high-carbohydrate, low-fat diet) and found 
improvements in both working memory and 
speed of processing over the 8-week study. 
Moreover, the change in speed of process-
ing was greater for participants in the high-
carbohydrate, low-fat diet versus the low-
carbohydrate, high-fat diet. In a longer-term 
study by Brinkworth et al. (2009), working 
memory improved over the course of 1 year, 
with no significant differences between the 
low-carbohydrate and low-fat weight loss 
diets. However, speed of processing was not 
significantly altered during the study.

A systematic review of studies that as-
sessed the impact of weight loss on cogni-
tive function was undertaken by Siervo et 
al. (2011). Their meta-analysis found low-
order improvements in attention/executive 
functioning and memory in individuals with 
obesity who lost weight. In a subsequent 
pilot study, Siervo et al. (2012) examined 
the effect of weight loss on cognitive func-
tion (i.e., global cognitive function, memory, 
executive function, and speed of processing) 
in middle-age and older adults with obesity. 
They found a beneficial effect of weight loss 
(of approximately 10%) on cognitive func-
tion, including global cognitive function, ex-
ecutive functions, and speed of processing.

In addition to weight loss achieved through 
dieting and calorie restriction, studies have 
also examined how weight loss induced by 
bariatric surgery affects cognitive function. 
The Longitudinal Assessment of Bariatric 
Surgery (LABS) project is a prospective lon-
gitudinal study of bariatric surgery patients 
and similar control participants with obesity 
(Spitznagel et al., 2015). This study found 
improvements in memory function at 12 
months following weight loss surgery, com-
pared to a control group of participants with 
obesity that did not undergo surgery (Gun-
stad et al., 2011). Similar results were also 
observed at 24 months (Alosco, Spitznagel, 
et al., 2014). At 36 months postoperative, 
the bariatric surgery patients in the LABS 
project showed improvements in attention, 
executive function, and memory (Alosco, 
Galioto, et al., 2014).

Although concern has been expressed 
over the potential for calorie restriction and 
weight loss to impair cognitive function 
(French & Jeffery, 1994), research findings 
to date do not support this concern. The 
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evidence indicates no detrimental and some 
positive effects of calorie restriction and 
modest weight loss on cognitive function. 
We recognize, of course, that these conclu-
sions do not extend beyond the evidence 
and that cognitive deficits could occur with 
severe weight loss, particularly if achieved 
with a diet that is not nutritionally adequate.

Effects of Weight Loss 
on Sexual Function

Kolotkin, Zunker, and Ostbye (2012) re-
viewed studies that examined obesity and 
sexual function and concluded that a robust 
association existed between obesity and re-
duced sexual functioning. They proceeded 
to review studies that assessed whether 
weight loss improved sexual functioning. 
Of these studies, three found no significant 
effect of weight loss on sexual activity in 
men (Kaukua, Pekkarinen, Sane, & Mus-
tajoki, 2003) or on sexual functioning in 
women (Huang, Stewart, Henandez, Shen, 
& Subak, 2009; Kaukua et al., 2003). How-
ever, one study of diabetic and nondiabetic 
men with obesity found that weight loss was 
associated with increases in erectile function 
and sexual desire (Khoo, Piantadosi, Worth-
ley, & Wittert, 2010).

Since the review by Kolotkin et al. (2012), 
a number of additional studies have been 
undertaken to more thoroughly explore the 
effects of weight loss on sexual function 
in females and males, and in people diag-
nosed with diabetes. These studies have 
demonstrated that weight loss is associated 
with improved sexual function. Aversa et 
al. (2013) investigated the impact of weight 
loss on sexual function in a sample of young 
fertile women who were obese. Using the 
Female Sexual Function Index–6 (FSFI-6; 
Isidori et al., 2010) to measure female sex-
ual dysfunction as a primary outcome, they 
randomized 44 women to either 8 weeks of 
an intensive residential program or 8 weeks 
of a nonintensive outpatient clinic program. 
Both groups were prescribed a hypocaloric 
diet for weight loss. When assessed 8 weeks 
after completing their respective programs, 
women who had been randomized to the 
intensive residential program demonstrated 

increases in sexual function and frequency 
of sexual activity compared to women in 
the nonintensive program. In a sample of 
men with obesity and diabetes, Khoo et al. 
(2011) examined how diet-induced weight 
loss influenced sexual function. The re-
searchers found that weight loss over an 
8-week period, achieved with either a meal-
replacement-based low-calorie diet (LCD) 
or a low-fat, high-protein, reduced-carbohy-
drate diet, resulted in improvements in erec-
tile function (International Index of Erec-
tile Function–5 [IIEF-5]; Rhoden, Telöken, 
Sogari, & Vargas Souto, 2002), sexual de-
sire (Sexual Desire Inventory [SDI]; Spec-
tor, Carey, & Steinberg, 1996), and lower 
urinary tract symptoms (LUTS). Khoo et al. 
(2014) found similar improvements in sex-
ual function (i.e., erectile function, sexual 
desire) in a sample of Asian men with obe-
sity who lost weight loss during 12 weeks 
of either meal replacement or a conventional 
reduced-fat diet.

In a sample of 46 participants with type 
2 diabetes randomized to either a low-car-
bohydrate or low-fat diet for 12 months, im-
provements in sexual function (Diabetes–39 
questionnaire—sexual functioning domain; 
Boyer & Earp, 1997) were reported, with 
no between-diet differences (Davis, To-
muta, Isasi, Leung, & Wylie-Rosett, 2012). 
Similarly, sexual function was improved 
in a sample of 115 adults with obesity and 
type 2 diabetes who completed a weight 
loss study with two energy-restricted diets 
(Brinkworth et al., 2016). In CALERIE 2, 
participants in the calorie restriction group 
reported improved sexual drive and rela-
tionships (Derogatis Interview for Sexual 
Function-Self-Report [DISF-SR]; Derogatis, 
1997) at the end of the study, compared to 
the ad libitum control group (Martin et al., 
2016).

In addition, Kolotkin et al. (2012) re-
viewed a weight loss study that assessed 
erectile dysfunction following gastric by-
pass surgery. This trial found significant im-
provements in erectile function in men post-
operatively, compared to a control group 
(Reis et al., 2010). In a prospective obser-
vational case series of 39 men who under-
went bariatric surgery, Mora et al. (2013) as-
sessed erectile function 1 year after surgery. 
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Weight loss following gastric bypass surgery 
was a significant predictor of improved 
sexual function. Similar improvements in 
sexual function were observed in women 
who underwent bariatric surgery (Sarwer 
et al., 2014). Given this evidence, it appears 
that weight loss improves sexual function in 
women and men, in adults with obesity and 
type 2 diabetes, and in individuals who un-
dergo gastric bypass surgery.

Effects of Weight Loss on Symptoms 
Associated with Eating Disorders

High dietary restraint scores in adolescent 
females are associated with eating disorder 
symptoms, yet only a small percentage of 
adolescent females with high restraint scores 
develop clinically significant symptoms of 
an eating disorder, and adolescent females 
with high restraint scores do not eat less 
than those with low restraint scores (Stice, 
Davis, Miller, & Marti, 2008). Hence, 
chronic calorie restriction does not appear to 
be driving the association between restraint 
scores and eating disorder symptomatol-
ogy. Instead, more severe behaviors, such as 
fasting for 24 hours to manage weight, are 
better predictors of binge-eating pathology 
in adolescent females (Stice, et al., 2008). 
Additionally, evidence from studies in other 
populations does not support a relationship 
between dieting and the development of eat-
ing disorder symptoms, particularly when 
dieting is defined by calorie restriction and 
subsequent weight loss rather than by self-
reported dietary restraint. In one of the first 
randomized trials to assess whether weight 
loss achieved by dieting (calorie restriction) 
induced eating disorder symptoms, Wadden 
et al. (2004) randomized 123 women who 
were obese (and free of binge eating at base-
line) to one of three groups for 40 weeks 
of treatment, with follow-up at 52 and 65 
weeks. The groups included (1) a 1,000 kcal/
day diet that included a liquid meal replace-
ment; (2) a 1,200–1,500 kcal/day balanced 
deficit diet; and (3) a nondieting control 
group. The Eating Disorder Examination 
(Fairburn, 1993) was used to measure binge 
eating and other eating disorder symptoms 
at multiple time points during the study. 

With the exception of a single time point, no 
evidence of binge eating or disordered eat-
ing was found in any of the treatment groups 
(see Figure 13.1).

In the CALERIE 1 study at Pennington, 
eating disorder symptoms were assessed 
using the MAEDS, and concern about body 
size and shape was assessed with the Body 
Shape Questionnaire (Cooper, Taylor, Coo-
per, & Fairburn, 1987; Williamson et al., 
2008). Dietary restraint increased over the 
course of the study in all three dietary re-
striction groups, compared to the control 
group, which is expected with an interven-
tion to increase restraint and restrict energy 
intake. Disinhibition decreased in each of the 
dietary restriction groups, and binge eating 
decreased in all four study groups. Concern 
about body size and shape also decreased in 
all three dietary restriction groups, whereas 
fear of fatness and purgative behavior did 
not change. These results demonstrated that 
dieting marked by significant caloric restric-
tion and weight loss was not associated with 
increased eating disorder symptoms. Similar 
assessments were undertaken in the CAL-
ERIE 2 study, in which calorie restriction 
was not associated with the development of 
eating disorder symptoms or cognitive biases 
for food- and body-shape-related informa-
tion over 2 years. The study results indicated 
that calorie restriction did not cause eating 
disorder symptoms in adults who were nor-
mal weight or mildly overweight (Stewart et 
al., 2014).

Niego and colleagues reviewed the litera-
ture on binge eating and bariatric surgery 
and found that most studies observed an as-
sociation between presurgery and postsur-
gery binge eating (Niego, Kofman, Weiss, 
& Geliebter, 2007). If binge eating was 
present prior to surgery, it most likely per-
sisted following surgery. A follow-up review 
by Meany, Conceição, and Mitchell (2014) 
concluded that presurgery binge eating was 
largely improved after bariatric surgery, and 
that the prevalence of postoperative binge 
eating ranged from 0 to 46% in the stud-
ies examined. Further, postoperative eating 
disorders, such as binge eating and loss of 
control of eating, were associated with poor-
er weight outcomes following surgery (Con-
ceição, Utzinger, & Pisetsky, 2015).
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Effects of Weight Loss on Body Image

As reviewed by Chao (2015) and by Sar-
wer, Tewksbury, and Polonsky (Chapter 
35, this volume), body image improves fol-
lowing weight loss, especially in individuals 
who are overweight or obese. Teixeira et al. 
(2010) randomized 225 women who were 
overweight or obese to a control condition 
or a 1-year weight loss intervention. The 
Body Shape Questionnaire was used to as-
sess changes in multiple dimensions of body 
image. Women in the intervention reported 
significantly greater decreases in body shape 
concern and body shape dissatisfaction than 
those in the control group. Similarly, Annesi 
(2010) randomly assigned 150 women who 
were obese to either a treatment group con-
sisting of exercise and behavioral instruction 
or a control group. The Body Areas Satisfac-
tion Scale (Cash, 2000) was used to evaluate 
body satisfaction. After 24 weeks, the treat-

ment group demonstrated greater improve-
ment in body satisfaction than the control 
participants. In a study of both women and 
men, greater improvements in body image 
(e.g., attractiveness/self-confidence) were 
observed in the treatment group, which re-
ceived nutrition and lifestyle instruction, 
than in the control group (Munsch, Biedert, 
& Keller, 2003). CALERIE 2 also found 
that calorie restriction was associated with 
improved body image in healthy adults who 
were not obese (Stewart et al., 2014).

In their weight loss study, Wadden et al. 
(2004) also found large reductions in nega-
tive body image in both weight loss groups 
and in the nondieting control group. This 
led them to conclude that improvements in 
body image satisfaction could be achieved 
with cognitive behavioral treatment, pro-
vided to nondieting participants, regardless 
of body weight, dieting, and weight loss. 
Results of this study indicate that increases 
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FIGURE 13.1. The percentages of participants in the meal replacement (MR), balanced deficit diet 
(BDD), and nondieting (ND) groups who were free of objective binge episodes at different times (A) 
and free of subjective binge episodes at each period (B). (A) Significant differences (p < .003), as deter-
mined by Fisher’s exact test, were observed between groups at week 28 in the number of participants 
who reported one or more binge episodes. No other differences were observed among groups at any 
time. (B) Differences among groups did not reach statistical significance (with Bonferroni’s adjustment, 
p ≤ .01) at any time, although they approached significance at Week 40. From Wadden et al. (2004).
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in body image satisfaction can result from 
psychological intervention alone without the 
need for weight loss (Crerand et al., 2007).

In a review of studies that examined the 
impact of bariatric surgery on body image, 
Sarwer and Steffen (2015) found that many 
studies have reported improvements in body 
image following bariatric surgery among 
both men and women. However, bodily 
changes (e.g., loose skin) that occur after 
drastic weight loss often lead to body dissat-
isfaction and the pursuit of additional sur-
gery for body contouring (Ellison, Steffen, 
& Sarwer, 2015).

Effects of Weight Loss on Appetite, Food 
Cravings, and Food Preference

In an older study that examined how calo-
rie restriction influenced appetite, Wadden 
and colleagues showed that less food intake 
was associated with less reported hunger 
(Wadden, Stunkard, Day, Gould, & Rubin, 
1987). They randomized 28 participants 
with obesity to either a very-low-calorie diet 
or a low-calorie diet. Greater decreases in 
hunger were reported with the very-low-cal-
orie diet relative to the low-calorie diet. In 
the Wadden et al. (2004) study that assessed 
the impact of dieting on eating disorders 
in women, the researchers also examined 
measures of appetite. Cognitive restraint, 
disinhibition, and hunger were measured 
throughout the study using the Eating In-

ventory (EI; Stunkard & Messick, 1988). 
The results revealed that women in all three 
treatment groups, including the nondiet-
ing control group, experienced decreases in 
hunger and disinhibition. Similarly, in CAL-
ERIE 1, calorie restriction in healthy men 
and women who were overweight produced 
significant weight loss, but this weight loss 
did not alter appetite ratings (hunger, full-
ness, desire to eat, satisfaction, and prospec-
tive food consumption) in the three dietary 
restriction groups compared to the control 
group (Anton et al., 2009; Redman et al., 
2008). In addition, weight loss diets have 
been shown to reduce food cravings. In a 
study that examined how a food-based LCD 
and a supplement-based very-low-calorie 
diet affected food cravings, Martin, O’Neil, 
and Pawlow (2006) found that more restric-
tive diets resulted in larger reductions in food 
cravings, as illustrated in Figure 13.2. Other 
studies have also found that people who lost 
more weight during a diet did not indulge in 
cravings as frequently as those who lost less 
weight (Gilhooly et al., 2007). Together, the 
results indicate that appetite ratings change 
even in nondieting control groups and that 
changes in appetite ratings are frequently 
similar among dieting and control groups.

Recent evidence also suggests that the mac-
ronutrient content of the diet affects changes 
in cravings for specific types of foods. Over 
2 years, a low-fat diet reduced cravings for 
high-fat foods, and a low- carbohydrate diet 
reduced cravings and preferences for foods 

FIGURE 13.2. Estimated marginal means for cravings change scores from baseline (BL) to Week 12 for 
the low-calorie diet (LCD; n = 19) and very-low-calorie diet (VLCD; n = 39) groups. The VLCD group 
demonstrated significantly larger decreases on all cravings scores compared to the LCD group (p < .01). 
From Martin, O’Neil, and Pawlow (2006).
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high in carbohydrate (Martin et al., 2011). 
Dieting was also associated with decreased 
cravings and preferences for restricted foods, 
with the effect being more pronounced in 
men than women (Martin et al., 2011). These 
results indicate that restricting consumption 
of certain types of foods results in decreased 
cravings and preferences for the restricted 
foods (see Figure 13.3). These findings are 
relevant to dieters, as food cravings and food 
preferences are appetitive forces that influ-
ence eating behavior, and the results indicate 
that dieting, in fact, reduces the drive to eat 
restricted food.

Effects of Weight Loss on Sleep

Sleep duration, a facet of sleep quality, has 
been linked to body weight; short sleep 

duration is related to greater body weight 
(Chaput, Despres, Bouchard, & Tremblay, 
2008; Patel, 2009; Spaeth & Dinges, Chap-
ter 8, this volume). Moreover, there has been 
a recent increase in awareness of sleep as an 
important factor in quality of life and over-
all health, with a specific focus on health 
disparities in sleep (Jean-Louis & Grandner, 
2016; Laposky, Van Cauter, & Diez-Roux, 
2016). Several studies have assessed how 
weight loss affects sleep. In a 3-month clini-
cal trial of calorie restriction in aging men, 
Teng et al. (2011) used the Pittsburgh Sleep 
Quality Index (PSQI; Buysse, Reynolds, 
Monk, Berman, & Kupfer, 1989) to test how 
a fasting calorie restriction model affected 
quality of life. They found that sleep quality 
was poor for all study participants at base-
line, but improved significantly during the 
study. Verhoef and colleagues investigated 

FIGURE 13.3. Change in cravings is illustrated for (A) carbohydrates, (B) sweets, (C) fast-food fats, 
and (D) high fats by group (low-carbohydrate diet [LCD] and low-fat diet [LFD]). Asterisks indicate the 
time points at which significant differences were found between groups with post-hoc tests (*p < .05, 
**p < .01, ***p < .0001). From Martin et al. (2011).
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sleep duration during a 2-month weight loss 
diet and 10-month weight maintenance peri-
od in 98 men and women (Verhoef, Camps, 
Gonissen, Westerterp, & Westerterp-Plant-
enga, 2013). They observed improvements 
in sleep duration at the end of the study. 
Turning again to CALERIE 2, Martin et al. 
(2016) observed worsened sleep duration in 
the ad libitum control group compared to 
the calorie restriction group at 12 months. 
At the end of the study, participants in the 
calorie restriction group reported improve-
ments in overall sleep quality.

Taken together, these few studies do not 
paint a complete picture of how weight loss 
influences sleep. In their review of studies 
investigating sleep duration and obesity, 
Marshall, Glozier, and Grunstein (2008) 
concluded that more research was needed to 
further explicate the role of sleep duration 
as a risk factor for obesity. Undoubtedly, 
the same is true for the relationship between 
weight loss and sleep quality: More research 
is needed to further elucidate this associa-
tion.

Weight Cycling

Weight regain is common following weight 
loss, and “weight cycling” may have poten-
tial consequences for psychosocial function-
ing and quality of life. Engel et al. (2003) 
examined 122 women and men who were 
overweight or obese and had lost 5% or 
more initial weight in a structured program, 
and who then regained at least 5% during a 
follow-up period. They found that weight cy-
cling produced a “mirror image” in HRQoL, 
measured with the Impact of Weight on 
Quality of Life—Lite (Kolotkin, Crosby, 
Kosloski, & Williams, 2001). The degree of 
improvement observed in the HRQoL with 
weight loss was equivalent to the degree of 
decline in the HRQoL that occurred with 
weight regain, with patients returning to 
their baseline values. Alternatively, Yankura 
et al. (2008) examined how weight regain 
after weight loss influenced responses on 
the HRQoL in 508 postmenopausal women 
with overweight and obesity who had lost 
at least 5 pounds (2.3 kg) during a weight 
loss RCT. They found that women who re-

gained weight did not report any significant 
changes in mental health (Rand 36-Item 
Short Form [SF-36]: Mental Health compos-
ite scale; Ware, Kosinski, & Gandek, 2002) 
and actually reported improvements in so-
cial functioning (Social Functioning sub-
scale of SF-36). Given the increasing preva-
lence of weight cycling (Montani, Schutz, & 
Dulloo, 2015), continued research is needed 
to understand the effects of weight loss and 
subsequent regain on psychological status 
and cognitive function.

Summary and Conclusions

In this chapter, we reviewed the litera-
ture concerning the effect of weight loss 
on changes in a wide range of quality-of-
life indicators, including psychosocial and 
cognitive status. Our review highlights a 
number of important findings in the litera-
ture. Regarding the effect of weight loss on 
mood, individuals with greater body weight 
and higher baseline depression levels expe-
rienced the greatest improvements in mood 
with weight loss. Studies have also detected 
improved mood even in individuals who are 
normal weight to mildly overweight and 
have very low levels of baseline mood dis-
turbance. Improvements in mood last over 
the long term (i.e., 2 years), as seen in the 
Look AHEAD and Diabetes Prevention Pro-
gram studies. Although early concerns ex-
isted about weight loss negatively affecting 
various facets of cognitive function, there 
is no current evidence of decrements, even 
when calorie restriction is documented, with 
some improvements reported in the research 
literature. Poor sexual function and excess 
weight are associated; however, recent stud-
ies have shown that weight loss improves 
sexual function in men and women with 
and without obesity-related conditions (e.g., 
diabetes).

Research findings indicate that eating dis-
order symptoms actually decrease with calo-
rie restriction and weight loss, although in a 
small percent of adolescent females, drastic 
weight loss efforts (i.e., fasting) are associ-
ated with eating disorder symptomology. As 
expected, body image improves with weight 
loss. Surprisingly, there is no evidence of 
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increases in hunger with weight loss, es-
pecially in studies that use control groups. 
During very-low-calorie diets, shake and 
meal replacement programs dramatically re-
duce appetite, despite limited energy intake 
and rapid weight loss. This finding suggests 
that restricting foods decreases cravings and 
preferences for those foods, which is good 
news for dieters. Although weight loss is a 
primary target for treating overweight and 
obesity, avoiding weight regain is also impor-
tant to ensure the maintenance of psychoso-
cial benefits. This point is demonstrated by 
research revealing a “mirror image” in rela-
tion to weight loss and HRQoL benefits and 
subsequent weight regain and deterioration 
in HRQoL. Furthermore, this research and 
other RCTs support the causality of weight 
loss in improving HRQoL, although not all 
of the research has found that HRQoL wors-
ens with weight regain.

Whereas understanding that weight loss 
induces significant physiological improve-
ments, it is also important for researchers 
and practitioners to fully grasp the range of 
physical and psychological outcomes result-
ing from weight loss, including psychosocial 
status, cognitive function, and quality of life. 
Our review found that positive psychosocial 
and cognitive benefits accrued with weight 
loss, and these conclusions are similar to 
those reached by other researchers (e.g., 

Lasikiewicz, Myrissa, Hoyland, & Lawton, 
2014). However, our review also points to a 
number of directions for future research that 
are worthy of further examination in order 
to better elucidate the complexities underly-
ing how weight loss affects nonphysiologi-
cal outcomes. These directions for future 
research are outlined in Table 13.1.
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The health consequences of obesity are far-
reaching, adversely influencing multiple 
organ systems and contributing significantly 
to the increase in morbidity that people ex-
perience as they age across the lifespan. This 
chapter focuses on an equally important, yet 
often ignored, consequence of obesity: its ef-
fect on quality of life and physical function. 
Because depression is such a central feature 
of mental health and quality of life, we also 
include data from the Beck Depression In-
ventory–II (BDI-II; Beck, Ward, Mendelson, 
Mock, & Erbaugh, 1961) under the umbrel-
la of health-related quality of life (HRQoL).

In the first section of this chapter, we re-
view evidence concerning the effects of in-
tensive lifestyle interventions (ILIs) involv-
ing caloric restriction and physical activity 
on HRQoL and physical functioning. There 
is benefit in considering these joint out-
comes, since, as our review demonstrates, 
obesity has a stronger effect on facets of 
HRQoL that involve physical as opposed 
to mental health. Whereas HRQoL assess-
es self-reported limitations in physical and 
mental health, physical functioning encom-
passes objective measures of physical capaci-
ties, such as strength and walking tests that 

assess mobility. In the second section of this 
chapter, we explore several issues that are 
important to consider for a complete under-
standing of how obesity and ILIs may be re-
lated to HRQoL, physical functioning, and 
potential mediators of change.

While HRQoL and physical functioning 
are obviously important at the individual 
level, it is well known that they also place a 
burden on the health care system and even-
tually on society at-large. For example, the 
self-reported inability to walk one-fourth of 
a mile or to climb stairs is a major risk fac-
tor for both assisted living and nursing home 
care. Moreover, with the “Graying of Amer-
ica,” these outcomes will become increasing-
ly important due their burden on Medicare.

Consistent with the SF-36 Physical and 
Mental Component Summary subscales of 
the Medical Outcome Study 36-Item Short-
Form Health Survey (SF-36; Ware, Kosinski, 
& Keller, 1994), a generic index of HRQoL, 
we embrace the view that HRQoL consists 
of two broad dimensions: physical and men-
tal health. These two dimensions are cap-
tured by eight subscales of the SF-36 that as-
sess limitations in (1) physical functioning, 
(2) role functioning that is dependent upon 
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physical health, (3) bodily pain, (4) energy 
and fatigue, (5) emotional well-being, (6) 
role functioning dependent upon emotional 
health, (7) social functioning, and (8) gen-
eral health perceptions. At the onset, it is 
worth mentioning that most studies simply 
report data on the composite dimensions of 
physical and mental health. Although we 
recognize that there are other measures of 
HRQoL, both generic and disease-specific 
in use in the field of behavioral medicine, 
we felt that there were insufficient data to 
integrate these findings with what is known 
from the SF-36. The SF-36 also has extensive 
psychometric support (Ware et al., 1994). As 
noted above, we do supplement data on the 
SF-36 with research on the BDI-II and objec-
tive measures of physical function.

Effects of ILIs on HRQoL 
and Physical Functioning

In a 2005 review, Maciejewski, Patrick, and 
Williamson concluded that weight loss was 
not associated with improved HRQoL. Since 
that publication, several reviews have modi-
fied this broad, sweeping conclusion, noting 
that ILIs have positive effects on some com-
ponents of HRQoL but not others (Lasikie-
wicz, Myrissa, Hoyland, & Lawton, 2014; 
Williamson & Rejeski, 2014). In particular, 
Williamson and Rejeski (2014) concluded 
that ILIs generally improve HRQoL related 
to physical health but have less robust ef-
fects on mental health. All of these reviews 
focused on face-to-face clinic-based deliv-
ery of ILIs. We note that Raaijmakers and 
colleagues, after reviewing the technology-
based delivery of weight loss interventions, 
concluded that e-health programs do not 
significantly improve HRQoL (Raaijmakers, 
Pouwels, Berghuis, & Nienhuijs, 2015).

General Findings on the Effects of ILIs 
on HRQoL
Table 14.1 summarizes the results of 13 
studies that were selected to represent the ef-
fects of different types of ILIs on HRQoL 
for a diverse set of adults from a variety of 
countries. Of these studies, 11 were ran-
domized controlled trials (RCTs), one was 
a 2-year observational study (Kaukua, Pe-

kkarinen, Sane, & Mustajoki, 2003), and 
another was a posttreatment cross-sectional 
study of adults who lost weight, were weight 
stable, or gained weight (Yankura et al., 
2008). Most studies were conducted in the 
United States, but three were from Europe; 
10 of 13 included follow-up periods lasting 
at least 1 year, with 7 of 13 lasting 2 years 
or more. Retention was high, ranging from 
47% (Pekkarinen, Kaukua, & Mustajoki, 
2015) to 99% (Marrero et al., 2014), with 
11 of the 13 studies reporting levels above 
75%. Thus, most studies used RCT method-
ology, had good retention, and were of suf-
ficient length to allow adequate tests of the 
long-term effects of weight loss and weight 
regain on HRQoL.

Figure 14.1 displays the 1-year effects on 
the Physical Component Summary (PCS) 
and Mental Component Summary (MCS) 
subscales of the SF-36 for the Look AHEAD 
trial (Williamson et al., 2009). As compared 
to a diabetes support and education (DSE) 
control group, the PCS of the SF-36 of the 
ILI improved, but the MCS remained un-
changed. This same result was observed in 
four of the other 13 studies that included 
the SF-36 as a measure of HRQoL (Marrero 
et al., 2014; Rejeski et al., 2002; Rubin et 
al., 2014; Villareal et al., 2011). Two addi-
tional studies reported improvement after 
ILI treatment on both the PCS and MCS 
(Kaukua et al., 2003; Yancey et al., 2009). 
One study (Blissmer et al., 2006) report-
ed the opposite pattern of results: That is, 
MCS but not PCS scores were improved at a 
2-year follow-up, although both scores were 
improved after 6 months of ILI. Two studies 
reported no beneficial effects of ILI on either 
scale of the SF-36, but as noted later in this 
chapter, both of these studies tested ILIs that 
were relatively brief in duration (Pekkarinen 
et al., 2015; van Gemert et al., 2015). Thus, 
a preponderance of evidence suggests that 
HRQoL improves after at least 1 year of an 
ILI and that this improvement is most nota-
ble for the PCS. Furthermore, Rejeski et al. 
(2015), focusing on a subset of items from 
the PCS that target mobility, showed that 
the ILI in Look AHEAD resulted in statisti-
cally significant differences between the ILI 
and DSE throughout the first 8 years of the 
study and that the effects were strongest for 
older participants (Figure 14.2).
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TABLE 14.1. Effects of ILIs on Weight Loss and Maintenance per SF‑36 HRQoL

Author; 
country Sample Design Primary results related to SF-36

Blissmer et 
al. (2006); 
USA

144 adults; 78% 
women; mean 
age = 50; mean 
BMI = 32.5

2-year RCT testing two weight 
maintenance approaches; all partici-
pants were part of a 6-month weight 
loss ILI and were then random-
ized to two follow-up arms. SF-36 
was administered at 6, 12, and 24 
months.

Retention = 63%. At 6 months 
improvement for Physical Compo-
nent Summary (PCS) and Mental 
Component Summary (MCS) 
observed. During follow-up, the two 
arms did not differ and the improved 
MCS was maintained, but PCS 
worsened to baseline levels.

Kaukua, 
Pekkarinen, 
Sane, & 
Mustajoki 
(2003); 
Finland

126 adults; 61% 
women; mean 
age = 48.2; mean 
BMI = 42.8

2-year observational weight loss 
and weight maintenance/regain 
study; ILI involved 4-month lifestyle 
modification program that included 
a 10-week VLCD; participants were 
followed for 2 years.

Retention = 79%. After 4-month 
ILI, all subscales of the SF-36 were 
improved. However, at 2-year 
follow-up, most participants had 
regained weight lost and only the 
physical functioning subscale was 
improved relative to baseline.

Marrero et 
al. (2014); 
USA

3,234 adults; 
68% women; 
mean age = 50.6; 
mean BMI = 34

6-year RCT; follow-up study of the 
DPP; participants were randomized 
to three arms: ILI, metformin, or 
placebo. SF-36 was used to measure 
HRQoL.

Retention = 99%. At the end of 
one year, ILI was associated with 
improved PCS scores, but this 
improvement gradually diminished 
over 6 years. No difference between 
arms was observed for MCS.

Martin, 
Church, 
Thompson, 
Earnest, & 
Blair (2009); 
USA

464 sedentary 
postmenopausal 
women; mean 
age = 57.4; mean 
BMI = 31.8

6-month RCT; participants were 
randomized to four arms: control 
and three levels of physical activity: 
4 kcal/kg/week, 8 kcal/kg/week, 12 
kcal/kg/week. SF-36 subscales were 
used to measure HRQoL.

Retention = 93%. A dose–response 
relationship existed between physi-
cal activity and all subscales of the 
SF-36. Weight loss was unrelated to 
improved scores on the SF-36.

Martin et al. 
(2016); USA

220 adults; 69% 
women; mean 
age = 37.9; mean 
BMI = 25.1

2-year RCT; participants were 
randomized to two arms: calorie 
restriction (ILI) or ad libitum eating 
(control). Subscales of the SF-36 and 
the BDI-II were used to measure 
HRQoL. HRQoL measures were 
administered at 12-month intervals.

Retention = 85%. ILI was associated 
with lower BDI scores and higher 
general health scores in comparison 
to the control group. The arms did 
not differ on any other measures of 
HRQoL.

Pekkarinen, 
Kaukua, & 
Mustajoki 
(2015); 
Finland

201 adults; 71% 
women; mean 
age = 47; mean 
BMI = 42

2-year RCT; participants were 
randomized to two arms: 17-week 
ILI with a 1-year maintenance (12 
sessions) or 17-week ILI with no 
maintenance program. HRQoL was 
measured using the SF-36 1 and 2 
years following the ILI treatment.

Retention = 47%. Treatment arms 
did not differ for any subscales of 
the SF-36 at the end of 2-year fol-
low-up. Improved HRQoL observed 
after ILI deteriorated over the 2-year 
follow-up. Most weight loss was 
regained over the 2-year follow-up.

Rejeski et al. 
(2002); USA

316 older adults 
with knee OA; 
78% women; 
mean age = 68.5; 
mean BMI = 
34.5

18-month RCT; participants were 
randomized to four arms: control 
(C), weight loss only (WL), exercise 
only (E), and weight loss plus exer-
cise (WL + E).

Retention = 80%. Across the 18 
months, only the WL + E differed 
from C on PCS. The other two arms 
(WL and E) showed improved PSC 
that was intermediate. No differ-
ences for MCS were observed.

(continued)
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TABLE 4.1. (continued)

Author; 
country Sample Design Primary results related to SF-36

Rubin et al. 
(2014); USA

5,145 adults 
diagnosed with 
type 2 diabetes; 
60% women; 
mean age = 58.7; 
mean BMI = 36

10-year RCT; 10-year follow-up for 
the Look AHEAD study; par-
ticipants were randomized to ILI or 
DSE control arm and followed for 10 
years. ILI included periodic booster 
sessions throughout the 10 years. 
SF-36 and BDI-II were used to mea-
sure HRQoL at yearly intervals.

Retention = 97%. The ILI had 
higher scores on PCS for the first 
8 years. PCS scores for both arms 
deteriorated over the 10-year period. 
Differences for the MCS were not 
observed at any measurement point. 
The incidence of elevated (≥ 10) 
scores on the BDI-II was reduced for 
8 years of ILI in comparison to DSE.

van Gemert 
et al. 
(2015); The 
Netherlands

243 women; 
mean age = 60; 
mean BMI = 29

16-week RCT; participants were 
randomized to three arms: diet, exer-
cise, or control. The SF-36 was used 
to measure HRQoL at baseline and 
at the end of the study (16 weeks).

Retention = 89%. Treatment arms 
did not differ on PCS, MCS, or any 
subscale of the SF-36.

Villareal et 
al. (2011); 
USA

93 obese, 
prefrail older 
adults; mean age 
= 69; mean BMI 
= 37.3

1-year RCT; participants were ran-
domized to four arms: control (C), 
weight loss (WL), exercise (E), WL 
+ E. The SF-36 assessed HRQoL at 
baseline, 6 months, and 1 year.

Retention = 87%. At 1-year follow-
up, scores for PCS improved for 
the three treatment arms (WL, E, 
and WL + E) in comparison to the 
control arm.

Williamson 
et al. (2009); 
USA

5,145 men and 
women with 
diabetes; 60% 
women; mean 
age = 58.7; mean 
BMI 36

1-year RCT; first year of the Look 
AHEAD study. Participants were 
randomized to ILI for weight loss 
or DSE; SF-36 and BDI-II assessed 
at baseline and 1 year. This study 
reported on HRQoL results after the 
first year of the Look AHEAD study.

Retention = 97%. ILI improved more 
across 1 year than DSE on SF-36 
PCS and BDI-II; greatest improve-
ment for PCS seen in those with 
the lowest PCS scores at baseline; 
reduced weight, improved fitness, 
and improved physical symptoms 
mediated treatment effects for both 
PCS and BDI-II at 1 year.

Yankura et 
al. (2008); 
USA

248 
postmenopausal 
women who lost 
≥ 5 lbs. in first 
6 months of 
treatment; mean 
age = ~ 57; mean 
BMI = ~31

Report from the WOMAN study, 
restricted to women who initially 
lost weight in 6-month ILI. Based on 
weight change status from 6 to 18 
months, participants were divided 
into three groups: weight loss ≥ 5 lbs 
(21%); weight stable < ± 5 lbs (51%); 
weight regain > 5 lb gain (28%).

Retention = 100% (post-hoc 
analysis). Groups based on WL vs. 
weight stable vs. WR did not differ 
at 18-month follow-up on PCS or 
MCS. The only SF-36 scale that dif-
fered across groups was the Vitality 
subscale.

Yancy et al. 
(2009); USA

119 adults; 76% 
women; mean 
age = 45; mean 
BMI = 34

24-week RCT; participants were 
randomized to LCKD or LFD; both 
arms were instructed to exercise 30 
minutes at least 3x/week; HRQoL 
was measured using the SF-36 every 
4 weeks for 24 weeks.

At 24 weeks, physical function, 
role physical health, general health, 
vitality, social functioning, and 
PCS improved in both groups; body 
pain improved in LFD only. Role 
emotional health, mental health, and 
MCS improved in LCKD only; MCS 
improved in LCKD improved more 
than in LFD.

Note. BDI-II, Beck Depression Inventory–II; BMI, body mass index; C, control; DPP, Diabetes Prevention Program; DSE, dia-
betes support and education; E, exercise only; HRQoL, health-related quality of life; ILI, intensive lifestyle intervention; LCKD, 
low-carbohydrate ketogenic diet; LFD, low-fat diet; MCS, mental health component score; OA, osteoarthritis; PCS, physical 
health component score; RCT, randomized controlled trial; VLCD, very-low-calorie diet; WL, weight loss only; WL + E, weight 
loss plus exercise.
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FIGURE 14.1. Changes in measures of HRQoL as a function of treatment arm (ILI vs. diabetes support 
and education [DSE]). This figure depicts the changes for the physical health component score (PCS), 
mental health component score (MCS), and Beck Depression Inventory–II (BDI-II) score. Error bars 
reflect 99% confidence intervals. Adapted with permission from Williamson, Rejeski, Lang, Van Dor-
sten, Fabricatore, and Toledo (2009). Impact of a weight management program on health-related qual-
ity of life in overweight adults with type 2 diabetes. Archives of Internal Medicine, 169(2), 163–171. 
Copyright © 2009 the American Medical Association. All rights reserved.

FIGURE 14.2. Plot of the SF-36 physical functioning subscale by treatment group for younger and 
older participants across 8 years of the Look AHEAD study. From Rejeski, Bray, Chen, Clark, Evans, 
Hill, et al. (2015). Aging and physical function in type 2 diabetes: 8 years of an intensive lifestyle inter-
vention. Journals of Gerontology Series A: Biological Sciences and Medical Sciences, 70(3), 343–353. 
Reprinted by permission of Oxford University Press.
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Effects on Depression
In addition to 1-year results from Look 
AHEAD on the SF-36, Figure 14.1 also pro-
vides data on BDI-II scores (Williamson et 
al., 2009). Of considerable importance is the 
fact that most overweight/obese people are 
not depressed and have quite low scores on 
the BDI-II. Thus, the modest yet statistically 
significant reductions in BDI scores in the 
ILI arm are impressive in the context of a 
potential floor effect. The most clinically im-
portant effect of ILIs is the beneficial effect 
in persons with mild or greater symptoms 
of depression (i.e., BDI score ≥ 10). During 
the first 4 years of the Look AHEAD trial, 
BDI scores fell by 5 or more points in ILI 
participants who began the study with mild 
or more intense symptoms of depression. In 
addition, in participants who were not de-
pressed at baseline, the ILI, compared with 
the DSE, reduced the risk of new cases of 
depression by 15% over the approximately 
10 years of intervention.

The Independent Effects of Caloric 
Restriction or Exercise on HRQoL
As evident from the studies reviewed in 
Table 14.1, most ILIs have included compo-
nents that address both caloric restriction 
and exercise training. However, several tri-
als have examined the independent effects 
of either caloric restriction or exercise on 
HRQoL. The CALERIE Phase 2 study (Ra-
vussin et al., 2015) was an RCT that com-
pared 2 years of caloric restriction, without 
an exercise program, to an ad libitum eating 
control group. Participants in the study were 
not obese and were relatively healthy young 
adults with an average body mass index 
(BMI) of 25 kg/m2. A publication from this 
trial by Martin et al. (2016) reported that 
caloric restriction had no significant adverse 
effects on HRQoL when compared to the 
control group and led to improved scores 
on the General Health scale of the SF-36, as 
well as on the BDI-II. Villareal et al. (2011) 
also reported that a weight loss program 
without an exercise component was associ-
ated with improved PCS scores in compari-
son to a control group. Thus, based on this 
limited evidence, it appears that the caloric 
restriction component of ILIs can lead to 

some improvement in HRQoL, albeit not as 
great as that reported when caloric restric-
tion is combined with exercise.

How about exercise? Perhaps the most 
comprehensive study to address whether 
exercise affects HRQoL was conducted by 
Martin, Church, Thompson, Earnest, and 
Blair (2009). In this study, three levels of 
exercise training (4 kcal/kg/week, 8 kcal/
kg/week, and 12 kcal/kg/week) were com-
pared to a control group. HRQoL was as-
sessed using the eight subscales of the SF-36. 
The overall pattern of results suggested an 
exercise dose–response relationship, with 
increased exercise associated with stepwise 
improvement in HRQoL. Secondary analy-
ses found that this dose–response relation-
ship of exercise level on HRQoL was not 
related to change in weight. Two other stud-
ies tested the independent and combined ef-
fects of caloric restriction and exercise on 
HRQoL. In a study of older adults with 
knee osteoarthritis, Rejeski et al. (2002) ex-
amined the effects of exercise only, weight 
loss only, the combination of exercise and 
weight loss, and a health education control 
group on HRQoL. They found that only the 
combination of weight loss and exercise dif-
fered from the control group, with effects 
observed on the PCS but not the MCS. The 
previously discussed study by Villareal et al. 
(2011), also of older adults, reported that all 
three active treatment arms—weight loss, 
exercise, and the combination of weight loss 
and exercise—improved PCS scores when 
compared to a control group. Given the small 
number of studies, it is difficult to draw firm 
conclusions about the effects of exercise on 
HRQoL. Clearly, exercise combined with 
caloric restriction has positive effects on the 
physical domain of HRQoL. At least one 
study (Martin et al., 2009) suggests that the 
independent effects of intense exercise may 
be sufficient to improve HRQoL.

Moderators of the Effects of ILIs on HRQoL
Sex does not appear to moderate the effects 
of ILIs on HRQoL (Rejeski et al., 2002; 
Williamson et al., 2009). However, as noted 
earlier, Rejeski et al. (2015) found that older 
participants in Look AHEAD derived more 
benefit in self-reported physical functioning 
from the ILI than did younger participants. 
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This effect is likely due to the fact that the 
older adults were more compromised to 
begin with, making change in physical func-
tioning highly salient. In addition, duration 
of treatment appears to be an important 
consideration, since the two studies that 
reported no significant effects of ILIs on 
HRQoL (van Gemert et al., 2015; Pekkar-

inen et al., 2015) were relatively brief (16–17 
weeks). Two large scale RCTs, the Diabe-
tes Prevention Program (DPP; Marrero et 
al., 2014) and Look AHEAD (Rubin et al., 
2014), included ILIs during the first year of 
treatment, coupled with intensive weight loss 
maintenance programs. Figure 14.3 depicts 
the effects of the DPP ILI on three aspects 

FIGURE 14.3. Left: Average treatment-specific HRQoL scores over the Diabetes Prevention Program 
(DPP) follow-up among diabetes-free participants. Right: Predicted average treatment-specific HRQoL 
scores postdiabetes. MCS, Mental Component Summary; PCS, Physical Component Summary. From 
Marrero, Pan, Barrett-Connor, de Groot, Zhang, Percy, et al. (2014). Impact of diagnosis of diabetes 
on health-related quality of life among high risk individuals: The Diabetes Prevention Program out-
comes study. Quality of Life Research, 23(1), 75–88. Reprinted with permission of Springer.
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of HRQoL. Examination of panel C reveals 
the immediate positive impact of ILI on the 
PCS, a benefit that persisted for at least 3 
years. Figure 14.4 illustrates the impact of 
the Look AHEAD ILI on the PCS and MCS 
of the SF-36. Whereas initial differences on 
the PCS between the ILI and DSE deterio-
rated over the course of the 10-year study, 
ILI had a statistically significant benefit on 
PCS scores, as compared to DSE, through 
the first 8 years of treatment. In contrast, ILI 
was not different from DSE on MCS scores.

Effects of ILIs on Physical Functioning
An increasing number of studies involving 
ILIs for weight loss have chosen to employ 
objective measures of physical function as 
study outcomes. Of those reviewed, the larg-
est have been the Arthritis, Diet, and Activ-
ity Promotion Trial (ADAPT; Messier et al., 
2004), the Cooperative Lifestyle Interven-
tion Program (CLIP; Rejeski et al., 2011), 
and a study conducted on an older frail 
population (Villareal et al., 2011). ADAPT 
was an 18-month RCT involving 316 older 
adults who had documented evidence of 
disability and BMI ≥ 28 kg/m2. They were 
randomized to one of four groups: exercise 
only, diet only, diet plus exercise, or a con-
trol group. The objective measures of physi-
cal function included the 6-minute walk and 
stair climbing tests. The exercise-only and 
combined-treatment groups experienced sig-
nificant improvement in their 6-minute walk 
time across the 18 months of the study; how-
ever, the combined group had the greatest 
improvement in stair-climbing performance 
(Messier et al., 2004). This pattern in the 
data suggests that the benefits of weight loss 
on physical disability are most likely to ap-
pear on tasks that require moving the center 
of gravity in a vertical direction as occurs 
when climbing stairs or walking up a hill.

CLIP was an 18-month RCT involving 
288 men and women who were overweight 
or obese and had either cardiovascular dis-
ease or the metabolic syndrome. Participants 
were assigned to one of three treatment 
groups: (1) successful aging, (2) physical ac-
tivity (PA) only, or (3) weight loss plus PA 
with the primary outcome consisting of time 
to complete a 400-meter fast walk. The suc-
cessful aging intervention was designed as 

FIGURE 14.4. (A) Mean PCS scores over 10 
years by treatment arm. The sample size for 
diabetes support and education (DSE) appears 
above the sample size for the intensive lifestyle 
intervention (ILI). Asterisks indicate significant 
differences between groups (p < .005). (B) Mean 
mental health component scores (MCS) over 
10 years by treatment arm. The sample size for 
DSE appears above the sample size for ILI. From 
Rubin, Wadden, Bahnson, Blackburn, Brancati, 
Bray, et al. (2014). Impact of intensive lifestyle in-
tervention on depression and health-related qual-
ity of life in type 2 diabetes: The Look AHEAD 
Trial. Diabetes Care, 37(6), 1544–1553. Copy-
right and all rights reserved. Material from this 
publication has been used with the permission of 
the American Diabetes Association.

A

B
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an attention control condition that involved 
group education on health topics relevant to 
aging, whereas the physical activity interven-
tion involved a moderate intensity walking 
program with a target activity level of ≥ 150 
minutes/week. As shown in Figure 14.5, the 
combined condition produced improved and 
sustained changes in the 400-meter walk 
time over the 18 months of the study. Also of 
note was the finding that participants who 
had the poorest function at baseline benefit-
ed the most from the combined treatment.

The study conducted by Villareal et al. 
(2011) was a 1-year RCT of 107 obese, older 
adults who had mild to moderate levels of 
frailty at baseline. Participants were ran-
domized to one of four treatment conditions: 
(1) a general education control group that 
met monthly, (2) an exercise only group, (3) a 
weight loss only group, or (4) an exercise plus 
weight loss group. The primary outcome 
was a composite score from a multicompo-
nent physical performance test that included 
walking, two stair-climbing tasks, two fine 
motor tasks, rising from a chair, balance, 
and lifting a book. The three active interven-
tions led to improved physical performance, 
as compared to the control group. However, 
the combined treatment group had a superi-
or performance compared to any of the other 

treatment conditions: a 21% improvement 
over baseline. Participants in the weight loss 
only group improved 12%, and those in the 
exercise only group improved 15%. The con-
trol group participants increased their per-
formance over baseline by only 1%.

Two other small RCTs have replicated the 
benefits of a weight loss plus exercise inter-
vention on the functional health of obese 
older adults (Miller et al., 2006; Villareal, 
Banks, Sinacore, Siener, & Klein, 2006). In 
both of these studies, the exercise involved 
a combination of aerobic and resistance 
exercise. Miller et al. (2006) conducted a 
6-month study that was similar to ADAPT, 
with the exception that the weight loss goal 
was much more ambitious: a 10% as op-
posed to ~5% reduction in weight. The sec-
ond 6-month study by Villareal et al. (2006) 
compared diet plus exercise to a control 
group but employed physically frail, obese, 
older adults. In addition, the study by Villa-
real et al. employed high-intensity resistance 
training as part of the exercise intervention. 
These two investigations found that diet plus 
exercise produced significant improvements 
in performance-based measures of physical 
function.

Finally, Dunstan et al. (2002) and Frimel, 
Sinacore, and Villareal (2008) conducted 

FIGURE 14.5. Adjusted means of the change from baseline in 400-meter walk time, and 95% confi-
dence intervals by treatment condition (SA, successful aging; PA, physical activity; WL + PA, weight 
loss + physical activity). From Rejeski, Brubaker, Goff, Jr., Bearon, McClelland, Perri, et al. (2011). 
Translating weight loss and physical activity programs into the community to preserve mobility in 
older, obese adults in poor cardiovascular health. Archives of Internal Medicine, 171(10), 880–886. 
Copyright © 2011 the American Medical Association. All rights reserved.
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6-month investigations on the effect of high-
intensity resistance exercise in combination 
with dietary therapy on the strength and 
lean body mass of older adults. The study 
by Dunstan and colleagues studied patients 
with type 2 diabetes and a comparison 
group in a protocol that involved flexibility 
training combined with dietary weight loss, 
whereas Frimel and colleagues employed 
older adults who had mild-to-moderate 
frailty and a weight loss only comparison 
group. Dunstan et al. found that those in the 
resistance training arm had greater increas-
es in strength than those in the flexibility 
plus weight loss arm. In addition, lean body 
mass increased in the resistance training 
plus weight loss arm, whereas it decreased 
in the comparison group. Frimel et al. also 
found that the addition of exercise training 
to dietary therapy resulted in increases in 
strength relative to the dietary only arm and 
that resistance training attenuated losses 
in fat-free mass when compared to dietary 
weight loss only.

We note that of the above studies (Dun-
stan et al., 2002; Frimel et al., 2008; Miller 
et al., 2006; Villareal et al., 2006), the only 
one to report an increase of fat-free mass 
with weight loss was the investigation by 
Dunstan et al. (2002). A factor that may ac-
count for this result is that their daily weight 
training regimen was the most intense and 
lengthy of all four studies; participants exer-
cised for 45 minutes each session and did so 
at an intensity of ~80% of maximum.

Obesity, HRQoL, and Physical 
Functioning: Considerations 
Moving Forward

Data from the previously reviewed studies 
suggest that ILIs can mitigate the adverse 
effect of obesity on HRQoL, particularly 
on those roles or activities that are based 
on self-reported physical capacities, a find-
ing corroborated by research using objective 
markers of physical function. At this point, 
we examine several important questions 
and concerns that warrant attention when 
considering this literature, particularly as 
we look toward the future. First, the trials 
reviewed in this chapter have, for the most 
part, studied overweight or obese individu-

als as a group without any consideration 
of whether the effects of ILIs might differ 
for someone who is mildly overweight ver-
sus excessively obese. Interestingly, this has 
been a topic that has drawn increasing atten-
tion in the aging literature.

HRQoL and Physical Functioning: Does 
the Degree of Obesity Matter?
Jensen and colleagues have argued that BMI 
levels ≥ 35 kg/m2 constitute a risk for func-
tional decline with aging. For example, in 
a 3- to 4-year follow-up of older men and 
women, class 1 obesity was not a risk fac-
tor for an increased need of assistance in 
performing either basic activities of daily 
living or instrumental activities of daily liv-
ing, with odds ratios of 0.77 for men and 
0.82 for women. However, BMIs ≥ 35 kg/m2 
yielded risk ratios of 3.32 for men and 2.61 
for women (Jensen & Friedmann, 2002). In 
a more recent study, Jensen et al. (2006) re-
ported that class 2 obesity or higher (BMIs ≥ 
35 kg/m2), but not class 1 obesity, predicted 
older men and women, ages 65–97, becom-
ing homebound. Interestingly, Al Snih and 
colleagues reported that older adults with a 
BMI ≥ 30 kg/m2 were three times as likely to 
recover from disability in basic activities of 
daily living over a 2-year period than those 
with a BMI < 30 kg/m2, suggesting that 
class 1 obesity may provide some resilience 
to physical insults as people age (Al Snih, 
Markides, Ostir, Ray, & Goodwin, 2003).

We note that the BMI cutpoint that con-
stitutes an increased risk for physical dis-
ability in aging may depend on race. Mendes 
de Leon and colleagues found that for either 
self-reported or performance-related mea-
sures of mobility, the maximum predicted 
scores occurred at a higher level of BMI for 
blacks than whites (Mendes de Leon, Hans-
berry, Bienias, Morris, & Evans, 2006). 
We also note the obvious main effects for 
both race and sex in these data. In general, 
women experienced higher rates of disabil-
ity with aging than men (Friedmann, Elasy, 
& Jensen, 2001; Jenkins, 2004; Jensen & 
Friedmann, 2002; Reynolds, Saito, & Crim-
mins, 2005; Wray & Blaum, 2001), and 
blacks were at a greater risk for disability 
than whites (Clark, 1997; Kelley-Moore & 
Ferraro, 2004; Mendes de Leon, Barnes, Bi-
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enias, Skarupski, & Evans, 2005). Where-
as clinical research data are unclear as to 
whether class 1 obesity constitutes a risk for 
functional decline in geriatric medicine, the 
evidence clearly indicates that being over-
weight—having a BMI from 25–30 kg/m2—
is not a cause for concern; in fact, as suggest-
ed above, it could confer some protection 
against functional decline. We also note that 
obesity does not appear to constitute a risk 
for mortality among older adults (Al Snih 
et al., 2007). An informative analysis of 
large datasets such as Look AHEAD could 
reexamine treatment effects on HRQoL as 
a function of categories of obesity and also 
explore race and ethnicity as potential mod-
erating variables.

A related question is whether the effect of 
obesity on HRQoL and physical function 
is a linear phenomenon. Again, the most 
relevant data on this topic can be found in 
the aging literature, since there has been a 
steady increase in the number of prospective 
epidemiological studies that have addressed 
the relationship between body weight and 
the subsequent risk for physical disability 
as people age (Al Snih et al., 2007; Brach, 
Simonsick, Kritchevsky, Yaffe, & Newman, 
2004; Ferraro, Su, Gretebeck, Black, & 
Badylak, 2002; Fine et al., 1999; Houston, 
Stevens, & Cai, 2005; Jensen & Fried mann, 
2002; Jensen et al., 2006; Koster et al., 
2008; Koster et al., 2007; Launer, Harris, 
Rumpel, & Madans, 1994; Ohmori et al., 
2005; Stenholm et al., 2007; Visscher et al., 
2004). While some studies have reported a 
linear association between BMI and disabil-
ity (Houston et al., 2005; Sharkey, Branch, 
 Giuliani, Zohoori, & Haines, 2004), a 
number of studies had adequate sampling 
to examine the BMI–disability relationship 
across the entire spectrum of BMI, from 
underweight (BMI < 18 kg/m2) to morbid 
obesity (BMI ≥ 40 kg/m2) (Al Snih et al., 
2007; Mendes de Leon et al., 2006). Figure 
14.6 displays data presented by Al Snih et 
al. (2007) for older adults who were free of 
disability at baseline. Panel B provides data 
on mortality. Across a 7-year follow-up peri-
od, the relationship between body weight as 
assessed by BMI and subsequent disability 
in activities of daily living was curvilinear, 
with the lowest risk at a BMI of 24 kg/m2. 
This effect held true in an adjusted model 

(model 2), in an adjusted model controlling 
for baseline comorbidities (model 1), and in 
a model that adjusted for comorbidities and 
also excluded current smokers or those who 
died during the first 2 years of follow-up 
(model 3). In fact, these authors found that 
the most favorable hazard’s ratio for disabil-
ity-free life expectancy was among partici-
pants with a BMI of 25 kg/m2 to less than 30 
kg/m2 (i.e., overweight). This finding is con-
sistent with earlier studies that reported that 
the extremes of the BMI distribution in older 
adult populations are associated with high-
er disability (Ferraro & Booth, 1999; Fer-
raro et al., 2002; Galanos, Pieper, Cornoni-
Huntley, Bales, & Fillenbaum, 1994; Launer 
et al., 1994). As Rejeski and colleagues have 
shown in a large prospective trial of older 
adults with knee pain, people with BMIs of 
≥ 35 kg/m2 have an increased probability of 
transitioning to more severe states of physi-
cal disability over time and are less likely to 
recover from severe states of physical dis-
ability, such as functional decline follow-
ing a period of hospitalization (Rejeski, Ip, 
Marsh, Zhang, & Miller, 2008).

The Influence of Fitness and Physical 
Activity on Obesity and Functional Decline
An important question when examining the 
relationship between obesity and functional 
decline in the presence of excessive weight 
is the role played by physical fitness and 
physical activity. In other words, is the nega-
tive effect of obesity on functional decline 
in aging buffered by strength, cardiovascu-
lar fitness, and/or level of physical activity? 
There is both indirect and direct evidence 
to suggest that being fit when one is fat is 
beneficial. Stenholm et al. (2007), in a 22-
year longitudinal study of a Finnish popu-
lation of predominately middle-age adults, 
examined the combined effects of BMI and 
fitness—grip strength, a performance mea-
sure of squatting, and self-reported difficul-
ty running 500 meters—on walking speed 
over a 6.1 meter course 22 years later. The 
age- and sex-adjusted risk of walking limita-
tion among those at baseline who were in 
the highest tertile of BMI and had two or 
more fitness impairments was 6.4 times that 
of participants who were neither overweight 
nor had evidence of a fitness-related impair-
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FIGURE 14.6. Hazard ratios predicting disability in ADLs (A) and mortality (B) during 7 years of 
follow-up as a function of BMI, calculated as weight in kilograms divided by height in meters squared, 
among nondisabled older Americans at baseline. Values are given as mean (95% confidence interval). 
Model 1 was adjusted for baseline comorbidity, model 2 was not adjusted for comorbidity, and model 
3 excluded current smokers and subjects who died during the first 2 years of follow-up and controlled 
for comorbidity. From Al Snih, Ottenbacher, Markides, Kuo, Eschbach, and Goodwin (2007). The 
effect of obesity on disability vs. mortality in older Americans. Archives of Internal Medicine, 167(8), 
774–780. Copyright © 2007 the American Medical Association. All rights reserved.
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ment. The BMI cutpoint for the third tertile 
was 26.5 kg/m2 for men and 26.1 kg/m2 for 
women. The risk was attenuated some when 
adjusting for socioeconomic position, co-
morbidities, and lifestyle behaviors, yielding 
an odds ratio of 4.4. Thus, whereas being 
overweight does appear to afford some 
protection against disability among older 
adults, these data suggest that being over-
weight at middle age may be a risk factor for 
disability in late life.

McDermott et al. (2006) followed older 
patients (mean age ~72) with peripheral ar-
tery disease for a period of 48 months and 
examined the relationship between obesity 
and performance measures of functional 
decline. In fully adjusted models that con-
trolled for demographic and comorbid con-
ditions, they observed that, compared to 
a reference group with BMIs between 20 
and 25 kg/m2, those with a BMI > 30 kg/
m2 had significantly greater average declines 
in 6-minute walk performance, usual-paced 
4-meter walking velocity, and the fast-paced 
4-meter walking velocity (~0.03 m/sec). Of 
particular interest in their study was the 
interaction effect for associations between 
weight change, exercise, and declines in 
6-minute walking performance. Relevant to 
the topic of this section was the finding that 
regular exercise buffered the negative effects 
that a ≥ 5 to < 10 pounds (4.5 kg) annual 
weight gain had on decrements in the 6-min-
ute walking performance. However, exercise 
did not buffer weight gain when it was in 
excess of 10 pounds (4.5 kg). Related to this 
work is a 14-year follow-up of 171 women 
who had participated in a physical activity 
trial (Brach et al., 2004). At the final assess-
ment in 1999, women who had reported > 
1,000 kcal of physical activity each week in 
1982, 1985, and 1995, and who had a BMI 
< 25 kg/m2 at each of these time points, re-
ported less difficulty with activities of daily 
living (ADLs) and had a faster gait speed 
than those who were either inactive or who 
had been overweight or obese at any of the 
assessments. Women who were never active 
and were overweight or obese had the great-
est disability in both ADLs and gait speed. 
This effect was tempered in overweight and 
obese women who were physically active.

Lang, Guralnik, and Melzer (2007) re-
ported that although excess body weight, 

assessed by BMI, was a risk factor for im-
paired physical function, physical activity 
was protective across all categories of BMI. 
Similarly, Bruce, Fries, and Hubert (2008) 
reported that being physically active was 
protective against disability, largely inde-
pendent of BMI. Finally, Koster et al. (2008) 
reported on the joint effects of adiposity and 
self-reported physical activity on incident 
mobility disability among older adults in 
the Health, Aging, and Body Composition 
(ABC) study. During two consecutive semi-
annual visits over 6.5 years, they measured 
mobility disability as self-reported difficulty 
walking one-quarter of a mile or climbing 
10 steps. Level of physical activity, assessed 
at baseline, was split into quartiles based on 
energy expended in all types of work and 
exercise, using a 7-day recall instrument. 
The high-activity group was represented by 
the fourth quartile, whereas the low-activity 
group consisted of those in the first quartile. 
The moderate-activity group was represent-
ed by those in the second and third quar-
tiles. With the exception of black women, 
high levels of physical activity offset the neg-
ative effect that obesity (BMI > 30 kg/m2) 
had on mobility disability. In general, this 
was not the case for moderate or low levels 
of physical activity. However, the authors 
have emphasized that physical activity and 
other positive health behaviors (e.g., being 
a nonsmoker and consuming a high-quality 
diet) do not overcome the detrimental effect 
that obesity has on physical functioning at 
an advanced age (Koster et al., 2007).

Mediating Variables
Within the context of RCTs related to ILIs, 
it is logical to hypothesize that improve-
ments in HRQoL and depression associated 
with ILIs for weight loss are mediated by 
reduced body weight. Oddly, however, there 
is a lack of evidence supporting this hypoth-
esis. Correlational data offer support for the 
notion that improved HRQoL is related to 
weight loss (Kaukua et al., 2003), but the 
only direct test of weight loss as a mediator 
of change in HRQoL has been provided by 
Williamson et al. (2009). Based on analyses 
from the Look AHEAD study, they reported 
that reduced weight, in addition to improved 
fitness and reduced physical symptoms, me-
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diated improved PCS and BDI-II scores. 
Thus, although weight loss appears to pro-
vide a partial explanation for why ILIs have 
a positive effect on HRQoL, clearly there 
are other important variables that deserve 
consideration. As an example, Rejeski et al. 
(2002), in a weight loss study of older adults 
with knee osteoarthritis, found that reduc-
tion in pain and improved satisfaction with 
function mediated change in PCS scores. Fi-
nally, Brawley and colleagues, in a second-
ary analyses of an ILI involving older adults 
from the CLIP study, reported that change 
in self-efficacy for walking ability from 
baseline to 6 months mediated the baseline-
adjusted 18-month change in the 400-meter 
walk time (Brawley, Rijeski, Gaukstern, & 
Ambrosius, 2012).

Although the intent of existing longitudi-
nal study designs has not been to test poten-
tial mediators of the effect that obesity may 
have on physical disability in aging, three 
general focal points of study have evolved. 
The first is the impact that obesity may have 
on pathophysiological processes that di-
rectly influence markers of disability. This 
category includes the role that body fat plays 
in inflammation and the mechanical stress 
that excessive weight places on the joints. 
For example, the study of peripheral artery 
disease patients by McDermott et al. (2006) 
reported that obesity was related to decline 
in 6-minute walk performance. When these 
authors controlled for the effect of cytokines 
in their analyses, the performance deficits 
attributed to obesity were eliminated. Al-
though their study design and analytical ap-
proach did not allow for an actual statistical 
test of mediation (Kraemer, Wilson, Fair-
burn, & Agras, 2002), these results remain 
provocative, albeit controversial (Huffman, 
Slentz, Bales, Houmard, & Kraus, 2008).

The notion that obesity places excessive 
loads on joints in the lower extremities is 
yet another plausible cause for declining 
physical function. For some time, obesity 
has been linked to knee osteoarthritis (Fel-
son, 1995; Guccione, Felson, & Anderson, 
1990; Hartz et al., 1986). Not only are knee 
joint loads higher in obese individuals (Bali-
unas et al., 2002), but gait changes associ-
ated with obesity compound the problem 
by also increasing the loading rate in these 
joints (Mundermann, Dyrby, & Andriac-

chi, 2005). Of interest are data from Messier 
and colleagues, who observed a reduction in 
knee joint loading following weight loss in 
overweight and obese older adults (Messier, 
Gutekunst, Davis, & DeVita, 2005).

Second, physical inactivity is widely rec-
ognized as a risk factor for obesity (Brown 
& Siahpush, 2007; Kaplan, Huguet, New-
som, McFarland, & Lindsay, 2003), and 
obese individuals are more inactive (Kaplan, 
Newsom, McFarland, & Lu, 2001). Physical 
inactivity undermines strength, cardiorespi-
ratory function, balance, and flexibility—
parameters of fitness that determine one’s 
functional abilities. In particular, strength is 
related to muscle mass, and muscle mass is 
related to functional limitations later in life 
(Janssen, Baumgartner, Ross, Rosenberg, & 
Roubenoff, 2004; Visser et al., 2005). In-
terestingly, data from studies that have ex-
amined the interplay between muscle mass 
and fat mass suggest that fat mass may play 
a more important role in limiting function 
than muscle mass (Lebrun, van der Schouw, 
de Jong, Grobbee, & Lamberts, 2006; 
Visser, Fuerst, Lang, Salamone, & Harris, 
1999; Zoico et al., 2004). As an example, 
Visser et al. (1998), using data from the 
Cardiovascular Health Study, reported in 
longitudinal analyses that fat mass at base-
line, but not lean mass, was a predictor of 
future mobility disability. LeBrun and col-
leagues reported that in spite of a positive 
association between fat mass and lean mass, 
increasing BMI had a detrimental effect on 
Short Physical Performance Battery scores 
(Lebrun et al., 2006). In other words, the in-
crease in lean mass associated with increases 
in BMI did not counteract the concomitant 
increase in fat mass. Finally, Baumgartner 
(2000) observed that older men and women 
who were obese and had low muscle mass, 
as compared to nonobese older adults with 
normal muscle mass, had an 8- and 11-fold 
higher risk of having three or more physical 
disabilities, respectively.

General Discussion

There are compelling data that ILIs that com-
bine caloric restriction with exercise train-
ing mitigate the adverse effects of obesity on 
physical roles and activities that contribute 
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significantly to HRQoL and on objective 
measures of physical functioning. Whereas 
some evidence shows that ILIs positively af-
fect mild depression, there is no support that 
they improve mental health when assessed as 
a composite index of HRQoL. The effects of 
ILIs on the PCS of the SF-36 and on various 
indices of physical function have been found 
to be robust in that they are not moderat-
ed by sex or age. However, future research 
should examine whether baseline levels of 
obesity status may interact with ILIs, since 
the benefit that ILIs have on HRQoL and 
physical functioning, particularly among 
older adults, may be limited to individuals 
with class 2 obesity or higher. In fact, there 
is growing concern that ILIs are ill advised 
for elderly individuals who are overweight or 
barely meet the criterion for class 1 obesity. 
Whereas prospective epidemiological stud-
ies suggest that relatively high levels of phys-
ical activity may buffer the adverse effects 
of obesity on HRQoL and physical function-
ing, evidence from controlled clinical trials 
of ILIs that have compared physical activity 
alone to ILIs does not strongly support this 
position. It is possible that the prospective 
studies have just observed the benefit that 
being physically active earlier in life has on 
delaying the decline of physical function for 
older people who are moderately obese. Fi-
nally, a topic that deserves increased atten-
tion in the future is the study of mediation. 
For example: Why is adiposity a risk factor 
for the decline that is frequently observed in 
physical health scales of HRQoL and objec-
tive measures of physical functioning? Also, 
when participants in ILIs lose weight and 
become more physically active, what is re-
sponsible for the improvements observed in 
HRQoL and physical function?
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Over the past decade there has been an in-
crease in awareness among both adult and 
pediatric primary care doctors of the value 
of being formally trained in evaluating pa-
tients with obesity. This increased aware-
ness can be attributed to several factors, 
ranging from scientific advances in the field 
of obesity medicine to policy efforts made 
by government and nonprofit medical soci-
eties. The increasing body of literature on 
neurohormonal aberrations in the condition 
of excess adiposity (Thaler et al., 2012) and 
metabolic adaptions after weight loss (Sum-
ithran et al., 2011) has led physicians to look 
beyond the notion that diet and exercise 
alone will solve the obesity epidemic. The 
American Medical Association’s (AMA) 
classification of obesity as a disease state 
(“AMA Adopts New Policies,” 2013), the 
creation of the American Board of Obesity 
Medicine (“History of American Board of 
Obesity Medicine,” 2011), and the cover-
age of doctors’ visits for obesity care by the 
Centers for Medicare and Medicaid Services 
(“Intensive behavioral therapy,” 2012) are 
just a few examples of broader efforts en-
couraging appropriate medical evaluation 
of patients with obesity. On the patient care 
level, physicians are witnessing increases in 

the prevalence of extreme obesity (Flegal, 
Kruszon-Moran, Carroll, Fryar, & Ogden, 
2016), and an increasing portion of U.S. 
health care spending is devoted to comor-
bidities of excess adiposity (“Adult Obesity 
Facts,” 2015). Despite these developments, 
only 2,000 physicians have been creden-
tialed in obesity medicine. The majority of 
physicians, nurse practitioners, and physi-
cian assistants are not comfortable treating 
obesity.

The medical evaluation of patients with 
obesity can follow an algorithmic approach 
in the same way that physicians evaluate 
other chronic diseases. The 2013 American 
Heart Association (AHA)/American Col-
lege of Cardiology (ACC)/Obesity Society 
(TOS) guidelines by Jensen et al. (2014) 
propose assessing body mass index (BMI) 
to screen for overweight and obesity at each 
patient encounter (Figure 15.1). Assessment 
should include height, weight, and calcula-
tion of BMI. If a patient is found to have 
a normal BMI (≥ 18.5– < 25 kg/m2), he or 
she should be advised to avoid weight gain, 
and potential risk factors for weight gain in 
their history should be addressed. If a pa-
tient meets criteria for overweight or obesity, 
the patient should be screened and treated 
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for cardiovascular comorbidities, including 
diabetes, hypertension, and hyperlipidemia. 
The severity of obesity determined by BMI 
class and comorbidities should further lead 
the physician through the algorithm toward 
offering behavioral intervention for weight 
management or behavioral intervention with 
anti-obesity pharmacotherapy: if BMI is 30 
or greater, or if BMI is 27 or greater with 

comorbidities. Individuals with refractory 
class 2 obesity (BMI 35– < 40 kg/m2) with 
medical complications, as well as with class 
3 obesity (BMI ≥ 40 kg/m2), should be of-
fered bariatric surgical options.

In addition to identifying patients with 
obesity based on BMI classification, further 
health risks can be assessed through stag-
ing. An example of an obesity staging sys-

1
Patient 

encounter

2
Measure weight, 
height, calculate 

BMI

3
BMI 25<30 (overweight) 
or 30<35 (class I obese) 
or 35<40 (class II obese) 
or ≥40 (class III obese)

Yes
BMI ≥25

4
Assess and treat CVD 

risk factors and obesity-
related comorbidities

5
Assess weight and 
lifestyle histories

6
Assess need to 
lose weight: BMI 

≥30 or BMI 25<30 
with risk factor(s)

8
Assess readiness 
to make lifestyle 

changes to 
achieve weight 

loss

7
Advise to

avoid weight gain, 
address and treat 
other risk factors

No insufficient risk

No, not yet ready

No
BMI 18.5-<25

17
Measure weight 

and calculate BMI 
annually or more 

frequently

15
Follow-up and 

weight loss 
maintenance

18
5% or more weight 
loss and sufficient  
improvement in 
health targets

9
Determine weight 

loss and health goals 
and intervention 

strategies

10
Weight loss options:

comprehensive lifestyle intervention 
alone or with  adjunctive therapies
 (BMI ≥30 or ≥27 with comorbidity)

11a
Offer or refer for 

high intensity 
comprehensive 

lifestyle 
intervention

11b
Options for 

alternative delivery 
of lifestyle 

intervention

14
Weight loss: 5% or 
more weight loss 

and sufficient  
improvement in 
health targets

12
BMI ≥30 or BMI ≥27 with 

comorbidity—option for adding 
pharmacotherapy as an adjunct 

to comprehensive lifestyle 
intervention

13
BMI ≥40 or BMI ≥35 with comorbidity.

Offer referral to an experienced 
bariatric surgeon for consultation and 

evaluation as an adjunct to 
comprehensive lifestyle intervention

Yes

Yes Yes

19
Continue intensive medical 
management of CVD risk 

factors and obesity-related 
conditions and  periodic 
assessment of weight 
management options

16
Offer or refer for more intensive 
behavioral treatment, re-assess 
and address medical or other 
contributory factors,  consider 
adding or re-evaluating obesity 
pharmacotherapy, and/ or refer

to an experienced bariatric 
surgeon if otherwise appropriate

No

No

Yes, ready

Evaluation

Treatment

FIGURE 15.1. 2013 American Heart Association/American College of Cardiology/Obesity Society 
Guideline for Management of Overweight and Obesity in Adults. CVD, cardiovascular disease.
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tem is the Edmonton Obesity Staging System 
(EOSS) (Table 15.1) devised by Arya Shar-
ma, Robert Kushner, and colleagues (Shar-
ma & Kushner, 2009). This system identi-
fies the presence of physical, functional, and 
mental comorbidities, assigning a stage to 
the total of all comorbidities. For example, 
a patient with a BMI of 31 kg/m2 with no 
physical, functional, or mental weight-relat-
ed complications would be considered class 
1, stage 0, whereas another patient with a 
BMI of 31 kg/m2 with nonalcoholic steato-
hepatitis (NASH) and type 2 diabetes would 
be staged as class 2.

History and Physical Examination

Taking a history in a patient with obesity 
is complicated due to the multifactorial na-
ture of the disease that can span an entire 
lifetime from in utero factors to job-related 
stressors and hormonal changes that occur 
as people progress through life. It is im-
perative that the history not be taken in a 
biased or judgmental way that implicitly 
blames the patient for his or her condition. 
The history should address age of onset of 
obesity, minimum adult weight maintained 
for over a year, and notable events associ-
ated with weight gain (e.g., cessation of 
smoking, pregnancy, menopause, medica-
tion use; see Figure 15.2). Details on prior 
weight loss attempts and which modalities 
were used to obtain successful weight loss 
should be investigated. A history of eating 
disorders, such as anorexia, bulimia, or 
binge-eating disorder, usually requires close 
follow-up with a mental health practitioner 
in addition to the obesity medicine special-
ist. The care of significant alcohol and sub-
stance abuse should take precedence over 
obesity treatment. Cigarette smoking can 
complicate treatment history because weight 
is often gained upon stopping smoking. The 
average weight gain after smoking cessation 
is approximately 4.5 kg (Aubin, Farley, Ly-
cett, Lahmek, & Aveyard, 2012). It would 
be prudent to encourage smoking cessation 
and to manage a patient with medical/nutri-

340
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370
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380
385
390
395
400

11/28/2011 12/27/2012 2/10/2014 3/9/2015 6/16/2015 9/28/2015 10/15/2015 5/5/2016 6/16/2016

Lb
s

Date

Graduated law 
school, started 
working

Entered structured 
lifestyle program
diet and exercise

Stopped program, 
got promoted

Quit 
smoking

Got married
Son born, not 
sleeping well

FIGURE 15.2. Sample graph of weight and life events.

TABLE 15.1. Edmonton Obesity Staging System

Stage 0 No complications of obesity (no 
laboratory, psychological, or functional 
limitations)

Stage 1 Subclinical factors (pre-diabetes, 
borderline hypertension, mild distress 
over weight, mild aches and pains)

Stage 2 Established comorbidity (type 2 diabetes, 
hypertension, hyperlipidemia, distress 
over weight)

Stage 3 End-organ damage (coronary artery 
disease, neuropathy), fatty liver

Stage 4 End-stage disease (congestive heart 
failure, diabetic nephropathy requiring 
hemodialysis, significant physical 
limitations, immobility)



246 AssessMent of PAtIents WIth obesIty

tional therapy for weight control, in order 
to avoid or mitigate weight gain after smok-
ing cessation. (Bupropion, a medicine that is 
FDA approved for smoking cessation, can 
also aid in weight loss and can be considered 
for patients who are obese and would like to 
stop smoking [Patel & Steinberg 2016].)

Although monogenic causes of obesity 
such as defects in leptin, melanocortin-4 re-
ceptor, and pro-opiomelanocortin (POMC) 
deficiency are very rare, it is important to 
document whether there is a family history 
of obesity and obesity-related comorbidities 
in first- and second-degree relatives. Having 
a family history of obesity substantially in-
creases an individual’s likelihood of develop-
ing obesity. The biggest risk factor for obesi-
ty in a child is having a parent or first-degree 
relative with obesity (Parrino et al., 2016). 
Having a first- or second-degree relative 
with type 2 diabetes is an independent risk 
factor for insulin resistance (Ferry, 2011).

A detailed history of a patient’s current 
level of physical activity, including lifestyle, 
physical activity, and structured exercise, 
should be documented prior to initiating an 

exercise program. This information will help 
to determine what level of activity should be 
prescribed and whether any testing or medi-
cal supervision is necessary (Thompson, 
Arena, Riebe, & Pescatello, 2013; Table 
15.2).

Evaluation of Weight‑Related Disorders
Medical conditions that lead to abnormal 
weight gain should not be overlooked by the 
clinician and should be screened for if a pa-
tient exhibits signs and symptoms of these 
diseases (Table 15.3). Examples include 
polycystic ovarian syndrome, Cushing syn-
drome, hypothyroidism, and acromegaly. 
Insulin resistance and hyperinsulinemia in 
the months or years before developing overt 
type 2 diabetes can lead to significant weight 
gain (Kronenberg, Melmed, Polonsky, & 
Larsen, 2007).

Evaluation of Complications of Obesity
When overt complications of obesity, such 
as hypertension, type 2 diabetes, hyperlip-

TABLE 15.2. Recommendations for Medical Clearance for Exercise

Exercise history Medical history
Medical clearance from a health 
care professional

Not participating in 
regular exercise at a 
moderate intensity on 
at least 3 days/week 
for at least the past 3 
months

•• No cardiovascular, metabolic, or renal 
disease

Not necessary

•• No signs or symptoms suggestive of 
cardiovascular, metabolic, or renal disease

Not necessary

•• Known cardiovascular, metabolic, or 
renal disease

•• Asymptomatic

Recommended

•• Signs or symptoms suggestive of 
cardiovascular disease, metabolic, or 
renal disease

Recommended

Participating in regular 
exercise at a moderate 
intensity on at least 3 
days/week for at least 
the past 3 months

•• No cardiovascular, metabolic, or renal 
disease

Not necessary

•• No signs or symptoms suggestive of 
cardiovascular, metabolic, or renal disease

Not necessary

•• Known cardiovascular, metabolic, or 
renal disease

•• Asymptomatic

Not necessary for moderate-
intensity exercise; recommended 
for vigorous-intensity exercise

•• Signs or symptoms suggestive of 
cardiovascular disease, metabolic, or 
renal disease

Discontinue exercise and seek 
medical clearance

Note. Data from the American College of Sports Medicine (2015).
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idemia, or coronary heart disease, are di-
agnosed, these conditions should be treated 
concomitantly with medically supervised 
weight loss. Certain conditions such as os-
teoarthritis will get better as the patient 
loses weight, unless the severity requires 
joint replacement. All patients should have 
up-to-date cancer screening in light of the 
fact that obesity increases the risk of several 
cancers, including breast, colon, and uterine 
cancers (Bray, 2003). These cancers may be 
more difficult to detect in the patient with 
obesity (Printz, 2015), and individuals with 
obesity may be less likely to seek out screen-
ing. Patients with daytime fatigue, sleepi-
ness, and/or morning headaches should be 
screened with a diagnostic sleep study for 
obstructive sleep apnea (OSA). Increased 
neck circumference (≥ 17 inches in men and 
≥ 16 in women), enlarged floppy uvula, and 
tonsillar hypertrophy are predictors of OSA 
(Onat et al., 2009). Associated findings may 
include reports of snoring, disturbed sleep, 

irritability, and decreased libido. Laboratory 
studies may show polycythemia. OSA can 
be associated with further weight gain, and 
treating it can facilitate weight loss (Black-
man et al., 2016).

Medication‑Induced Weight Gain
Several commonly prescribed medicines can 
contribute to abnormal weight gain or in-
terfere with patients’ ability to lose weight 
(Table 15.4). These medications include 
antipsychotics, antidepressants, anitepilep-
tics, insulin and insulin secretagogues (e.g., 
thiazolidinediones), glucocorticoids, proges-
tational hormones and implants, oral con-
traceptives, beta-blockers, and others (Apo-
vian, Aronne, & Powell, 2015). If possible, 
these medications should be substituted for 
other medications that are weight neutral, or 
agents that can treat the underlying condi-
tion and cause weight loss at the same time. 
Use of over-the-counter medications and 
supplements should be reviewed. Medica-
tions that could interact with anti-obesity 
pharmacotherapy, such as the pseudoephed-
rine in cold remedies, should be discontin-
ued if stimulants are used for weight loss.

Physical Exam
A comprehensive physical exam should 
be performed to evaluate the etiologies of 
obesity, as well as the complications of this 
disease. Height and weight should be mea-
sured and the BMI calculated in order to 
categorize the class and severity of obesity. 
Waist circumference should be measured 
with the proper technique at the level di-
rectly above the iliac crests (Akabas, Leder-
man, & Moore, 2012), especially in patients 
with a BMI > 25–35 kg/m2 who need further 
risk stratification (Bray, 2003; Table 15.5). 
Blood pressure should be checked with an 
appropriately sized cuff to avoid mismea-
surement (by cuffs that are too tight or too 
loose). Other exam findings to note are the 
presence of acanthosis nigricans and skin 
tags indicative of insulin resistance, viola-
ceous striae and dorsocervial fat pads indic-
ative of hypercortisolism, and thyromegaly 
and delayed reflexes as signs of hypothy-
roidism. Some findings such as fungal skin 
infections, lower extremity edema, and foot 

TABLE 15.3. Medical Conditions That Can 
Contribute to Weight Gain and Obesity

Disease Diagnostic tests

Hypothyroidism Thyroid-stimulating 
hormone, free thyroxine, 
thyroid peroxidase antibodies 
for autoimmune etiology, 
triiodothyronine

Cushing disease 24-hour urine cortisol, 1 mg 
dexamethasone suppression test

Acromegaly Insulin-like growth factor 1 
and growth hormone levels

Insulinoma Fasting insulin, c-peptide, 
glucose

Polycystic 
ovarian 
syndrome

Clinical diagnosis using 
Rotterdam criteria for 
hyperandrogenism, 
oligomenorrhea, and 
polycystic ovaries; A.M. 
blood draw for total 
testosterone, free testosterone, 
dehydroepiandrosterone, 
prolactin, thyroid-stimulating 
hormone, and early-morning 
17-hydroxyprogesterone levels; 
testing should be done when the 
patient is off oral contraceptives
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TABLE 15.4. Drugs That May Promote Weight Gain and Alternatives

Drug class Associated with weight gain

Alternatives associated with less weight 
gain, weight neutral, or inducing weight 
loss

Antidepressants Nortriptyline, amitriptyline, paroxetine, 
citalopram, mirtazapine, fluoxentine 
(> 1 year), sertraline (> 1 year)

Fluoxetine (< 1 year), sertraline (< 1 year), 
bupropion (can induce weight loss)

Antipsychotics Clozapine, olanzapine, risperidone, 
quetiapine, lithium

Ziprasidone, aripiprazole

Antiepileptics Gabapentin, pregabalin, valproate, 
carbamazepine

Topiramate, zonisamide, lamotrigine, 
levetiracetam, phenytoin

Antidiabetic 
agents

Insulin, sulfonylureas, 
thiazoladinediones

Acarbose, metformin, glucagon-like 
peptide-1 receptor agonists, dipeptidyl 
peptidase-4 inhibitors, sodium–glucose 
cotransporter 2 inhibitors, pramlintide

Steroids Glucocorticoids, progestins Use lowest dose of glucocorticoids needed 
to control underlying disease

Contraceptives Depomedroxyprogesterone acetate, 
combination oral contraceptive pills 
(older generation)

Copper intrauterine device (IUD), low-
dose combination oral contraceptive pill

Antihypertensives Prazosin, doxazosin, terazosin, 
metoprolol tartrate, propranolol

Carvedilol, nebivolol

Antihistamines: 
over-the-counter 
allergy remedies 
and sleep remedies 
used chronically

Diphenhydramine, other antihistamines Use for as short of a duration as needed

TABLE 15.5. Classification of Overweight and Obesity by BMI, Waist Circumference, and Associated 
Disease Risk

Disease risk (relative to normal weight and waist circumference)a

BMI (kg/m2)
Obesity 

class
Men ≤ 40 in. (≤ 102 cm) 
Women ≤ 35 in. (≤ 88 cm)

> 40 in. (> 102 cm) 
 > 35 in. (> 88 cm)

Underweight < 18.5 — —

Normalb 18.5–24.9 — —

Overweight 25.0–29.9 Increased High

Obesity 30.0–34.9 
35.0–39.9

1 
2

High 
Very high

Very high 
Very high

Extreme obesity ≥ 40 3 Extremely high Extremely high

aDisease risk for type 2 diabetes mellitus, hypertension, and cardiovascular disease.
bIncreased waist circumference can also be a marker for increased risk, even in persons of normal weight.
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deformities may occur in patients with long-
standing obesity.

Laboratory Evaluation
Certain obesity complications may manifest 
only with laboratory and investigational 
testing. A hemoglobin A1C, fasting blood 
glucose, or 75 g oral glucose tolerance test 
can be done to screen for type 2 diabetes 
(American Diabetes Association, 2003). A 
full lipid panel, including fractionated li-
poprotein levels, would be required to as-
sess for genetic disorders of lipid metabo-
lism such as familial hypercholesterolemia. 
Often hyperuricemia, hepatic steatosis, and 
cholestasis are only discovered upon further 
lab testing (Table 15.6). A complete labora-
tory evaluation includes blood glucose, uric 
acid, blood urea nitrogen (BUN), creatinine, 
alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), total and direct 
bilirubin, alkaline phosphatase, total cho-
lesterol, high-density lipoprotein cholesterol 
(HDL) and low-density lipoprotein (LDL) 
cholesterol, triglycerides, complete blood 
count, thyroid-stimulating hormone (TSH) 
test, and urinalysis. A fasting insulin and 
glucose can be used to calculate homeostatic 
model assessment levels of insulin resistance 
(HOMA-IR; Matthews et al., 1985).

Measurements of body composition utiliz-
ing accessible methods such as bioelectrical 
impedance or dual-energy X-ray absorpti-
ometry (DXA) can provide more informa-
tion on body fat percentage, sarcopenic obe-

sity, and lean body mass, and can be tracked 
longitudinally with a patient’s progress.

Formulating a Treatment Plan

Formulating a reasonable and safe treatment 
plan should be done by sharing all results of 
the physical exam and investigational studies 
with the patient. Realistic targets for weight 
loss should be set with the goal of improve-
ment in comorbidities. For example, inform-
ing patients that clinically significant weight 
loss is defined as a loss of 5% or more of 
total body weight, because of improvements 
in health with this degree of loss, can be mo-
tivating to them. Emphasis should be placed 
on any findings associated with obesity that 
would be expected to improve with weight 
loss, rather than stressing arbitrary goal 
weights or cosmetic endpoints. Figure 15.3 
depicts how much weight loss is required 
to produce improvements in various medi-
cal conditions (Wing et al., 2011). Weight 
maintenance, achieved through combined 
changes in diet, physical activity, and behav-
ior, should be the priority following the first 
6 months of weight loss.

Assessing Readiness
The decision to start a medically supervised 
weight loss regimen should consider patients’ 
motivation to lose weight, as well as their 
prior experiences with weight loss attempts, 
available support systems, financial resourc-
es, and time constraints (Wadden, Butryn, 

TABLE 15.6. Laboratory and Diagnostic Evaluation of the Obese Patient Based on Presentation 
of Symptoms, Risk Factors, and Index of Suspicion

Suspicion of obesity comorbidity Testing

Sleep apnea and alveolar hypoventilation 
(Pickwickian syndrome) (hypersomnolence, 
possible right-sided heart failure)

Polysomnography for oxygen desaturation, apneic and 
hypopneic events; ear, nose, and throat examination for 
upper airway obstruction

Complete blood count (to rule out polycythemia); 
pulmonary function tests (reduced lung volume); blood 
gases (partial pressure of carbon dioxide often elevated); 
electrocardiogram (to rule out right-sided heart strain)

Gallstones Ultrasonography of gallbladder

Hepatomegaly/nonalcoholic steatohepatitis Liver function tests, liver sonogram
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Hong, & Tsai, 2014). At the present time, 
the data indicate that an unmotivated pa-
tient will not succeed in the long run. If the 
patient does not wish to lose weight and is 
not at high risk, weight maintenance should 
be encouraged. If the patient is at high risk 
as a result of obesity but unmotivated, the 
clinician can raise awareness of the medical 
consequences of continued obesity.

Special Considerations 
and Contraindications to Treatment

Obesity treatment is relatively contrain-
dicated in patients who are pregnant. Al-
though extreme weight loss, anti-obesity 
pharmacotherapy, and bariatric procedures 
are contraindicated in the pregnant patient 
with obesity, a patient who is at high risk of 
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excess weight gain and gestational diabetes 
can be managed conservatively to control 
weight gain while pregnant (Thangaratinam 
et al., 2012). Other contraindications for 
medical weight loss include active anorexia 
nervosa, terminal illness, and patients receiv-
ing chemotherapy that can result in malnu-
trition and cachexia. Medical or psychiatric 
illnesses, including cardiovascular disease, 
depression, and anxiety, should be stable 
and concomitantly managed as weight re-
duction begins and may influence the choice 
of weight loss medications (if they are used). 
Patients with cholelithiasis or osteoporosis 
should be counseled that these conditions 
might be exacerbated with weight loss.

Summary

There has been increasing effort over the 
past decade to raise awareness among health 
care providers about the proper diagno-
sis and treatment of obesity. The paucity 
of physicians trained to treat obesity, the 
prevalence of weight bias among providers, 
and poor reimbursement for weight-related 
care has led the medical community to lag 
behind in combatting the obesity epidemic. 
A place to begin addressing this epidemic is 
to educate health care providers on proper 
medical evaluation of the patient with obe-
sity. Obesity treatment requires physicians, 
nurse practitioners, and physician assis-
tants to have comprehensive knowledge of 
the various etiologies of obesity, as well as 
the skills to treat complications of the dis-
ease. In evaluating patients with obesity, it 
is important to understand the influence 
of genetics, environment, the natural aging 
process, and the effects of other medica-
tions. The measurement of height, weight, 
BMI, and waist circumference should be 
documented and tracked. Noted changes in 
these parameters should be addressed with 
patients in a nonbiased way. Physical exam 
findings and laboratory abnormalities con-
cerning specific endocrine causes of obesity 
should be pursued and might require referral 
to a specialist. Staging the degree of obesity 
will help the provider be aware of anticipat-
ed complications and will assist him or her 
in using formal guidelines that outline treat-
ment algorithms and options for care.
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The medical evaluation of an individual with 
obesity, described by Kumar and Aronne 
(Chapter 15, this volume), should be comple-
mented whenever possible by a behavioral 
assessment. The goals of this assessment are 
to (1) obtain a fuller understanding of bio-
logical and behavioral factors that may con-
tribute to a patient’s obesity; (2) assess the 
psychosocial consequences of excess weight; 
and (3) examine the individual’s goals and 
expectations for weight reduction (if it is 
desired). Another key objective is to pro-
vide patients with an opportunity to discuss 
their personal experiences with their weight 
and to have someone listen attentively and 
respectfully. As Stunkard (1993) has noted, 
“Such an experience may be the greatest gift 
that a doctor can give an obese patient; it 
compares favorably with the modest ben-
efits of our programs of weight reduction” 
(p. 356).

Guidelines for working with individuals 
with overweight or obesity recommend that 
clinicians assess patients’ weight and lifestyle 
histories (Jensen et al., 2014). However, few 
assessment models are available. The assess-
ment described in this chapter has been de-
veloped by our research team over the past 
30 years. It is organized around five major 
areas, summarized by the acronym “BEST 

Treatment.” B captures biological factors 
that may contribute to the patient’s obesity; 
E stands for environmental influences; S 
represents social/psychological status; and 
T describes the timing of the present weight 
loss effort. Following a review of these four 
components, patient and provider select the 
best Treatment option.

Prior to their behavioral assessment, we 
ask patients to complete the Beck Depression 
Inventory–II (BDI-II; Beck, Steer, & Brown, 
1996) and the Weight and Lifestyle Inven-
tory (WALI; Wadden & Foster, 2006). The 
latter is a questionnaire that inquires about 
the four areas described above. (The WALI 
is available to purchasers of this book; see 
the box at the end of the table of contents.) 
The patient’s completion of these materials 
prior to the assessment allows the health 
care provider to identify the points of great-
est interest and to focus the interview ac-
cordingly. The BDI-II has excellent reliabili-
ty, as well as criterion and predictive validity 
(Beck et al., 1996). Items on the WALI have 
good test–retest reliability (e.g., Crerand et 
al., 2006; Wadden et al., 2006). WALI items 
also have been found to have good conver-
gent validity with established psychological 
and behavioral measures (Wadden et al., 
2006). However, we have no data on the 
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predictive validity of this inventory in, for 
example, identifying patients who will or 
will not lose weight. Further research of this 
kind is needed. At present, the WALI is best 
viewed as a method of eliciting and organiz-
ing patient information.

Members of our staff usually take 60 min-
utes to conduct the behavioral assessment, 
which makes it most appropriate for use 
in a specialty clinic. Such an assessment is 
probably best conducted by a mental health 
professional who specializes in obesity or 
by a registered dietitian who has a consulta-
tive relationship with a psychologist or psy-
chiatrist. These personnel usually have more 
time to meet with patients than do primary 
care professionals (e.g., physicians, nurse 
practitioners). Primary care providers, how-
ever, may want their patients to complete the 
questionnaires, which practitioners can then 
quickly review for problem areas. Similarly, 
familiarity with the assessment will sensitize 
primary care providers to problems such as 
binge eating or mood disorders, which are 
encountered in a significant minority of in-
dividuals with obesity. Providers who inter-
act with patients with obesity in a context 
where questionnaires cannot be completed 
prior to the appointment might still use the 
WALI or BEST Treatment model as a guide 
for discussion.

Minor adjustments in this assessment are 
necessary when it is applied to the behavior-
al evaluation of individuals seeking bariat-
ric surgery. Considerations relevant to this 
population are discussed at the end of the 
chapter.

Initiating the Interview

In our experience, practitioners frequently 
initiate weight reduction therapy without 
adequately knowing the person they plan 
to treat. Thus, the first 5–10 minutes of the 
interview should be devoted to getting to 
know the patient. The interview should pro-
vide an overview of the patient’s (1) intimate 
relationships (i.e., with parents, spouse/
partner, children, and friends); (2) satisfac-
tion with work and leisure activities; and (3) 
current life goals. From the beginning, the 
practitioner should seek to understand how 
weight affects and is affected by these fac-

tors, and what life changes the patient an-
ticipates with weight loss.

We usually begin the assessment by 
thanking patients for completing the ques-
tionnaires and explaining that we will re-
view them to get a better sense of “your 
weight and dieting history, eating and activ-
ity habits, and mood. We will then discuss 
your interest in losing weight and the goals 
you hope to achieve. We will finish by talk-
ing about treatment options.” We then speak 
briefly with patients about some aspect of 
their work or leisure activities before pro-
ceeding to review the questionnaire items. 
We select what appears to be a conflict-free 
topic that a patient can discuss comfortably. 
For instance, we might remark, “I read that 
you are a teacher. What do you teach?” This 
discussion may resemble social chitchat, but 
it provides an opportunity to observe the 
patient’s mood and verbal behavior, particu-
larly if the patient is going to participate in 
a group program. It also provides an initial 
opportunity to learn about the patient’s sat-
isfaction with work and the degree of stress 
associated with it.

Primary Care Practice
Primary care professionals will probably 
need to take a different approach to initiate 
a conversation about weight control with pa-
tients whom they already know. The ques-
tion is how best to broach this topic with in-
dividuals who have not asked for assistance. 
A physician’s acknowledgment of a patient’s 
obesity may increase the individual’s desire 
to lose weight (Post et al., 2011). However, 
most practitioners have had limited training 
in obesity care (Kushner & Kahan, Chap-
ter 24, this volume), and patients may be 
upset by practitioners’ comments about their 
weight if the topic is not introduced in a re-
spectful manner (Wadden et al., 2000). In-
stead of either avoiding discussion of weight 
or admonishing patients that they need to 
lose weight, a practitioner can use open-
ended questions to invite patients to discuss 
their possible concerns—for example: “We 
have not talked about your weight in a while. 
What are your thoughts about your weight 
at this time?” Another option is to summa-
rize the results of the physical examination 
to include a discussion of weight control. 
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The practitioner might state, “Your blood 
pressure today was 146/90 mmHg, and your 
weight was 215 pounds. I bet you could 
bring your blood pressure into the normal 
range by losing just 10–15 pounds. Would 
you like to consider this?” These approaches 
show respect for the patient and underscore 
the importance of inviting the individual’s 
participation in treatment.

Reviewing BEST Treatment
In this chapter, we review biological, en-
vironmental, social, and timing factors, in 
that order (the same in which they are as-
sessed by the WALI), and then discuss the 
selection of the best treatment option. Of 
course, practitioners may cover the BEST 
items however they wish, particularly if a 
patient is eager to discuss a particular topic 
at the outset of the interview.

Biological Factors
Classification
Obesity guidelines (reviewed by Kumar & 
Aronne, Chapter 15, this volume) classify 
patients into different categories of over-
weight and obesity based on body mass 
index (BMI). In addition, waist circumfer-
ence may be used to assess whether the in-
dividual has upper-body fat distribution. 
These two simple measures provide an es-
timate of the patient’s risk of weight-related 
health complications.

Genetic Factors
As reviewed by Farooqi (Chapter 4, this 
volume), recent twin and adoption studies 
suggest that genetic factors account for an 
estimated 45–75% of the variance in body 
weight (Farooqi & O’Rahilly, 2007). Body 
fat distribution (e.g., waist circumference) 
also appears to be highly heritable (Chaput, 
Pérusse, Després, Tremblay, & Bouchard, 
2014). Although monogenic mutations, par-
ticularly those affecting the leptin–melano-
cortin pathway, have been shown to produce 
severe early-onset obesity, these genetic al-
terations are rare in humans and are pres-
ent in fewer than 5% of individuals with se-
vere obesity (Walley, Blakemore, & Froguel, 

2006). In most cases, the heritability of obe-
sity appears to be polygenetic, with over 127 
genes having been identified as potentially 
linked to overweight, though only a minor-
ity of these associations (n = 22) have been 
replicated by five or more studies (Walley et 
al., 2006).

Currently, there are no simple, inexpensive 
tests that can be used in clinical practice to 
assess an individual’s genetic predisposition 
to obesity. However, several factors are like-
ly to suggest an increased role of biological, 
as compared to environmental, influences in 
the etiology of obesity. These variables can 
be assessed by obtaining a detailed weight 
and dieting history:

1. Age of onset of obesity. Childhood 
and adolescent onset of obesity are generally 
associated with greater body weight as an 
adult. Among adults with obesity, those with 
a relatively higher BMI and waist circumfer-
ence report relatively younger ages of over-
weight/obesity onset (Gordon-Larsen, Adair, 
& Suchindran, 2007). Obesity in childhood 
doubles the risk of obesity in adulthood, and 
the risk increases further if an individual is 
obese as an adolescent (Rooney, Mathiason, 
& Schauberger, 2011; Whitaker, Wright, 
Pepe, Seidel, & Dietz, 1997). These differ-
ences may be attributed to the more rapid 
proliferation of adipose cells in children and 
adolescents with obesity, resulting in greater 
fat cell number in adulthood (Spalding et al., 
2008). Earlier age of onset also appears to 
be associated with a stronger familial his-
tory of overweight (Gordon-Larsen et al., 
2007; Rooney et al., 2011). Age of onset of 
overweight/obesity can be assessed by tak-
ing a careful weight history, as captured by 
items B1 and B4 of the WALI. Persons with 
childhood or adolescent onset of obesity can 
lose large amounts of weight but may be less 
likely to reach statistically average weight 
(Spalding et al., 2008).

2. Family history. As noted above, obesi-
ty runs in families, an occurrence due in part 
to shared genetic characteristics (Farooqi 
& O’Rahilly, 2007). Obesity in one parent 
more than doubles the risk that a child will 
be obese as an adult (Pachucki, Lovenheim, 
& Harding, 2014; Rooney et al., 2011), and 
the risk is even greater if both parents are 
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obese (Whitaker et al., 1997). Sibling obe-
sity status is also associated with increased 
risk of obesity in childhood (Pachucki et al., 
2014), and obese adults with relatively high-
er BMIs report higher levels of obesity in 
both their siblings and parents (Crerand et 
al., 2006). The strongest predictor of adult 
obesity is the combination of childhood or 
adolescent onset with a family history of 
obesity; 65–70% of children with these two 
risk factors become obese as adults (Whita-
ker et al., 1997).

Family history may be assessed by ob-
taining patients’ reports of the weights and 
heights of their mother, father, and siblings 
(items C1, C3, and C4 of the WALI), which 
have been shown to be highly correlated 
with measured familial weights (Paradis, 
Pérusse, Godin, & Vohl, 2008). Weights 
of maternal and paternal grandparents also 
should be assessed. The use of figure size 
silhouettes, included in the WALI, helps 
to confirm the presence of overweight and 
obesity in relatives. These ratings also cor-
relate highly with actual BMI (e.g., Cardi-

nal, Kaciroti, & Lumeng, 2006), and pro-
vide a useful alternative for patients who 
have difficulty recalling familial measure-
ments.

3. Weight loss history. Two-thirds of 
American adults and 89% of adults who 
consider themselves to be overweight have 
attempted to lose weight (Carroll, 2005). Pa-
tients with obesity who present to a specialty 
clinic such as ours frequently report a his-
tory of numerous weight loss attempts, usu-
ally followed by weight regain, as illustrated 
by Figures 16.1 and 16.2. Figure 16.1 shows 
the weight histories of patients who pre-
sented for behavioral weight loss and Figure 
16.2 shows the weight histories of individu-
als who sought bariatric surgery. Frequent 
weight cycling may indicate that the body is 
defending an elevated body weight set point, 
resulting in rapid regain after weight loss 
(MacLean, Bergouignan, Cornier, & Jack-
man, 2011). Weight cycling may be a marker 
of a biological predisposition toward obe-
sity.

FIGURE 16.1. Weight and dieting histories of 31 women seeking behavioral weight loss who had en-
gaged in a minimum of four diets. Overall, the 50 women surveyed reported 4.9 ± 0.5 diets on which 
they had lost 5 kg or more and lost a lifetime total of 55.9 ± 6.0 kg. Data were collected at the time of 
the “present diet,” with subsequent weight loss for this diet shown. From Wadden and Letizia (1992). 
Copyright © 1992 The Guilford Press. Reprinted by permission.
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Practitioners should know what weight 
loss methods a patient has tried before pre-
scribing a new course of treatment. Weight 
loss history may be assessed by item E1 of 
the WALI, which inquires about the num-
ber of diets that resulted in a weight loss of 
10 pounds (4.2 kg) or more, as well as less 
successful dieting attempts (E3 and E4 of 
the WALI). We also encourage practitioners 
to acknowledge the sincere efforts (and fre-
quently expense) that patients have devoted 
to weight loss. Statements such as “You have 
really worked hard to control your weight, 
and I admire your efforts” are greatly appre-
ciated by most individuals.

Medical Conditions and Medication Use
In addition to genetic factors, certain medi-
cal conditions and medications may produce 
weight gain. Hypothyroidism, polycys-
tic ovarian syndrome, Cushing syndrome, 
Hashimoto disease, and acromegaly can 

all cause rapid increases in weight. Certain 
antipsychotics, antidepressants, antiepi-
leptics, insulins, glucocorticoids, progesta-
tional hormones, oral contraceptives, and 
beta-blockers also have been associated 
with weight gain (for a review, see Kumar 
& Aronne, Chapter 15, this volume), as is 
smoking cessation (Tian, Venn, Otahal, & 
Gall, 2015). In addition to reviewing the pa-
tient’s medical history, the provider should 
discuss factors that the patient believes con-
tributed to weight gain (included in B4 of the 
WALI), particularly during periods marked 
by rapid increases in weight.

Summarizing the Role of Biological Factors
Some patients will present histories that 
clearly suggest a biological predisposition 
to obesity, but other cases will be less clear. 
For example, a patient with a BMI of 40 kg/
m2, childhood onset of obesity, and a posi-
tive family history is likely to have a genetic 
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FIGURE 16.2. Weight and dieting histories of 77 women seeking bariatric surgery who had engaged 
in a minimum of four diets. Overall, the 83 women surveyed reported 4.7 ± 2.9 diets on which they 
had lost 5 kg or more and lost a lifetime total of 61.1 ± 41.3 kg. Data were collected at the time of the 
“behavioral evaluation” for bariatric surgery. From Gibbons, Sarwer, Crerand, Fabricatore, Kuehnel, 
Lipschutz, et al. (2006). Previous weight loss experiences of bariatric surgery candidates: How much 
have patients dieted prior to surgery? Obesity, 14(Suppl. 3), 70S–76S. Copyright © 2016 Wiley. Re-
printed by permission.
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predisposition to this disorder. The presence 
of a biological predisposition is harder to de-
termine in a patient with a similar BMI who 
became obese as an adult, has lost and re-
gained weight only once, and, as a result of 
adoption, knows nothing about the weights 
of his or her biological parents.

At least three issues should be discussed 
with patients in whom a marked biological 
predisposition to obesity is suspected. The 
first is that even though obesity is a heritable 
disorder, it is not inherited in the same man-
ner as eye color (in which a person is born 
with blue, green, or brown eyes, with little 
influence of the environment). By contrast, 
genes may confer the potential for obesity, 
but it is the environment that determines 
the extent to which this potential is real-
ized (Swinburn et al., 2011). A second point 
is that by changing their behavior and en-
vironment, patients with obesity can lose 
weight, even if they are not likely to achieve 
a statistically average weight. Third, infor-
mation about biological contributions to 
obesity can be used to assuage feelings of 
guilt and shame that burden some patients. 
Studies such as those by Bouchard et al. 
(1990) have shown clearly that some people 
gain more weight than others when overfed 
by the same number of calories. This find-
ing resonates with the experience of many 
persons with obesity who are perplexed by 
their body weight when they compare their 
eating and activity habits with those of lean 
friends. The overall message is that patients 
with obesity are not to blame for their ex-
cess weight, and they may be able to improve 
their weight and health by adopting new eat-
ing and activity habits.

We might summarize findings in the fol-
lowing manner: “You have been overweight 
since you were 12 years old, and you noted 
that your mother had a weight problem all 
of her life, as did her mother. In addition, 
you have lost and regained weight on sev-
eral occasions. These factors suggest that 
you have a biological (or genetic) tendency 
toward obesity—a tendency that probably 
makes weight control more difficult for you 
than the next person. This does not mean 
that you cannot lose weight; you certainly 
can. We’ll look at ways that you can change 
your eating and activity habits to help you 
achieve a lower weight.”

Environmental Factors

Environmental factors are clearly more re-
sponsible than genetic influences for the 
increased prevalence of obesity observed 
in industrialized nations in the past 30–40 
years (Hill, Wyatt, Reed, & Peters, 2003). 
This fact makes it imperative to assess eat-
ing and activity habits to determine their 
possible contribution to a patient’s obesity. 
Such an assessment will also reveal areas for 
intervention. This portion of the assessment 
should provide a sketch of the patient’s daily 
eating pattern, approximate calorie intake, 
problem eating, and physical activity. As-
sessment of these variables typically contin-
ues throughout treatment.

Food Intake
Number of Meals and Snacks per Day

A key task is to determine the number of 
meals and snacks that the patient consumes 
each day (item H2 of the WALI). This in-
cludes assessing when meals and snacks 
are typically consumed and the consistency 
of the meal pattern. Individuals who skip 
meals (Levitsky & Pacanowski, 2013) or 
have highly variable eating patterns (Rog-
ers, 1999) report greater hunger and dietary 
disinhibition (i.e., loss of control over diet-
ing). Meal skipping has been associated with 
obesity (Mesas, Muñoz-Pareja, López-Gar-
cía, & Rodríguez-Artalejo, 2012) and meal 
regularity with successful weight loss main-
tenance (Fuglestad, Jeffery, & Sherwood, 
2012). A principal goal of treatment is there-
fore to establish a structured eating plan.

Calorie Intake

A rough estimate of the patient’s calorie in-
take can be obtained by reviewing food in-
take for a typical day (section I of the WALI). 
Diet composition can be assessed more fully 
by a registered dietitian, a 24-hour food 
recall, or the use of a food frequency ques-
tionnaire, such as that developed by Block, 
Woods, Potosky, and Clifford (1990). As 
treatment progresses, daily food records can 
be used to further assess intake and identify 
targets of intervention. Paper-and-pencil dia-
ries are increasingly being replaced by online 
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monitoring or the use of smartphone apps 
(e.g., myfitnesspal, Lose It!), which simplify 
calorie counting (Hutchesson, Rollo, Callis-
ter, & Collins, 2015).

No self-report measure of dietary intake 
has adequate reliability or validity com-
pared to doubly labeled water, the preferred 
method of assessing energy requirements; 
however, this latter method is too expen-
sive for use in clinical practice (see Marlatt 
& Ravussin, Chapter 3, this volume). On 
average, individuals with obesity underes-
timate their calorie intake by 30–50%, as 
compared with estimates from doubly la-
beled water; persons of average weight un-
derestimate by 20–30% (Hutchesson et al., 
2015; Lichtman et al., 1992). The underes-
timation does not appear to be intentional, 
but reflects the difficulty in remembering all 
foods eaten and estimating their quantities 
and calories. Emerging technological inno-
vations that involve the use of smartphone 
cameras to capture food images may lead to 
improvements in recording accuracy, but at 
this time these methods are still under de-
velopment (Stumbo, 2013).

The initial goal of dietary assessment is to 
determine whether the patient’s reported cal-
orie intake is consistent with elevated body 
weight or is lower than would be expected. 
Patients who report, often with embarrass-
ment, that they eat a high-calorie diet can be 
told that this is actually good news, because 
treatment can help them reduce their intake. 
By contrast, those who report an unexpect-
edly low energy intake can be told that their 
estimate may be accurate; however, it is 
difficult to count portion sizes and to keep 
track of calories. Failure to lose weight while 
reportedly adhering to a calorie-restricted 
diet is often associated with substantial un-
derreporting of calorie intake rather than 
with metabolic abnormality (Lichtman et 
al., 1992). In treatment, such individuals 
may benefit from increased attention to re-
cording accuracy or from the use of meal 
replacements or portion-controlled entrées 
to facilitate calorie counting (see Wadden, 
Bakizada, Wadden, & Alamuddin, Chap-
ter 17, this volume). Measurement of resting 
energy expenditure by indirect calorimetry 
is an option when patient and provider be-
lieve that the patient’s energy requirements 
are abnormally low. In many hospitals, the 

pulmonary medicine service can measure 
resting energy expenditure following an 
overnight fast.

Diet Composition

The prevalence of high-calorie, high-fat, and 
high-sugar foods in the diet should also be 
assessed. Systematic reviews suggest an as-
sociation between weight gain and greater 
intake of fast food (Rosenheck, 2008) and 
sugar-sweetened beverages (Malik, Schulze, 
& Hu, 2006). Reducing consumption of 
these items is a straightforward target for 
intervention. Patients generally should be 
encouraged to follow a balanced diet consis-
tent with the 2015–2020 Dietary Guidelines 
(U.S. Department of Health and Human 
Services & U.S. Department of Agricul-
ture, 2015). MyPlate provides resources for 
translating these guidelines into daily food 
choices (U.S. Department of Agriculture, 
2017). However, a variety of different diets 
of markedly different macronutrient compo-
sition may be used, provided they induce an 
adequate energy deficit (Jensen et al., 2014).

Portion Sizes

In addition to dietary composition, portion 
size can be another source of excess calories 
in the diet. The consumption of larger self-
reported portion sizes at mealtimes is associ-
ated with obesity (Berg et al., 2009). Many 
individuals are not aware that they eat larger 
portions than required for their calorie needs 
because of the role of large restaurant por-
tions, packaged products, and larger plates 
and bowls in expanding our consumption 
norms (Wansink, 2007). A patient’s ten-
dency to consume larger portions can be 
assessed through examining the amounts of 
food listed in the WALI (section I, although 
individuals may omit or underestimate these 
amounts without training) and by their en-
dorsement of overeating items listed under 
H1. We also frequently ask, “How much 
food do you typically eat compared to per-
sons of average weight whom you know? 
About the same amount, more, or less?” For 
patients who endorse frequent overeating, 
we again emphasize that this habit provides 
a straightforward opportunity for interven-
tion.
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Environmental Cues

Environmental cues—including times, peo-
ple, places, emotions, and activities—have 
been shown to influence the eating decisions 
of individuals across the weight spectrum 
(Wansink, 2004). Practitioners should at-
tempt to identify cues that are reliably as-
sociated with overeating for the individual. 
Environmental cues are covered by item H1 
(L–X) of the WALI, and should be assessed 
on an ongoing basis during treatment.

Appetite

Some individuals who report eating larger 
amounts of food indicate that they have 
trouble feeling full at mealtimes. Such indi-
viduals appear to have impaired satiation, a 
problem that may be treated by behavioral 
intervention or by pharmacological agents 
such as phentermine, phentermine/topira-
mate, lorcaserin, and liraglutide (Mordes, 
Liu, & Xu, 2015), or by bariatric surgery 
(Pournaras & Le Roux, 2009), as appro-
priate. Similarly, the practitioner may ask 
whether the individual experiences signifi-
cant hunger or cravings and, if so, what 
times and places are associated with these 
sensations. These variables are assessed by 
item H1 (G–J) of the WALI. Several ques-
tionnaires can be used to provide a more in-
depth assessment, including the Eating In-
ventory (Stunkard & Messick, 1988), which 
provides an assessment of hunger, disinhibi-
tion, and dietary restraint. The Food Craving 
Inventory (White, Whisenhunt, Williamson, 
Greenway, & Netemeyer, 2002) assesses the 
frequency of general and specific food crav-
ings, and the Power of Food Scale (Lowe et 
al., 2009) is useful for assessing drive to eat 
palatable foods.

Problem Eating
A minority of individuals with obesity re-
port symptoms of eating disorders, includ-
ing binge-eating disorder (BED) and night 
eating syndrome (NES). As reviewed by 
McCuen-Wurst and Allison (Chapter 11, 
this volume), 20–50% of patients seeking 
weight reduction report symptoms of binge 
eating, and 10–15% meet criteria for BED 
as confirmed by a diagnostic interview. BED 

is characterized by the consumption of an 
objectively large amount of food in a short 
period of time (i.e., 2 hours) with an accom-
panying subjective loss of control (American 
Psychiatric Association, 2013) that has oc-
curred at least once weekly over the prior 
3 months. Individuals with BED are more 
likely to report symptoms of depression and 
other psychopathology, as discussed by Mc-
Cuen-Wurst and Allison (Chapter 11, this 
volume).

NES is currently included as an “other 
specified feeding or eating disorder” in the 
fifth edition of the Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM-5; 
American Psychiatric Association, 2013). 
Proposed diagnostic criteria include sig-
nificantly increased intake in the evening or 
nighttime, as characterized by either con-
sumption of at least 25% of daily intake 
after the evening meal or by at least two 
episodes of nocturnal eating per week. NES 
may co-occur with BED and, like BED, is 
associated with an increased prevalence of 
mood and anxiety disorders (see McCuen-
Wurst & Allison, Chapter 11, this volume).

The Questionnaire on Eating and Weight 
Patterns—Revised (QEWP-R; Yanovski, 
Marcus, Wadden, & Walsh, 2015) and the 
Night Eating Questionnaire (NEQ; Allison, 
Stunkard, & Thier, 2004) are contained 
within the WALI (sections J and K) and serve 
as screening measures for BED and NES, re-
spectively. The QEWP-R also provides items 
for differentiating BED from bulimia ner-
vosa and related eating disorders. The Eat-
ing Disorder Examination Questionnaire 
(EDE-Q; Fairburn & Beglin, 2008) also 
can be used to assess behavioral symptoms 
of binge eating and other eating disorders. 
The practitioner should confirm reports of 
binge eating by having patients describe two 
or more recent binge episodes to determine 
that they ate an objectively large amount of 
food and experienced loss of control. We 
have observed that patients may endorse 
questionnaire items related to loss of control 
if they recall overeating episodes in which 
they determined, after mindlessly overeat-
ing, that they had eaten too much. Patients 
may describe feeling sad, guilty, or uncom-
fortably full after such episodes, but these 
occurrences should be distinguished from 
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true loss of control eating in making a diag-
nosis of BED.

Both binge-eating and night eating epi-
sodes decline with weight loss treatment 
(Gallant, Lundgren, & Drapeau, 2012). 
However, recent systematic reviews suggest 
that cognitive-behavioral therapy (CBT) 
and other psychological treatments are su-
perior for achieving long-term abstinence 
from disordered eating (see McCuen-Wurst 
& Allison, Chapter 11, and Grilo, Chap-
ter 34, this volume). Although individuals 
with BED and/or NES may need additional 
treatments, these disorders should not be 
considered contraindications to weight loss. 
Most studies have found no differences in 
weight loss between obese individuals with 
and without BED who received behavioral 
weight control (Sherwood, Jeffery, & Wing, 
1999), particularly if BED resolves during 
treatment (Gorin et al., 2008). Fewer studies 
have been conducted, but the same appears 
to be true of NES (Gallant et al., 2012).

Physical Activity
Frequent sedentary behavior and infrequent 
leisure-time physical activity are indepen-
dent risk factors for increased weight, car-
diovascular disease, and type 2 diabetes 
(e.g., Thorp et al., 2010; Wahid et al., 2016). 
A lower amount of physical activity also 
has been associated with increased all-cause 
mortality, independent of the effect of BMI, 
in large population-based cohorts (Arem et 
al., 2015). Increased physical activity im-
proves initial weight losses only slightly 
(i.e., 1–2 kg in 16 weeks) but is the single 
best predictor of the maintenance of weight 
loss (Swift, Johannsen, Lavie, Earnest, & 
Church, 2014).

The goal in assessing physical activity is to 
locate patients on a continuum that ranges 
from completely sedentary to “marathon 
athlete.” Assessing the typical amount of 
time a person spends engaging in seden-
tary activity (e.g., television, computer, or 
other “screen time”), lifestyle activity (e.g., 
number of blocks walked or flights of stairs 
climbed; Andersen et al., 1999), and pro-
grammed or purposeful activity (e.g., walk-
ing, jogging, and other aerobic or anaerobic 
activities) can provide an indication of his or 

her activity level. Physical activity and seden-
tary behaviors are covered in section L of the 
WALI. Other self-report measures, such as 
the Paffenbarger Physical Activity Question-
naire (Paffenbarger, Wing, & Hyde, 1995) 
and the Minnesota Leisure Time Physical 
Activity Questionnaire (Folsom, Jacobs, 
Caspersen, Gomez-Marin, & Knudsen, 
1986), focus on the frequency, intensity, du-
ration, and/or total amount of activity per-
formed. Most self-report measures have only 
limited to moderate reliability and validity 
(Shephard, 2003). Wearable motion sensors 
provide a more accurate assessment of physi-
cal activity; they include pedometers, accel-
erometers, heart-rate monitors, and other 
multisensor devices (Ainsworth, Cahalin, 
Buman, & Ross, 2015; Shephard, 2003). 
With the proliferation of commercially mar-
keted step-tracking devices (e.g., Fitbit, Jaw-
bone, and Misfit) and phone applications, 
some patients may have such measurements 
available at the time of their assessment.

Some of our patients indicate that they 
are quite physically active, but most report 
that they are very sedentary. Limited physi-
cal activity can be reframed positively as a 
potential treatment target. To support later 
goal setting, we also inquire about exercise 
preferences, including type of activity (e.g., 
walking, swimming, aerobics) and whether 
the individual prefers to exercise alone or 
with others. Barriers that prevent the pa-
tient from exercising regularly should also 
be examined (see Jakicic, Rogers, Sherman, 
& Kovacs, Chapter 19, this volume). A com-
mon belief is that one must enjoy vigor-
ous activity in order to be active, and that 
physical activity must be vigorous in order 
to benefit weight or health. Findings, how-
ever, indicate that moderate physical activity 
(equivalent to a brisk walk) is sufficient to 
improve cardiovascular and overall health 
(Shiroma, Sesso, Moorthy, Buring, & Lee, 
2014). Individuals with obesity also may 
welcome news that increased lifestyle activ-
ity, without regard to intensity, is as effec-
tive as programmed activity in inducing and 
maintaining weight loss (Andersen et al., 
1999). Practitioners should emphasize that 
any increase in physical activity, or reduc-
tion in sedentary activity, can benefit fitness, 
health, and long-term weight control.
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Summarizing the Role of Environmental 
(Behavioral) Factors
This section of the interview concludes with 
a brief summary of the extent to which di-
etary intake and physical activity appear to 
contribute to the patient’s weight problem. 
Clearly this assessment is impressionistic; 
in most cases, however, the practitioner can 
determine whether there is opportunity to 
modify the patient’s food intake, physical 
activity, or both.

We usually summarize findings in the 
following manner: “You indicated that you 
don’t enjoy exercising and are very seden-
tary. In some ways, I’m glad to hear that. 
If you were already running marathons, we 
wouldn’t have much room for change. In 
terms of your eating habits, you said that 
you do not overeat at mealtimes, but often 
snack after dinner while watching televi-
sion. Sometimes you eat as late as 11:00 P.M. 
We’ll need to determine how many calories 
you consume in this fashion and find ways 
to help you control your evening snacking.”

Social/Psychological Factors

The psychosocial assessment should address 
several topics, including the patient’s living 
arrangements, satisfaction with personal 
relationships, and expected social support 
when attempting to lose weight (section M 
of the WALI). The patient’s mood and psy-
chosocial status also should be evaluated 
(sections N and O of the WALI).

Social Context of Weight Loss
“What is the social context in which the 
patient will lose weight?” Weight loss does 
not occur in a vacuum. The weights, eating 
habits, and attitudes of a patient’s family 
members, friends, and coworkers are likely 
to affect his or her weight control efforts. 
For example, studies have shown that social 
influence can lead to increasing degrees of 
overweight among friends (Christakis & 
Fowler, 2007) and that having more social 
contacts who are attempting weight loss can 
enhance motivation to lose weight (Leahey, 
Larose, Fava, & Wing, 2011). We frequent-
ly ask, “What did you partner [or family/
friends] do that helped you lose weight the 

last time you tried? What did your partner 
[or family/friends] do that hindered your 
weight control efforts?” The practitioner 
and patient might later invite family mem-
bers to a session if such individuals are 
identified as significant barriers to weight 
control.

Psychosocial Effects of Obesity
Weight Stigma and Quality of Life

“What effect does weight have on the pa-
tient’s social functioning, self-esteem, body 
image, and general quality of life?” Over-
weight and obese individuals are subjected 
to significant stigma and discrimination 
in the United States and other industrial-
ized nations. Weight-related stigmatization 
can occur across a wide variety of life do-
mains and may negatively affect an indi-
vidual’s psychological functioning, body 
image, weight-related health behaviors, and 
stress levels (see Puhl & Pearl, Chapter 10, 
this volume). Experiences of weight stigma 
can be assessed using the Experiences of 
Weight Bias questionnaire (Puhl, Heuer, & 
Sarda, 2011), which is found in section N of 
the WALI (items 5–7). Weight bias internal-
ization may be associated with the greatest 
negative psychological outcomes and can be 
assessed using the Weight Bias Internaliza-
tion Scale (WBIS; Durso & Latner, 2008).

Practitioners also may wish to obtain a 
measure of general health-related quality 
of life. The most widely used instrument is 
the Medical Outcome Study 36-Item Short-
Form Health Survey (SF-36), which includes 
eight scales that measure domains including 
mental health, energy level, and role and 
social functioning (Ware & Sherbourne, 
1992). The SF-36 is easily scored and has 
excellent validity and reliability. An obesity-
specific quality-of-life measure also is avail-
able, the Impact of Weight on Quality of 
Life (IWQOL; Kolotkin, Head, Hamilton, 
& Tse, 1995), which is now more commonly 
used in its abbreviated form, the IWQOL—
Lite (Kolotkin & Crosby, 2002). Both ver-
sions have excellent validity and reliability. 
Higher BMI levels are associated with lower 
quality of life on all three of these mea-
sures (Kolotkin & Crosby, 2002). Physical 
complications associated with obesity (e.g., 
pain, type 2 diabetes, sleep apnea) predict 
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the greatest impairment in quality of life 
(Warkentin et al., 2014).

Mood Disorder

“Does the individual have a mood disorder 
or other psychiatric condition?” Obesity is 
associated with an increased risk of depres-
sion, particularly among women and those 
with severe (class 3) obesity (see Puhl & Pearl, 
Chapter 10, this volume). Approximately 
20% of obese women who seek weight reduc-
tion report significant symptoms of depres-
sion (Carey et al., 2014; Wadden et al., 2000), 
although fewer than 10% are likely to meet 
full criteria for a major depressive episode as 
defined by DSM-5 (American Psychiatric As-
sociation, 2013) and shown in Table 16.1.

We routinely assess mood with the BDI-II, 
although the Patient Health Questionnaire–9 
(PHQ-9) mood scale (Kroenke, Spitzer, & 
Williams, 2001) may also be used and is 
shorter. Scores of 13 or less on the BDI-II 
are generally not of clinical concern unless 
the patient reports suicidal ideation (Beck 
et al., 1996). With scores of 14 or more, we 
review some of the individual items to assess 
more fully the patient’s affect, behavior, and 
cognition and the extent to which symptoms 
of depression may be attributable to excess 
weight or recent life events (e.g., the loss of a 
relative). Scores of 29 or more indicate severe 
depression that requires professional atten-
tion. Figure 16.3 shows the distribution of 
BDI scores (at baseline) for 90 women with 
classes 1 and 2 obesity (mean BMI = 33.8 
kg/m2) who sought behavioral weight loss in 
a research trial at our clinic, as well as for 
149 women with class 3 obesity (mean BMI 
= 52.6 kg/m2) who sought bariatric surgery 
(Wadden et al., 2006). Approximately 30% 
of those with class 3 obesity reported mod-
erate to severe symptoms of depression that 
potentially would benefit from CBT and/
or pharmacotherapy, as compared to fewer 
than 10% of those with class 1 obesity.

Individuals with significant depressive 
symptoms typically have been excluded 
from behavioral weight loss trials because of 
concerns about their potential for increased 
attrition from treatment (e.g., Trief, Cibula, 
Delahanty, & Weinstock, 2014) and poorer 
weight loss outcomes. Although some studies 
have confirmed these associations (Pagoto et 

al., 2013; Trief et al., 2014), others have not 
(e.g., Elder et al., 2012). Further, depressive 
symptoms improve following weight loss 
treatment (Fabricatore et al., 2011; Pagoto 
et al., 2013), although these improvements 
may decline with weight regain over long-
term follow-up (Dawes et al., 2016).

As a whole, these findings suggest that 
depression, including major depressive dis-
order, is not an absolute contraindication to 
weight loss treatment. However, weight loss 
is not an evidence-based treatment for sig-
nificant depression, comparable to CBT or 
pharmacotherapy. We believe that best prac-
tice is to provide appropriate mental health 
referrals to patients who report clinically sig-
nificant depressive symptoms, and to discuss 
with patients the potential benefits of treat-
ing their mood symptoms prior to undertak-
ing weight loss. Depression that significantly 
impairs a person’s day-to-day functioning 
(e.g., basic self-care, attendance at work or 
school) or is accompanied by suicidal ide-
ation should be treated prior to initiating 
weight loss treatment. With individuals who 
report moderate or less severe symptoms of 
depression and who attribute their mood to 
distress about their weight, mood often im-
proves substantially with weight loss alone. 
Treatments that combine behavioral weight 
loss and CBT for depression may further im-
prove mood outcomes, but they do not en-
hance weight loss outcomes (Pagoto et al., 
2013).

Obesity is also associated with an in-
creased risk of anxiety disorders, although 
this relationship is less consistent than that 
for depression (see Puhl & Pearl, Chapter 
10, this volume). Anxiety may be less likely 
than depression to improve with weight loss 
treatment, but further study is needed (de 
Zwaan et al., 2011). Anxiety can be assessed 
informally when discussing a patient’s psy-
chological functioning and current stressors 
(Items O1–O2 and P1–P4 of the WALI). It 
also may be evaluated using measures such 
as the Generalized Anxiety Disorder–7 
(GAD-7; Spitzer, Kroenke, Williams, & 
Löwe, 2006), Beck Anxiety Inventory (BAI; 
Beck & Steer, 1990) or Hamilton Anxiety 
Rating Scale (HAM-A; Hamilton, 1959). In-
dividuals with clinically significant anxiety 
should be provided with appropriate treat-
ment referrals.
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History of Substance Abuse/Dependence

“Does the patient have a history of a sub-
stance use disorder?” The prevalence of 
substance use disorders appears to be lower 
among individuals with obesity than in the 
general population, particularly among 
women and minority patients (see Puhl & 

Pearl, Chapter 10, this volume). Patients 
with obesity who seek treatment generally 
report a very low alcohol intake, and fewer 
than 10% have a history of alcohol or other 
substance abuse or dependence (Items G3–
G4 of the WALI; King et al., 2012; Svensson 
et al., 2013; Wadden et al., 2006).

TABLE 16.1. DSM‑5 Diagnostic Criteria for Major Depressive Disorder (Single Episode 296.2X/F32.X; 
Recurrent Episode 296.3X/F33.X)
A. Five (or more) of the following symptoms have been present during the same 2-week period and 

represent a change from previous functioning; at least one of the symptoms is either (1) depressed mood 
or (2) loss of interest or pleasure.

Note: Do not include symptoms that are clearly attributable to another medical condition.

1. Depressed mood most of the day, nearly every day, as indicated by either subjective report (e.g., feels 
sad, empty, hopeless) or observation made by others (e.g., appears tearful). (Note: In children 
and adolescents, can be irritable mood.)

2. Markedly diminished interest or pleasure in all, or almost all, activities most of the day, nearly every 
day (as indicated by either subjective account or observation).

3. Significant weight loss when not dieting or weight gain (e.g., a change of more than 5% of body 
weight in a month), or decrease or increase in appetite nearly every day. (Note: In children, 
consider failure to make expected weight gain.)

4. Insomnia or hypersomnia nearly every day.
5. Psychomotor agitation or retardation nearly every day (observable by others, not merely subjective 

feelings of restlessness or being slowed down).
6. Fatigue or loss of energy nearly every day.
7. Feelings of worthlessness or excessive or inappropriate guilt (which may be delusional) nearly every 

day (not merely self-reproach or guilt about being sick).
8. Diminished ability to think or concentrate, or indecisiveness, nearly every day (either by subjective 

account or as observed by others).
9. Recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without a specific 

plan, or a suicide attempt or a specific plan for committing suicide.

B. The symptoms cause clinically significant distress or impairment in social, occupational, or other 
important areas of functioning.

C. The episode is not attributable to the physiological effects of a substance or to another medical 
condition.

Note: Criteria A–C represent a major depressive episode.

Note: Responses to a significant loss (e.g., bereavement, financial ruin, losses from a natural disaster, 
a serious medical illness or disability) may include the feelings of intense sadness, rumination about the 
loss, insomnia, poor appetite, and weight loss noted in Criterion A, which may resemble a depressive 
episode. Although such symptoms may be understandable or considered appropriate to the loss, the 
presence of a major depressive episode in addition to the normal response to a significant loss should 
also be carefully considered. This decision inevitably requires the exercise of clinical judgment based on 
the individual’s history and the cultural norms for the expression of distress in the contest of loss.

D. The occurrence of the major depressive episode is not better explained by schizoaffective disorder, 
schizophrenia, schizophreniform disorder, delusional disorder, or other specified and unspecified 
schizophrenia spectrum and other psychotic disorders.

E. There has never been a manic episode or a hypomanic episode.

Note: This exclusion does not apply if all of the manic-like or hypomanic-like episodes are substance- 
induced or are attributable to the physiological effects of another medical condition.

Note. Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. Copy-
right © 2013 American Psychiatric Association. All rights reserved.
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Correlational evidence examining the 
relationship between alcohol consump-
tion and weight has been inconsistent; data 
suggest that only heavy or frequent alcohol 
consumption is likely to contribute to over-
weight (Traversy & Chaput, 2015). Among 
individuals without current alcohol abuse, 
weight loss in behavioral programs is as-
sociated with reduced alcohol intake (Kase, 
Piers, Schaumberg, Forman, & Butryn, 
2016). Alcohol and other substance use 
problems are uncommon in persons with 
obesity but, when identified, they should be 
treated prior to weight reduction.

Physical/Sexual Abuse

“Does the patient have a history of physi-
cal/sexual abuse?” Both retrospective (e.g., 
Mason et al., 2015) and prospective longitu-
dinal studies (e.g., Bentley & Widom, 2009) 
suggest a relationship between abuse in 
childhood or adolescence and higher adult 
body weight. Few data are available con-

cerning the effect of an abuse history on be-
havioral weight loss outcomes. Felitti (1993) 
found that women with a history of sexual 
abuse were more likely to terminate weight 
reduction therapy prematurely, and King, 
Clark, and Pera (1996) found that such in-
dividuals reported more episodes of dietary 
nonadherence, and they lost less weight. 
These effects may occur because some indi-
viduals with an abuse history perceive excess 
weight as a protective factor and feel anx-
ious or vulnerable as a result of weight loss 
(Felitti, 1993). The impact of abuse history 
on weight loss has been investigated more 
extensively in individuals seeking bariatric 
surgery. Individuals with such a history, 
compared to those without, lose less weight, 
but this effect is small and does not prevent 
these patients from benefiting from the sur-
gery (Steinig, Wagner, Shang, Dölemeyer, & 
Kersting, 2012).

The WALI includes two items that inquire 
about a history of sexual or physical abuse 
(see items 08–09). More comprehensive 

FIGURE 16.3. Depression among women with class 3 versus classes 1 and 2 obesity. The figure shows 
the percentage of women with class 3 versus classes 1 and 2 obesity who reported minimal (0–13), mild 
(14–19), moderate (20–28), and severe (29–63) symptoms of depression, based on BDI-II score. Data 
from Wadden et al. (2006).
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measures such as the Childhood Trauma 
Questionnaire (CTQ; Bernstein & Fink, 
1998), and its abbreviated form (CTQ-SF; 
Bernstein et al., 2003), have demonstrated 
good psychometric properties for assessing 
diverse forms of childhood maltreatment. 
When patients respond “yes” on the ques-
tionnaire to having been abused, we usually 
state, “You indicated that you have been 
sexually/physically abused. Did you receive 
any counseling or other help?” With patients 
who have received treatment, we ask the ex-
tent to which they feel that they have recov-
ered from the abuse. Those who report that 
they have never received counseling require 
greater attention. A small minority of pa-
tients report that they have never discussed 
their abuse with anyone over the course of 
many years. Some experience great sadness, 
pain, remorse, anger, or resentment as they 
describe what had happened. We always en-
courage these patients to obtain counseling. 
Some decline, stating that they have moved 
on and do not wish to revisit those events. 
Others express the belief that treatment will 
not help or may create problems if family 
members find out. We acknowledge these 
concerns, but reiterate that professional as-
sistance can be helpful. We provide appro-
priate referrals and encourage patients to 
take a few days to think things over. We also 
encourage patients to call us if they find that 
they remain upset as a result of their disclo-
sure.

Physical or sexual abuse is not a contra-
indication to weight reduction, although it 
is possible that this history may affect pa-
tients’ experiences in treatment, as described 
above. The key concern with sexual abuse, 
as it is with depression or other psychiatric 
conditions, is to ensure that individuals with 
obesity receive the care they need. This is the 
same care that would be provided to people 
of average weight.

Summarizing Social/Psychological Factors
The great majority of individuals with obe-
sity in the general population have essen-
tially normal psychological functioning (see 
Puhl & Pearl, Chapter 10, this volume). A 
minority of patients who seek weight reduc-
tion have a psychiatric condition that may 
benefit from psychological intervention. For 

most patients with BED, depressive disor-
ders, anxiety disorders, or body image dis-
turbance, we discuss the potential benefits 
of psychological or pharmacological inter-
vention. However, weight reduction usually 
is possible in the absence of adjunctive psy-
chiatric care.

For the small minority of patients with 
severe depressive symptoms, current sub-
stance abuse, or other problems that present 
a safety risk or may interfere with success-
ful weight loss, we recommend psychiatric 
treatment prior to attempting weight loss. 
In talking with such a patient, the practitio-
ner might explain, “You seem to be having 
a hard time now. Your mood is blue. You 
are having trouble sleeping and concentrat-
ing. Activities that used to be pleasurable 
no longer are, and you are having trouble 
getting up the energy to do everyday things 
like taking care of the house and going to 
work. These are symptoms of depression.” 
The practitioner should check the patient’s 
response to this feedback and continue: “I 
know you want to lose weight, and you will 
be able to. But it will be much easier to lose 
weight, and to start enjoying life again, if 
we first help you feel better. There are effec-
tive treatments for symptoms of depression 
that include talking with someone or taking 
medicine.” Patients often are disappointed 
when informed that weight reduction should 
be delayed until they receive treatment for 
their mood or other disorder. We commu-
nicate our belief that they will be more suc-
cessful with weight control, as well as with 
other aspects of daily life, after getting the 
care they need.

Temporal Factors

This section of the assessment is an exten-
sion of the social/psychological evaluation 
and inquires about the timing of the planned 
weight loss effort. It seeks to answer two 
principal questions.

Timing of Weight Loss
“Why has the patient decided to lose weight 
now?” Although this question may be an-
swered perfunctorily (e.g., “Because I’m 
overweight and want to weigh less”), the 
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practitioner should remember that the pa-
tient probably has been obese for many 
months, if not years. In all likelihood, some-
thing has happened recently to motivate the 
individual to lose weight. Individuals who 
are overweight seek weight loss for a vari-
ety of reasons. These include physical health 
concerns, distress about their appearance, 
feeling that their eating is out of control, 
prompting by a partner or employer, or the 
desire to reclaim aspects of their identity 
that had been submerged by the demands of 
raising a family. In some cases, patients have 
experienced disappointment, sadness, anger, 
or other feelings, which should be examined 
before weight loss is initiated. Discussion of 
these experiences will illuminate such pa-
tients’ psychosocial goals for weight reduc-
tion, as discussed previously.

Favorable Time for Weight Loss
“Is this a favorable time to lose weight?” 
Successful weight reduction requires time, 
effort, and sustained concentration and mo-
tivation. Ideally, a patient should be rela-
tively free of major life stressors. We have 
found that protracted stress in intimate or 
professional relationships, as well as life cri-
ses (e.g., death of a parent, financial or legal 
problems), may disrupt patients’ weight re-
duction efforts (Wadden & Letizia, 1992). 
In one study, patients who discontinued 
treatment during the first 2 months of a 
multicenter trial endorsed more stressors at 
baseline (as measured by items P1–P4 of the 
WALI) than persons who remained in treat-
ment. The distinguishing stressors were “re-
lationship with significant other,” “events 
related to parents,” and “financial or legal 
difficulties” (Wadden & Letizia, 1992). Two 
recent studies found that individuals who 
scored high on the Perceived Stress Scale 
(PSS; Cohen, Kamarck, & Mermelstein, 
1983), which measures the subjective level 
of stress in the past month, lost less weight 
than those with lower scores (Elder et al., 
2012; Trief et al., 2014).

Persons who report that they are expe-
riencing high stress, as compared to their 
usual levels, should consider delaying weight 
reduction until the stressor has passed. For 
example, an accountant might wait until 
after tax season to lose weight, or a par-

ent of three young children might wait until 
after his or her kitchen remodeling has been 
completed. The goal during the interlude is 
to maintain a stable body weight. If, how-
ever, patients with stressful lives insist that 
they can meet the demands of treatment, we 
usually defer to their judgment. Some report 
that weight is the one thing they can con-
trol in a life that otherwise feels out of con-
trol. Interventions that combine behavioral 
weight loss with stress management may be 
of particular benefit to such patients (e.g., 
Cox et al., 2013).

The patient’s travel and vacation sched-
ules should also be considered. Preferably, 
the individual should have a 2- to 3-month 
block of time in which to participate in 
treatment regularly. If a behavioral interven-
tion is to be used, the individual should be 
able to participate in counseling sessions in 
person or by phone at least every other week 
and preferably on a weekly basis. It is criti-
cal that patients get off to a successful start, 
which is facilitated by continuity of care 
during the first few months. Initial success 
(with weight loss) is associated with long-
term success (e.g., Unick et al., 2015). False 
starts are demoralizing to both patients and 
providers and are often the result of missed 
visits early in treatment.

Summarizing Temporal Factors
Patients who seek weight reduction are usu-
ally “ready” for treatment, as reflected by 
their having taken the initiative to contact a 
health care provider. Thus it is not surpris-
ing, in this self-selected sample, that self-re-
port measures of weight loss readiness gen-
erally do not predict attrition or weight loss 
(Casazza et al., 2013). Behavioral indicators, 
such as completion of food records during 
the first weeks, may be a better marker of 
future success (Tsai et al., 2014). Practitio-
ners should determine that a patient has 
selected a propitious time to lose weight. In 
the minority of cases in which timing does 
not appear favorable, the practitioner might 
remark, “You clearly are motivated to lose 
weight and have given this a lot of thought. 
As we look at the next month, however, 
it seems that you’re going to be very busy. 
What do you think about waiting until after 
your business trip to begin your program? 
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Your goal until that time would be to main-
tain a stable weight.”

A greater challenge, particularly for pri-
mary care practitioners, is to motivate pa-
tients who appear to be uninterested in 
weight control, either because they have 
made previous unsuccessful attempts or be-
cause they do not believe that obesity is a se-
rious problem. Motivational interviewing, in 
comparison to usual care, has been shown to 
enhance weight loss (Armstrong et al., 2011), 
and practitioners can borrow from this ap-
proach to elicit patients’ curiosity about 
their inconsistent or contradictory behavior. 
With those who feel frustrated with weight 
loss, the practitioner might acknowledge, 
“I know how frustrated you are with your 
weight. You have worked so hard on it. I ad-
mire your efforts to improve your weight and 
health. There are some new approaches that 
could be of help to you. I would be pleased to 
discuss them, if you would like.” With indi-
viduals who appear unconcerned about their 
weight, a different approach may be useful: 
“You seem like a person who’s determined 
to be successful in life. I’m sure you’ve heard 
that carrying extra weight can affect your 
health and get in the way of your goals. Tell 
me why you’re not more interested in your 
weight.” As the patient describes the reasons 
for his or her ambivalence, the practitioner 
can look for opportunities to highlight the 
patient’s own reasons for changing behaviors 
that affect his or her weight.

Identifying Treatment Goals

We conclude the behavioral assessment by 
briefly summarizing what we have learned 
about contributors to the patient’s obesity, 
about the individual’s psychosocial status, 
and concerning the timing of the current 
weight loss effort. In summarizing the inter-
view, we might highlight the biological and 
environmental factors that potentially have 
contributed to the patient’s obesity and in-
dicate (when applicable) that the individual 
has previously worked hard to change eat-
ing and activity habits and has lost weight. 
We also highlight the potential influence of 
psychosocial and health factors on pursuing 
weight loss at this time. Patients should be 
encouraged to ask questions or to comment.

Identifying Goals of Treatment
Patient and practitioner are likely to have 
discussed the patient’s goals of treatment 
throughout the interview. However, these 
should be clarified. Many individuals with 
obesity seek weight loss as a means to an-
other goal, and patients may have implicit 
assumptions or desires that need to be artic-
ulated. The most commonly cited goals for 
pursuing weight loss are to improve health 
and/or appearance (e.g., LaRose, Leahey, 
Hill, & Wing, 2013). Many individuals 
specify that they seek to improve a particu-
lar health condition, their mobility, or their 
energy level. Others hope that weight loss 
will improve their social life, self-esteem, 
body image, or a failing marriage. If these 
goals are articulated at the outset of treat-
ment, the patient and practitioner can evalu-
ate whether they are realistic. If necessary, 
additional interventions can be planned to 
achieve these goals.

We often ask patients to rate (on a 1–10 
scale) the likelihood that they will obtain 
the desired psychosocial outcomes if they 
lose weight. We also ask how much weight 
they think they need to lose to achieve these 
outcomes, and whether weight loss on pre-
vious occasions yielded the benefits desired. 
We inform patients that weight loss typical-
ly does not change personality or intimate 
relationships. It may improve body image, 
self-esteem, or mood, but these events are 
also influenced by factors other than weight 
(Blaine, Rodman, & Newman, 2007). Thus, 
if changes in these areas are the principal 
ones desired, the patient should consider the 
benefits of CBT, interpersonal psychothera-
py, or other interventions. Body image, for 
example, improves with CBT in the absence 
of weight loss (Jarry & Ip, 2005).

By contrast, weight loss reliably improves 
health complications of obesity, includ-
ing hypertension, hyperlipidemia, and type 
2 diabetes (Jensen et al., 2014). Losses of 
5–10% of initial weight are sufficient to 
improve these disorders, although larger 
losses usually have a greater impact (Gloy et 
al., 2013; Jensen et al., 2014; Wing et al., 
2011). Patients also achieve improvements 
in physical function (Herring et al., 2016) 
and reductions in medication use (Gloy et 
al., 2013). In addition to health changes, we 
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ask patients to think of changes in quality of 
life that they seek as a result of weight loss. 
These might include climbing stairs more 
easily, having more energy to play with chil-
dren or grandchildren, or being able to enjoy 
tennis, swimming, or other sports again. 
Weight loss reliably improves health-related 
quality of life (Jensen et al., 2014). We sug-
gest that patients measure their success, in 
large part, by the extent to which they reach 
these lifestyle goals.

Weight Loss Goals
The approach described above encourages 
patients to focus on non-weight-related out-
comes in lieu of a particular goal weight. 
Nevertheless, it is important to discuss pa-
tients’ weight loss goals; almost all patients 
have them, even if they do not make them 
explicit. In a memorable study, Foster, Wad-
den, Vogt, and Brewer (1997) first described 
women’s goals of losing approximately one-
third of their initial body weight (from a 
BMI of 36 kg/m2). Weight loss goals have 
decreased in recent years, but individuals 
still wish to lose 20–25% of starting weight 
with nonsurgical interventions (Lent et al., 
2016), even when they are informed that 
they should expect to lose 5–15% (Fabrica-
tore et al., 2007). These elevated goals do 
not appear to be harmful, with most studies 
showing no relationship between patients’ 
goals and actual weight lost. Some studies 
suggest that individuals with larger goals 
may lose more weight (Lent et al., 2016). 
In addition, after moderate weight loss (i.e., 
5–15%), patients report experiencing greater 
physical, social, and psychological benefits 
than they had anticipated (Fabricatore et al., 
2007; Foster et al., 1997).

Practitioners should underscore that a 
weight loss of 5–15% of initial weight—the 
amount the great majority of patients will 
lose—is a treatment success and is sufficient 
to improve both health and appearance con-
cerns. We might remark, “Typically, people 
participating in a program like this one will 
lose 5–15% of their initial weight. At your 
weight of 260 pounds, that would be a loss 
of 13–39 pounds. What do you think of a 
loss of that amount?” Some patients may 
be discouraged by the practitioner’s sugges-
tion of a relatively modest weight loss. Oth-

ers may simply insist that they plan to lose 
much more. As indicated, there is no need 
to convince the patient that a weight loss of 
greater than 15% is not possible. Indeed, 
some individuals can achieve and main-
tain losses of 20–30% of initial weight, as 
shown by the National Weight Control Reg-
istry (Thomas, Bond, Phelan, Hill, & Wing, 
2014). We often say to patients that if they 
are to achieve a larger weight loss, they will 
first need to lose 5%, and that focusing on 
that amount will be a good start.

Selecting the Best Treatment
Reviewing Treatment Options
Following the discussion of the patient’s 
goals of weight reduction, we review treat-
ment options. This discussion is guided by an 
algorithm provided by the 2013 AHA/ACC/
TOS guidelines, which recommends treat-
ment based upon the patient’s BMI, associ-
ated risk factors, and history of weight con-
trol efforts (Jensen et al., 2014). As a general 
rule, more intensive therapy is recommended 
for individuals with higher BMIs and with 
greater risk of health complications. Thus 
we might discuss the option of bariatric sur-
gery with persons whose BMI is above 40 
kg/m2 (or ≥ 35 kg/m2 with comorbid con-
ditions) and who have lost and regained 
weight repeatedly. A portion-controlled diet, 
followed by long-term pharmacotherapy for 
obesity, may be appropriate for people who 
are uncomfortable with bariatric surgery. 
At the other end of the continuum, patients 
with BMIs under 30 kg/m2 who are free of 
health complications may be advised to eat 
more fruits and vegetables, reduce sweets or 
salty snacks, and increase their physical ac-
tivity. Depending on the individual’s wishes, 
the goal for such patients will either be to 
prevent weight gain or to lose weight. Selec-
tion of treatment is discussed more fully in 
Wadden et al. (Chapter 17, this volume).

Overview of the Course of Treatment
This section of the interview concludes by 
providing patients with an overview of the 
course of treatment selected. This includes 
discussing the duration and frequency of 
treatment visits during the first 6 months; 
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the assignments patients will be asked to 
complete (e.g., keeping food and activity 
logs); and the expected results of therapy, 
including weight loss and improvements in 
physical and psychosocial status. If a life-
style intervention is selected, patients are in-
formed that they will need to devote about 
30 minutes a day to their weight control reg-
imen. Patients are encouraged to ask ques-
tions about the proposed course of treat-
ment. At the conclusion, we ask, “Knowing 
what you do about the proposed treatment, 
how confident are you that you can adhere to 
the program?” Patients give a number from 
1 to 10 in which 1 is “not at all confident” 
and 10 is “extremely confident.” For num-
bers less than 8, we inquire, “What skills do 
you need to acquire to feel more confident?” 
In short, we want to ensure that patients 
begin treatment with adequate weight loss 
self-efficacy, given that self-efficacy is one of 
the few consistent predictors of weight loss 
(Burke et al., 2015).

Evaluation of Bariatric Surgery Patients

A 1991 consensus conference recommended 
that bariatric surgery candidates undergo 
a behavioral (psychological/psychiatric) as-
sessment (NIH Conference, 1991), which is 
now required by many insurance companies. 
There is no standardized procedure for this 
assessment (Fabricatore et al., 2006), al-
though several groups have described their 
approaches (e.g., Mechanick et al., 2013; 
Sogg, Lauretti, & West-Smith, 2016; Wad-
den & Sarwer, 2006).

Our assessment of bariatric surgery can-
didates follows the BEST Treatment model 
described previously, with minor modifica-
tions (Wadden & Sarwer, 2006). For many 
patients, this assessment represents their 
first meeting with a mental health provider, 
and some report (often with relief at the end 
of the assessment) that they had been quite 
nervous about the appointment. We there-
fore take time from the outset to describe 
the purpose of the meeting: “Today we’ll 
talk with you about your weight and diet-
ing histories, why you have decided to seek 
bariatric surgery, and what you are doing 
now to prepare for surgery. We want to help 
you decide whether the surgery is the right 

choice for you and to make sure that you 
have the support you’ll need to be successful 
if you choose to move forward.” We often 
begin the interview by asking which surgical 
procedure the patient plans to undergo and 
use this discussion as a means of assessing 
the patient’s understanding of the procedure 
and his or her knowledge of its risks and 
benefits.

Biological Considerations
Most bariatric surgery candidates have an 
early age of onset of their obesity and a 
marked family history of obesity (Crerand 
et al., 2006), suggesting a significant genetic 
predisposition to this condition. We discuss 
this predisposition with patients, trying to 
allay feelings of shame or blame in candi-
dates who believe their obesity is attribut-
able solely to lack of willpower or poor eat-
ing and activity habits.

Because bariatric surgery is considered 
a last option when other treatments have 
failed, we pay particular attention to wheth-
er the patient has participated in organized 
weight loss programs or received pharmaco-
therapy. For the minority of individuals who 
have made no significant previous attempts 
to lose weight—and do not present with sig-
nificant comorbidity—we recommend life-
style intervention or pharmacotherapy prior 
to pursuing surgery. However, in cases in 
which patients report that they cannot af-
ford these treatments, we recommend that 
they practice postoperative dietary changes 
for several months before surgery, ideally 
resulting in weight loss (Wadden & Sarwer, 
2006).

Environmental Considerations
Assessment of environmental factors in-
cludes both the patients’ typical eating pat-
terns and their progress in practicing the 
eating behaviors required after surgery. The 
latter may include making healthier choices, 
eating five small meals per day, separating 
eating from drinking, eating slowly, and 
chewing food thoroughly (Laurenius et al., 
2012; Sarwer et al., 2008). We review the 
rationales behind these behaviors with the 
patient, emphasizing their importance to 
postsurgical success, and refer the patient to 
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the program’s dietitian, as needed, for fur-
ther support.

Social/Psychological Considerations
Psychiatric problems such as depression and 
BED are more prevalent among individuals 
seeking bariatric surgery than in the gen-
eral population of individuals with obesity. 
A recent meta-analysis reported that 19% 
(95% CI: 15–31%) of these individuals had 
a depressive disorder and 17% (95% CI: 13–
21%) had BED (Dawes et al., 2016). There 
does not appear to be a consistent relation-
ship between preoperative depression or BED 
and postoperative weight loss at follow-up 
ranging from 6 to 60 months (Dawes et al., 
2016; Livhits et al., 2012). The prevalence 
of both conditions is significantly reduced 
after bariatric surgery, although symptoms 
may increase at later follow-up assessments 
(Dawes et al., 2016).

We note that the risk of suicide and other 
self-harm behaviors in these patients is very 
low in absolute numbers, but may increase 
in the years after bariatric surgery (Bhatti 
et al., 2016; Dawes et al., 2016). The data 
on risk factors for suicide are very limited 
because of the low prevalence of these be-
haviors, and because the majority of studies 
have relied on state or medical records that 
do not include relevant covariates. One study 
found that a history of psychiatric diagnosis 
was associated with incidence of self-harm 
after bariatric surgery (Bhatti et al., 2016).

Substance and alcohol use disorders are 
rare among patients seeking bariatric sur-
gery (e.g., 1% to 4%, Dawes et al., 2016). 
Moderate alcohol consumption prior to sur-
gery does not reduce postoperative weight 
loss (Livhits et al., 2012). Some investigators 
have raised concerns that alcohol consump-
tion may increase after surgery, a purported 
form of addiction transfer (Steffen, Engel, 
Wonderlich, Pollert, & Sondag, 2015). Cur-
rent data suggest minimal risk of this oc-
currence for most patients, with over 93% 
consistently reporting low-risk alcohol con-
sumption over a 10-year follow-up period 
(Svensson et al., 2013). For a small minor-
ity of individuals, alcohol consumption may 
increase after bariatric surgery, particularly 
with gastric bypass (King et al., 2012; Svens-
son et al., 2013). However, one study high-

lighted that this is a mixed effect, with as 
many individuals discontinuing high-risk 
drinking following surgery as are develop-
ing new onset of this behavior (Wee et al., 
2014). Patients who are male, younger in 
age, smokers, or who regularly drink alcohol 
prior to surgery have a higher risk of devel-
oping an alcohol use disorder after surgery 
(King et al., 2012; Svensson et al., 2013). 
They should be cautioned to limit postsurgi-
cal alcohol consumption, particularly with 
gastric bypass.

Most psychiatric conditions are not ab-
solute contraindications to surgery. How-
ever, we discuss their potential effect on 
patients’ general well-being, as well as on 
their adherence to the postoperative diet, 
and provide treatment referrals as appropri-
ate. About one-third of candidates receive 
recommendations for adjunctive psychiatric 
care, which is considered to be of potential 
benefit but optional for patients (Wadden 
& Sarwer, 2006). There is not a sufficient 
evidence base to show that such care is in-
tegral to a successful surgical outcome. Pa-
tients may decline our recommendations 
and proceed to surgery. By contrast, for the 
minority of individuals who report recent 
suicidal ideation, active symptoms of severe 
depression, bulimia, psychosis, or substance 
abuse—about 5–10% of our surgery candi-
dates (Wadden & Sarwer, 2006)—we refer 
them to mental health services and schedule 
a follow-up assessment after 3–6 months 
of psychiatric treatment. For persons who 
are receiving mental health treatment at the 
time of their assessment, we obtain permis-
sion to contact their practitioner to obtain 
the provider’s impressions of the patient’s 
mental health and ability to adhere to the 
behavior changes required with surgery. As 
discussed above, we also caution patients 
regarding postsurgical consumption of alco-
hol and direct those with a history of psy-
chiatric disorder to contact their medical or 
mental health providers if they experience a 
deterioration in mood after the surgery.

Timing Considerations
As with behavioral weight loss, the timing 
of a patient’s surgery can be important to 
his or her success. In addition to the factors 
described previously, we discuss whether the 
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patient will be able to take time off from 
work (ideally 3– 6 weeks) to undergo and re-
cover from the operation and establish new 
lifestyle habits. We also assess whether fam-
ily members and friends are supportive of 
the patient’s desire to have surgery and can 
assist him or her with transportation, child 
care, or other activities of daily living during 
recovery from the surgery.

Concluding the Presurgical 
Behavioral Assessment
After summarizing what we have learned 
about the patient, we review our findings 
and provide a written list of our recommen-
dations, many of which will have been dis-
cussed during the assessment. We also indi-
cate that we will provide the surgical team 
with a letter that summarizes our findings 
and recommendations (sample copies are in-
cluded at the end of this chapter in Appendix 
16.1). We encourage patients to contact us 
(or their surgical team) if they are in need of 
assistance and wish them success with their 
treatment.

Conducting the Behavioral Assessment

The behavioral assessment requires a practi-
tioner to obtain a formidable amount of in-
formation in a brief period. In addition, the 
clinician must convey interest in the patient 
by giving the individual ample opportunity 
to raise questions and concerns. As noted 
above, we send patients (by mail or email) 
the BDI-II and WALI prior to the behavioral 
assessment and have them bring the com-
pleted materials to the appointment. In as 
few as 2 minutes, prior to meeting a patient, 
we can review the materials and determine 
the areas that need significant attention. 
We have observed informally that patients’ 
completion of questionnaires and punctual 
attendance at the initial interview are mark-
ers for adherence and attendance during 
behavioral weight loss treatment. Persons 
who do not complete the questionnaires sat-
isfactorily often dislike and do not complete 
the diet diaries and other homework assign-
ments. This potential problem should be ad-
dressed with patients during the behavioral 
assessment.

Some patients come to the behavioral as-
sessment feeling anxious. They feel ashamed 
of their inability to control their weight and 
worry that they will fail in treatment again. 
They also may wonder whether a practitioner 
will be sensitive to their problems and treat 
them respectfully, or instead will be critical 
of their apparent shortcomings. Thus, the 
health care provider should be aware that 
patients use the interview to conduct their 
own assessments of the practitioner.

We try to ensure that patients leave the 
behavioral assessment having learned some-
thing new about the nature and causes of 
their weight problem. They should also leave 
with a clear understanding of the course of 
the proposed treatment, if weight reduction 
is to be undertaken, and what they will need 
to do to be successful.

Finally, we hope that patients leave feel-
ing that they have been treated with respect 
and understanding. It is hard to grasp, in 
only 60 minutes, the many years of effort 
that most persons with obesity have already 
devoted to weight control. So many have ex-
perienced sadness and frustration each time 
they lost and regained weight, in full view of 
family, friends, and coworkers. Few health 
problems are as public as obesity. Practitio-
ners must look to the future to renew their 
patients’ hope with the promise of new treat-
ments. But they must also look to the past 
with respect and admiration for the individ-
uals’ previous efforts.
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APPENDIX 16.1. Sample Letters 
Summarizing Presurgical Behavioral 
Assessment Findings and 
Recommendations
Mr. John Doe

May 1, 2017

James Smith, M.D.
Metabolic & Bariatric Surgery Program

RE: Mr. John Doe
DOB: 11/01/1966

Dear Dr. Smith:

I had the pleasure of meeting today with Mr. 
John Doe, whom you referred for a behavioral as-
sessment of his appropriateness for bariatric sur-
gery. Mr. Doe is a 50-year-old white male, with a 
height of 6′1″ and weight of 339.4 lb., yielding a 
BMI of 44.8 kg/m2. Mr. Doe is married and has 
three children, ages 11–19 years. He lives with 
his family and works as a security guard.

Biological Factors

Mr. Doe reported being overweight since age 15 
years. He stated that his weight has increased 
gradually over time and that he is currently at 
his highest weight. Mr. Doe reported that his fa-
ther, paternal grandparents, and sister are obese. 
He described his mother as overweight and his 
maternal grandmother and brother as normal 
weight.

Mr. Doe’s adolescent onset and family history 
of obesity provide strong evidence for a biologi-
cal predisposition to obesity.

Environmental Factors

Mr. Doe reported that problems with overeating 
at dinnertime, frequent snacking, and not feeling 
full after eating have contributed to his weight 
gain. He also reported frequently eating high-fat 
foods (e.g., fast food, cheesesteaks, pizza), which 
likely contributed. He reported no history of 
night eating, binge eating, or inappropriate com-
pensatory behaviors.

Mr. Doe eats two to three meals per day with 
two to three snacks. He eats out approximately 
once per week. He is attending Medical Weight 
Management visits and has started to change his 
eating habits, including chewing his food thor-
oughly, separating his meals from drinks, and 
slowing his rate of eating. He has also increased 
his consumption of lean meats, fruits, and vege-
tables. He walks on 3–4 days per week for 20–40 

minutes per bout. Of note, he has lost 8 lb. since 
beginning the bariatric surgery program.

Mr. Doe has engaged in previous behavioral 
weight loss attempts starting at age 35 years. 
These approaches have consisted of self-directed 
dieting (e.g., making healthier choices, reducing 
snacking), commercial programs (e.g., Weight 
Watchers), and increased exercise. He has also 
tried over-the-counter weight loss supplements. 
He lost up to 25 lb. with these attempts but was 
unable to maintain these losses.

In summary, Mr. Doe’s history of frequently 
eating high-fat foods, overeating at dinnertime, 
frequent snacking, and not feeling full after eat-
ing have likely contributed to his weight gain. 
He has made adequate progress with behavior 
changes in preparation for the surgery.

Social/Psychological Factors

Mr. Doe reported no history of depression or 
anxiety. His Beck Depression Inventory–II score 
of 6 suggested minimal symptoms of depressed 
mood. He did not report any suicidal ideation. 
He reported no history of psychological treat-
ment.

Mr. Doe reported no history of drug use or 
cigarette smoking. He rarely drinks alcohol 
(three or four times per year). During the inter-
view, he was oriented to time, place, and person. 
He appears to be an appropriate candidate from 
a psychosocial perspective.

Timing

Mr. Doe has been considering bariatric surgery 
for the past 2 years. He reported that his family is 
supportive of his receiving bariatric surgery and 
that his wife is also preparing to have the sur-
gery. He reported an average level of stress over 
the past 6 months. He indicated that he will be 
able to take time off from work to focus on his 
recovery following the surgery. Mr. Doe had an 
adequate understanding of the postoperative diet 
and is looking forward to surgery to improve his 
health, to reduce medication usage, to be more 
active with his children, and to extend life. Over-
all, the timing seems appropriate.

Summary

Mr. Doe appears to be an appropriate candidate 
for bariatric surgery from a behavioral perspec-
tive. I recommended that he continue to make 
healthier choices, eat his meals consistently 
throughout the day, chew his foods thorough-
ly, slow the pace of his eating, and separate his 
meals from drinks. I provided Mr. Doe with on-
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line resources to assist with nutrition education 
and to supplement his surgery support network.

These recommendations were discussed with 
him and presented in writing. Mr. Doe appeared 
to be in agreement with them. Please call me if 
you have any questions regarding the patient.

Diagnosis:
E66.01 Extreme obesity

Ms. Jane Doe

May 1, 2017

James Smith, M.D.
Metabolic & Bariatric Surgery Program

RE: Ms. Jane Doe
DOB: 02/01/1975

Dear Dr. Smith:

I had the pleasure of meeting today with Ms. 
Jane Doe, whom you referred for a behavioral as-
sessment of her appropriateness for bariatric sur-
gery. Ms. Doe is a 42-year-old, African Ameri-
can woman, with a height of 5′1″ and weight of 
238.0 lb., yielding a BMI of 45.0 kg/m2. Ms. Doe 
is separated and has three children, aged 8, 14, 
and 17 years. She is not currently working and is 
seeking disability secondary to injuries sustained 
in a 2015 accident.

Biological Factors

Ms. Doe reported being overweight since age 
25 years. She stated that her weight increased 
gradually over time, with larger gains follow-
ing her third pregnancy. She indicated that she 
was recently at her highest weight of 247 lb. Ms. 
Doe reported that her father, paternal grandpar-
ents, maternal grandfather, and three siblings 
are obese. She indicated that one sister has had 
bariatric surgery. She described her mother, ma-
ternal grandmother, and two other siblings as 
normal weight.

Ms. Doe’s family history provides strong evi-
dence for a biological predisposition to obesity.

Environmental Factors

Ms. Doe reported that problems with frequent 
overeating, eating in response to cravings, and 
emotional eating have contributed to her weight 
gain. She reported no history of binge eating, 
inappropriate compensatory behaviors, or night 
eating.

Ms. Doe consumes two to three meals per day 
with one snack. She eats out approximately three 

times per week. She is attending Medical Weight 
Management and has started to chew her food 
thoroughly, separate her meals from drinks, and 
slow her rate of eating. Her physical activity is 
limited due to shoulder, neck, and back pain re-
sulting from a 2015 injury. She currently engages 
in lifestyle activity.

Ms. Doe has engaged in previous behavioral 
weight loss attempts starting at age 35 years. 
These approaches have consisted of self-directed 
diets (e.g., reducing portion sizes) and exercise. 
She has also tried Weight Watchers, Jenny Craig, 
and weight loss supplements (e.g., Herbalife). She 
lost up to 25 lb. with these attempts but was un-
able to maintain these losses.

In summary, Ms. Doe’s history of frequent 
overeating, eating in response to cravings, emo-
tional eating, and limited physical activity have 
likely contributed to her weight gain. She has 
made adequate progress with behavior changes 
in preparation for the surgery.

Social/Psychological Factors

Ms. Doe reported financial stress over the past 
year as a result of being unable to work due to 
injuries sustained in a car accident. Currently, 
she is having difficulty paying her rent and buy-
ing food for herself and her children. She also re-
ported stress related to problems with one of her 
children. As a result of these stressors, Ms. Doe 
is experiencing difficulty sleeping, worry, and 
depressed mood. Her Beck Depression Inven-
tory–II score of 29 suggested moderate-to-severe 
symptoms of depressed mood. She did not report 
suicidal ideation or behavior. She reported that 
she and one of her children were seeing a thera-
pist at the Mental Health Center; however, they 
stopped attending treatment 3 months ago due to 
the therapist’s inattentive behavior.

Ms. Doe reported no history of drug abuse. She 
quit smoking cigarettes 15 years ago. She rarely 
drinks alcohol (two to three times per year).

Ms. Doe is experiencing stressors and symp-
toms of major depression. Her depression is not 
adequately treated at this time and could inter-
fere with her adherence to postoperative rec-
ommendations. I recommended that she seek a 
psychiatric consultation, and I provided several 
referral options.

Timing

Ms. Doe reported that her children are support-
ive of her receiving bariatric surgery. She report-
ed an above-average level of stress over the past 
6 months, which she attributed to the stressors 
described above. She is not currently working, so 
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she will be able to focus on her recovery follow-
ing the surgery. Ms. Doe had an adequate un-
derstanding of the postoperative diet and is look-
ing forward to surgery to improve her health, 
energy, and appearance. However, due to her 
current major depressive episode, I believe Ms. 
Doe should seek psychiatric care (or other mental 
health counseling) before undergoing bariatric 
surgery.

Summary

In many ways, Ms. Doe appears to be an ap-
propriate candidate for bariatric surgery from a 
behavioral perspective. However, she currently 
appears to be experiencing a major depressive 
episode, as well as financial and family stress-
ors that may affect her ability to adhere to the 
postoperative meal plan. I recommended that she 
seek psychiatric consultation and provided her 
with several options. I will follow up with Ms. 

Doe by phone in 2 weeks to discuss her progress 
with obtaining such care. I will also reevaluate 
Ms. Doe’s mood and adjustment in a minimum 
of 3 months, following her final Medical Weight 
Management appointment.

In the meanwhile, I recommended that Ms. 
Doe continue to eat her meals consistently 
throughout the day, make healthier choices, 
chew her food thoroughly, slow the pace of her 
eating, and separate her meals from drinks. I 
provided Ms. Doe with online resources to assist 
with nutrition education and to supplement her 
surgery support network.

These recommendations were discussed with 
her and presented in writing. Ms. Doe appeared 
to be in agreement with them. Please call me if 
you have any questions regarding the patient.

Diagnoses:
F32.1 Major depressive episode
E66.01 Extreme obesity
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The first edition of this handbook appeared 
in 2002, 4 years after the publication of the 
Clinical Guidelines on the Identification, 
Evaluation, and Treatment of Overweight 
and Obesity in Adults: The Evidence Report 
(National Heart, Lung, and Blood Institute 
[NHLBI], 1998). This was a far-reaching re-
port that provided practitioners with a broad 
summary of what was known about the eti-
ology, consequences, assessment, and treat-
ment of overweight and obesity. The treat-
ment recommendations were based upon a 
thorough consideration of both the scientific 
literature and expert clinical opinion.

The second edition of this handbook ap-
pears 4 years after publication of the revised 
NHLBI guidelines, which were issued by 
a joint committee of the American Heart 
Association/American College of Cardiol-
ogy/The Obesity Society (AHA/ACA/TOS; 
Jensen et al., 2014). In 2008, NHLBI lead-
ership initiated the revision of the original 
guidelines and actively supported the review 
through 2012. However, the NHLBI ulti-
mately opted for the update to be published 
and disseminated by the three professional 
societies identified. Titled “Guidelines for 
the Evaluation and Treatment of Over-

weight and Obesity in Adults,” the revised 
document provided a systematic review of 
five critical questions and employed very 
stringent analytical methods. The resulting 
guidelines, as compared with those from 
1998, yielded greater clarity and certainty 
about the five main areas reviewed—but, by 
design, omitted numerous topics, including 
pharmacotherapy and emerging weight loss 
devices for obesity.

This chapter provides an overview of op-
tions for the treatment of overweight and 
obesity, drawing upon the collective recom-
mendations of the 1998 and 2014 NHLBI-
related guidelines, as well as those from the 
Endocrine Society (Apovian et al., 2015), 
the National Institute for Health and Care 
Excellence (NICE; 2014), and the American 
Association of Clinical Endocrinologists/
American College of Endocrinology (Gar-
vey et al., 2016). Additional guidance is con-
sidered from the Canadian Clinical Practice 
Guidelines (Lau & Obesity Canada Clinical 
Practice Guidelines, 2007) and expert pan-
els from the Department of Veterans Affairs/
Department of Defense (VA/DoD, 2014) 
and professional societies, the latter charged 
with making recommendations for bariatric 
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surgery (Mechanick et al., 2013; Rubino et 
al., 2016). Given the global scope of the obe-
sity epidemic, numerous other countries and 
societies have issued weight management 
guidelines, including the World Health Or-
ganization (WHO, 1998). Despite the var-
ied expert panels and resulting documents, 
there is remarkable agreement among the 
many guidelines in their recommendations 
for treating overweight and obesity.

Selecting Treatment

The decision to initiate weight loss should 
be based on an assessment of the individ-
ual’s medical need to reduce, as described 
by Kumar and Aronne (Chapter 15, this 
volume), as well as the patient’s desire for 
and behavioral appropriateness for weight 
reduction, as reviewed by Shaw Tronieri and 
Wadden (Chapter 16, this volume). These 
factors, together with the body mass index 
(BMI), provide initial guidance on which in-
terventions are likely to be most appropriate 
for a given individual.

Treatment Algorithms
Kumar and Aronne (Chapter 15, this vol-
ume) have reviewed the obesity treatment 
algorithm developed by the AHA/ACC/
TOS expert panel (Jensen et al., 2014). It is 
similar to one produced for the Canadian 
obesity guidelines, which calls for the cal-
culation of the patient’s BMI, measurement 
of waist circumference, and screening for 
cardiovascular disease (CVD) risk factors, 
including hypertension, hyperlipidemia, 
and type 2 diabetes (see Figure 17.1). Other 
obesity- related comorbidities, such as sleep 
apnea and degenerative joint disease, should 
also be assessed. Individuals with a BMI of 
25–29.9 kg/m2 and one or more CVD risk 
factors, who wish to lose weight, are encour-
aged to participate in an intensive lifestyle 
intervention, described in a later section of 
this chapter (Jensen et al., 2014). The goal is 
to lose 5–10% of initial weight, which is as-
sociated with improvements in CVD risk fac-
tors and quality of life (Jensen et al., 2014). 
Alternatively, prevention of further weight 
regain is recommended for persons who are 

not currently motivated to lose weight, as 
it is for individuals in the same BMI range 
but who are free of obesity-related comor-
bidities. The latter individuals have been 
referred to as “healthy, overweight/obese,” 
for whom weight reduction is not required 
to improve health (Kramer, Zinman, & Ret-
nakaran, 2013; Sharma & Kushner, 2009). 
Recent studies have shown that periodic en-
couragement from a primary care provider 
(e.g., quarterly visits) may be sufficient to 
prevent weight gain or induce modest weight 
loss (Wadden, Volger, et al., 2011).

As BMI increases, so generally do the 
health complications of obesity, the poten-
tial benefits of weight reduction, and the in-
tensity of treatments available to patients. In 
the United States and Canada, persons with 
a BMI ≥ 30 kg/m2 (or ≥ 27 kg/m2 in the pres-
ence of a comorbid condition) are eligible to 
use weight loss medication as an adjunct to 
a reduced calorie diet and increased physi-
cal activity (see Bray & Ryan, Chapter 21, 
this volume). Bariatric surgery is an option 
for patients with a BMI ≥ 40 kg/m2 who are 
unable to reduce successfully with lifestyle 
modification and/or pharmacotherapy, as it 
is for those with a BMI ≥ 35 kg/m2 who have 
a significant weight-related comorbidity (see 
Hanipah, Aminian, & Schauer, Chapter 22, 
this volume).

Current treatment algorithms likely will 
expand in the next few years to incorporate 
a new generation of endoscopically placed 
devices, recently approved by the U.S. Food 
and Drug Administration (FDA), as well as 
new surgical procedures (e.g., transoral by-
pass). For example, endoscopically placed 
gastric balloons, which limit the amount of 
food that can be eaten, have been approved 
by the FDA for patients with a BMI of 30–40 
kg/m2, who are unable to reduce satisfac-
torily with intensive lifestyle intervention 
alone. These new approaches are reviewed 
in this volume by Soegaard Ballester, Hal-
pern, Williams, and Dumon (Chapter 33).

Improving Health Outcomes
If improving CVD risk factors and other 
health conditions is the overriding goal of 
obesity treatment, then we believe that be-
havioral and pharmacological weight loss 
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FIGURE 17.1. Algorithm for the assessment and stepwise management of the overweight or obese 
adult. LDL, low-density lipoprotein; HDL, high-density lipoprotein. BMI and waist circumference cut-
off points are different for some ethnic groups. From Lau et al. (2007). Reprinted from the Canadian 
Medical Association Journal (ISSN: 0820-3946) 2007.

Overweight or obese adult 

• Measure BMI 
• Measure waist circumference if BMI is > 25 BMI and ≤ 35 

kg/m2  

If BMI is > 25 kg/m2 or waist circumference  
is above cutoff point 

Conduct clinical laboratory investigations to assess comorbidities 
(blood pressure, heart rate, fasting glucose, lipid profile [total 

cholesterol, triglycerides, LDL and HDL cholesterol, and ratio of 
total cholesterol to HDL cholesterol]) 

Assess and screen for depression, eating, and mood disorders 

Treat comorbidities and other health risks if present 

Assess readiness to change behaviors and barriers to weight 
loss 

Important message 

• A modest weight loss of 5–10% of body weight is beneficial 
• Weight maintenance and prevention of weight regain should be 

considered as long-term goals  

Devise goals and lifestyle modification program for weight loss and 
reduction of risk factors 

Weight loss goal: 5–10% of body weight, or 0.5–1 kg (1–2 lb) per 
week for 6 months 

Health team to advise lifestyle modification program 

Lifestyle modification program 
Nutrition: Reduce energy intake by 500–1000 kcal/d  
 
Physical activity: Initially 30 minutes of moderate intensity 3–5 
times/wk; eventually ≥ 60 minutes of most days. Add 
endurance exercise training. (Medical evaluation is advised 
before starting activity program.) 
 
Cognitive-behavior therapy 

Satisfactory progress or goal achieved? 

Regulatory monitoring 
• Assist with weight maintenance 
• Reinforce healthy eating and 

physical activity advice 

Weight maintenance and prevention 
of weight regain 

• Nutrition therapy 
• Physical activity 
• Cognitive-behavior therapy 

Address other risk factors; periodic 
monitoring of weight, BMI, and waist 
circumference every 1–2 years. 

Bariatric surgery 
• BMI ≥ 35 kg/m2 + risk factors 

or 
• BMI ≥ 40 kg/m2 

Consider if other weight loss attempts 
have failed. Requires lifelong medical 
monitoring. 

Pharmacotherapy 
• BMI ≥ 27 kg/m2 + risk factors 

or 
• BMI ≥ 30 kg/m2 

 
Adjunct to lifestyle modification; 
consider if patient has not lost 0.5 
kg (1lb) per week by 3–6 months 
after lifestyle changes. 

Yes 
No No 
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interventions, as well as bariatric surgery, 
generally should be used to complement 
well-established medical therapies for CVD 
risk, rather than being prescribed in lieu of 
them. There is far greater evidence, for ex-
ample, that pharmacological therapies for 
hypertension (SPRINT Research Group et 
al., 2015), hyperlipidemia (Collins et al., 
2016), and type 2 diabetes (Marso, Daniels, 
et al., 2016; Marso, Bain, et al., 2016) re-
duce cardiovascular morbidity and mortal-
ity than there is for behavioral or pharma-
cological weight loss interventions. Thus, 
when patients with overweight or obesity 
have significant CVD risk factors, prudence 
suggests providing pharmacological thera-
pies first, as would be prescribed for person 
of average weight who presented with the 
same risk factors. This practice is consistent 
with recommendations of most of the exist-
ing guidelines (e.g., Jensen et al., 2014; Lau 
& Obesity Canada Clinical Practice Guide-
lines, 2007; National Institute for Health 
and Care Excellence, 2014).

If patients can lose 5–10% of their initial 
weight, practitioners may be able to reduce 
the amount of medication required, as ob-
served in the Look AHEAD (Action for 
Health in Diabetes) Study (Look AHEAD 
Research Group, 2013). Similarly, losses of 
20% or more of initial weight, achieved with 
bariatric surgery, frequently are associated 
with the remission of type 2 diabetes and the 
discontinuation of all diabetes medications 
(Schauer et al., 2012). Such patients, how-
ever, may still require medications for other 
CVD risk factors, such as hypercholesterol-
emia, which is not as responsive to weight 
loss as type 2 diabetes (Sjöström, Lissner, 
Wedel, & Sjöström, 1999). Similarly, weight 
loss usually does not eliminate the need for 
medications for psychiatric conditions, such 
as major depression or generalized anxiety 
disorder (Berkowitz & Fabricatore, 2011).

Weight reduction may be a more appro-
priate first intervention, prior to initiation of 
medical therapy, for individuals with over-
weight/obesity who have impaired glucose 
tolerance (i.e., pre-diabetes) or components 
of the metabolic syndrome. These individu-
als generally have a lower risk of CVD mor-
bidity and mortality (compared with those 
with established cardiometabolic diseases), 

and weight loss combined with physical 
activity has been shown to reduce the risk 
of disease progression (Diabetes Prevention 
Program Research Group et al., 2002; Or-
chard et al., 2005).

Discussing Weight and Weight Reduction
Any discussion of weight reduction therapy 
should begin by considering the patient’s 
thoughts about his or her weight and the 
potential desirability of weight loss. Obesity 
is a sensitive topic for many patients (Wad-
den & Didie, 2003; Volger et al., 2012), par-
ticularly for those not seeking treatment in 
a weight management clinic. This disease 
still is often portrayed as the result of sim-
ply overeating and underexercising, despite 
decades of research revealing the complex 
neuroendocrine regulation of body weight 
(Guyenet & Schwartz, 2012), the predispos-
ing effects of genetics (van der Klaauw & 
Farooqi, 2015), and the ill effects of a toxic 
food environment fueled by economic inter-
ests (Pomeranz & Brownell, 2012). Nega-
tive social interactions leave many patients 
with obesity feeling stigmatized, including 
by health care practitioners (Foster et al., 
2003). The emotionally laden nature of the 
topic, combined with many practitioners’ 
perceptions that obesity treatments are not 
effective, probably contributes to reports 
that half of primary care practitioners do 
not discuss excess weight with their patients 
(Foster et al., 2003).

Several steps can facilitate productive pa-
tient–practitioner discussions about obesity. 
The first may involve avoiding the term obe-
sity. The words obesity and fat carry such 
negative social connotations, as heard in 
jokes and insults, that some patients feel de-
meaned when their health practitioners use 
these descriptors. Patients prefer the use of 
the words weight, weight problem, or prob-
lem BMI in lieu of obesity (Volger et al., 
2012; Wadden & Didie, 2003). Practitioners 
also may wish to broach the topic of obesity 
by asking, “Could we talk about your weight 
today?,” followed by open-ended questions 
such as “How is your weight for you?” or 
“How does your weight affect your health or 
daily functioning?” The conversation should 
provide patients with an opportunity to dis-
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cuss their likely concerns and frustrations 
with their weight (Wadden & Didie, 2003).

Practitioners should be prepared to ac-
cept that some patients do not wish to lose 
weight. This decision can be explored, using 
a motivational interviewing approach, but 
it should be respected (see Butryn, Schum-
acher, & Forman, Chapter 31, this volume).

Treatment goals for such individuals can 
shift to ensuring optimal medical manage-
ment of CVD risk factors, preventing fur-
ther weight gain, and engaging in regular 
physical activity. With patients who wish 
to lose weight, a frequent challenge is offer-
ing new options and hope for weight man-
agement. This sometimes can be achieved 
by explaining that the loss of only 5–10% 
of initial weight can significantly improve 
health, without the need to achieve a statis-
tically average body weight (Jensen et al., 
2014). This conversation should include a 
review of the patient’s previous weight loss 
efforts to determine which approaches the 
individual liked or did not like, and which 
interventions produced clinically meaning-
ful weight loss (see Shaw Tronieri & Wad-
den, Chapter 16, this volume). Previously 
successful approaches are a good start with 
some individuals, whereas others may want 
a new approach. In either case, practitioners 
should applaud patients’ previous weight 
losses efforts, noting that they contributed to 
improved health and well-being for the time 
they were undertaken, even if patients even-
tually regained the lost weight. A growing 
body of evidence suggests that prior weight 
loss, even with weight regain, may a have a 
beneficial legacy effect on some health com-
plications, including type 2 diabetes (Wing 
et al., 2016). The safety and efficacy of treat-
ment options should be discussed at length, 
as should the costs of treatment, particularly 
if out-of-pocket expenses are anticipated.

Developing a Treatment Plan
After reviewing treatment options, the pa-
tient and practitioner together should devel-
op a plan that specifies the initial length of 
the intervention, the frequency and duration 
of visits, the mode of treatment delivery (e.g., 
individual vs. group care, in-person vs. re-
motely delivered sessions), the diet and phys-

ical activity regimens to be followed, and 
any additional considerations (e.g., phar-
macotherapy, surgery). Patients benefit from 
having a written description of the treat-
ment plan for at least the first few months, 
as well as clear expectations for weight loss, 
as described by Shaw Tronieri and Wadden 
(Chapter 16, this volume). The loss of ap-
proximately 5–10% of initial weight is a re-
alistic expectation with an intensive lifestyle 
intervention, with potentially greater weight 
loss anticipated with the addition of portion-
controlled diets or weight loss medications, 
as discussed later. Patients usually indicate 
that they wish to lose larger amounts, aver-
aging approximately 20% of initial weight 
(Lent et al., 2016). They should not be dis-
couraged from such goals, given that large 
weight loss goals do not adversely affect 
short- or long-term weight loss (Lent et al., 
2016). However, bariatric surgery is current-
ly the only intervention that reliably induces 
and maintains losses of 20% or more of ini-
tial weight.

Personalized Treatment
As discussed by Shaw Tronieri and Wadden 
(Chapter 16, this volume) and Astrup (Chap-
ter 18, this volume), whenever possible, 
practitioners should select treatment com-
ponents that are consistent with patients’ 
preferences, such as in the selection of a 
reducing diet (e.g., low-fat vs, low-carbohy-
drate diet) or a program of physical activity. 
Similarly, treatments should be considered 
that address patients’ complaints about their 
“always feeling hungry” or “never feeling 
full after eating” (i.e., impaired satiation). 
Garvey et al. (2016), for example, have dis-
cussed medications for chronic weight man-
agement that may help to control appetite 
or food cravings. The science and practice 
of personalized obesity treatment admit-
tedly is in the early stages of development. 
However, practitioners should be mindful of 
the marked behavioral and biological het-
erogeneity among the patients whom they 
treat. Further research on the identification 
of behavioral phenotypes—and on the biol-
ogy that underlies them—should ultimately 
facilitate more personalized treatment of pa-
tients with obesity.
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Treatment Options:  
BMI < 30 kg/m2—A Comprehensive, 
High‑Intensity Lifestyle Intervention

The AHA/ACC/TOS guidelines (Jensen et 
al., 2014) provide more detail and instruc-
tion concerning comprehensive lifestyle 
intervention than do other recently issued 
guidelines and are emphasized here. The 
AHA/ACC/TOS expert panel recommended 
that individuals who are overweight (BMI = 
25.0–29.9 kg/m2) and would benefit from 
weight loss participate for ≥ 6 months in a 
comprehensive lifestyle program that would 
assist them in adhering to a lower-calorie diet 
and in increasing physical activity through 
the use of behavioral strategies. Face-to-
face, high-intensity interventions are recom-
mended that provide 14 or more individual 
or group sessions in 6 months, delivered by a 
trained interventionist (e.g., registered dieti-
tian, exercise specialist) (Jensen et al., 2014). 
This approach, which produces an average 
loss of 5–8% of initial weight, is also rec-
ommended for patients with obesity (BMI ≥ 
30 kg/m2) who have never had a course of 
intensive lifestyle intervention (which also is 
referred to as intensive behavior therapy, be-
havioral weight control, or lifestyle modifi-
cation). Such an intervention also is indicat-
ed for patients who plan to take prescription 
weight loss medication, since the two ap-
proaches produce additive weight loss (Wad-
den et al., 2005). Behavioral weight control 
practices also may contribute to long-term 
success with bariatric surgery.

Table 17.1 summarizes the primary compo-
nents and structure of a high-intensity inter-
vention, as recommended by the AHA/ACC/
TOS guidelines (Heymsfield & Wadden, 
2017). Dietary modification seeks to induce 
an energy deficit of 500–750 kcal/day, usually 
achieved by prescribing 1,200–1,499 kcal/day 
for women and 1,500–1,800 kcal/day for men 
(with higher-calorie targets in the range for 
heavier individuals). Alternatively, calorie in-
take can be prescribed based on body weight, 
with 1,200–1,499 kcal/day for persons < 250 
pounds (113.6 kg) and 1,500–1,800 kcal/day 
for those > 250 pounds (Look AHEAD Re-
search Group, 2006). As described by Astrup 
(Chapter 18, this volume), a variety of diets, 
with differing macronutrient compositions—
including low fat, low carbohydrate, low gly-

cemic, high protein, or Mediterranean style—
may be prescribed, provided they induce the 
desired energy deficit. Macronutrient compo-
sition may be more important for improving 
specific obesity-related comorbidities (e.g., 
type 2 diabetes) or for facilitating long-term 
weight control than it is for inducing weight 
loss (Jensen et al., 2014).

Patients are encouraged during the first 6 
months to gradually increase their physical 
activity to 150–180 minutes/week, typically 
with brisk walking or others forms of mod-
erately vigorous aerobic exercise (Jensen et 
al., 2014). Multiple short bouts of activity 
(e.g., 10 minutes), as well as increased life-
style activity (e.g., using stairs rather than 
escalators, walking rather than riding) also 
facilitate weight control and improve cardio-
vascular health (see Jakicic et al., Chapter 
19, this volume).

Behavior therapy provides patients with 
strategies and techniques for adopting diet 
and activity recommendations (see Gomez-
Rubalcava, Stabbert, & Phelan, Chapter 20, 
this volume). Foremost among these strate-
gies are regularly recording food intake, 
physical activity, and body weight—tasks fa-
cilitated by a new generation of smartphone 
applications (e.g., MyFitnessPal, Lose It!), 
activity counters (e.g., Fitbit, Jawbone), and 
cellular-connected scales (Webb & Wadden, 
2017). Approximately weekly, patients re-
view their progress with a trained interven-
tionist, who provides encouragement and 
instruction in goal setting and problem solv-
ing. This feedback is critical to weight loss 
(Jensen et al., 2014).

Structured Lifestyle Intervention
A key to success with lifestyle intervention 
is ensuring that patients, during the first 6 
months, receive a minimum of 14 individual 
or group counseling sessions. This is the defi-
nition of high-intensity counseling proposed 
by the AHA/ACC/TOS guidelines and one 
that is consistent with the recommendations 
of the Centers for Medicare and Medicaid 
Services (CMS; 2011) for the provision of 
intensive behavior therapy. Reviews of the 
literature by the AHA/ACC/TOS expert 
panel, as well as the U.S. Preventive Services 
Task Force (Moyer, 2012), found that less 
intensive (i.e., less frequent) counseling did 
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not produce clinically meaningful weight 
loss. One year of monthly or less frequent 
treatment sessions produced a loss of only 
1.7–4.0 kg (LeBlanc, O’Connor, Whitlock, 
Patnode, & Kapka, 2011). At the high end of 
the intensity (frequency) continuum, Perri et 
al. (2014) found that 24 counseling sessions 
delivered over 6 months (i.e., weekly visits) 
did not produce significantly greater weight 
loss than 16 sessions over the same period 
(losses of 10.9% and 9.3%, respectively). 
This finding questions the weight loss bene-
fit, as well as cost effectiveness, of providing 
more than 16 sessions in 6 months to induce 
weight loss, although further dose–response 
studies of this type are needed to reach de-
finitive conclusions.

Group versus Individual Care

The AHA/ACC/TOS guidelines recommend 
that patients attend traditional face-to-face 
counseling visits (Jensen et al., 2014). Treat-
ment may be delivered in group or individ-
ual sessions. Group counseling usually in-
cludes 10–20 participants, lasts 60–90 min, 
and may induce somewhat larger (about 2 
kg) weight loss than individual treatment 
(Renjilian et al., 2001; Paul-Ebhohimhen & 
Avenell, 2009). The greater losses likely are 
attributable to the increased social support 
and information sharing offered by group 
interactions, as well as to a healthy dose 
of competition among participants. Group 
care clearly is less expensive than individual 

TABLE 17.1. Recommended Components of a High‑Intensity Comprehensive Lifestyle Intervention to 
Achieve and Maintain a 5–10% Reduction in Body Weight

Component Weight loss Weight loss maintenance

Frequency 
and duration 
of treatment 
contact

•• 14 or more in-person counseling sessions 
in 6 months with a trained interventionist 
(individual or group contact).

•• Similarly structured, comprehensive 
web-based interventions, as well as 
evidence-based commercial programs 
may be recommended.

•• Monthly or more frequent in-person or 
telephone sessions for ≥ 1 year with a 
trained interventionist.

Diet •• Low-calorie diet (typically 1,200–1,500 
kcal/day for women, 1,500–1,800 
kcal/day for men), with macronutrient 
composition based on patient’s 
preferences and health status.a

•• Reduced-calorie diet, consistent with 
reduced body weight, with macronutrient 
composition based on patient’s 
preferences and health status.

Physical 
activityb

•• ≥ 150 minutes/week of aerobic physical 
activity (e.g., brisk walking).

•• 200–300 minutes/week of aerobic 
activity (e.g., brisk walking).

Behavior 
therapy

•• Daily monitoring of food intake and 
physical activity, facilitated by paper 
diaries or apps.

•• Weekly monitoring of weight.
•• Structured curriculum of behavior 

change (e.g., DPP), including goal setting, 
problem solving, and stimulus control.

•• Regular feedback and support from a 
trained interventionist.

•• Occasional to frequent monitoring of 
food intake and physical activity, as 
needed.

•• Weekly to daily monitoring of weight.
•• Curriculum of behavior change, 

including problem solving, cognitive 
restructuring, and relapse prevention.

•• Regular feedback from trained 
interventionist.

Note. From Heymsfield & Wadden (2017). Mechanisms, pathophysiology, and management of obesity. New England 
Journal of Medicine, 376(3), 254–266. Copyright © 2017 Massachusetts Medical Society. Reprinted with permission 
from the Massachusetts Medical Society.
a The guidelines concluded that a variety of dietary approaches, which differ widely in macronutrient composition, can 
produce weight loss, provided they induce an adequate energy deficit. This includes ad libitum approaches in which a 
lower calorie intake is achieved by restriction or elimination of particular food groups or by the provision of prescribed 
foods. The guidelines recommended that practitioners, in selecting a reducing diet, consider its potential contribution to 
the management of obesity-related comorbidities (e.g., type 2 diabetes, hypertension).
b The guidelines did not address the possible benefits of strength training, in addition to aerobic activity.
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counseling and can make treatment available 
to a greater number of patients in a clinical 
practice. Groups should be sufficiently small 
to allow all participants to report briefly 
each week on their success in adhering to 
their physical activity and food and calorie 
intake goals. Large groups (e.g., 30 partici-
pants), as compared with smaller ones (e.g., 
12 members), may not provide adequate at-
tention for each patient, potentially resulting 
in smaller weight losses, as found in a recent 
randomized controlled trial (losses of 3.2 
and 6.5 kg, respectively, at 6 months; Dut-
ton et al., 2014).

Structured lifestyle interventions are 
delivered following a curriculum of be-
havior change, in which one lesson typi-
cally builds on another, and participants 
are given weekly homework assignments 
to complete prior to the next session. The 
treatment manuals for the Diabetes Preven-
tion Program and the Look AHEAD stud-
ies provide directions for interventionists 
to lead sessions, as well as homework as-
signments for participants. Both manuals 
are available to practitioners and research-
ers for nonprofit use (https://dppos.bsc.
gwu.edu/documents/1124073/1134992/
DPP_duringcore.pdf/a771d14f-fa3c-45b2-
bd9f-5b17c0212892; www.lookaheadtrial.
org/publicResources/interventionMaterial.
cfm). As described by Gomez-Rubalcava et 
al. (Chapter 20, this volume), treatment ses-
sions typically begin with a weigh-in (in pri-
vate) and then focus principally on patients’ 
reporting on their completion of homework 
assignments (i.e., monitoring calorie intake 
and physical activity). Many patients report 
that counseling sessions provide not only im-
portant knowledge and support for behavior 
change but also much needed accountability 
to follow through on weekly goals and as-
signments.

Interventionist Training

Lifestyle interventionists typically include 
registered dietitians, exercise specialists, 
clinical psychologists, and related health 
counselors, as observed in the AHA/ACC/
TOS review of the literature (Jensen et al., 
2014). However, trained laypersons who ad-
here to a structured treatment manual also 
have successfully served as interventionists 

(see West, Krukowski, & Larsen, Chapter 
30, this volume). Further studies are need-
ed to clarify the educational background 
and training required to provide intensive 
lifestyle intervention. Based on the current 
evidence, we believe that trained laypersons 
can deliver such counseling provided that 
patients do not have significant obesity-re-
lated comorbidities that may require addi-
tional nutritional or psychological expertise 
(e.g., type 2 diabetes, binge-eating disorder, 
significant depression). Such expertise po-
tentially could be provided as an adjunct to 
lay-delivered counseling.

Examples of Intensive Lifestyle Interventions

The Diabetes Prevention Program (DPP) 
and Look AHEAD studies provide excellent 
examples of high-intensity lifestyle inter-
ventions that were delivered in multicenter 
trials, sponsored by the National Institutes 
of Health. (Look AHEAD is discussed in a 
later section of this chapter.) The DPP ran-
domly assigned more than 3,200 patients 
with overweight/obesity and impaired glu-
cose tolerance to placebo, metformin, or 
an intensive lifestyle intervention designed 
to induce and maintain a 7 kg reduction in 
initial weight (Diabetes Prevention Program 
Research Group et al., 2002). The study’s 
primary outcome was the reduction in the 
incidence of type 2 diabetes. During the first 
6 months, lifestyle participants attended 16 
individual counseling sessions with a regis-
tered dietitian and then had one contact at 
least every other month for the remainder 
of the 4-year study. Patients were instructed 
to consume a low-fat, reduced-calorie diet 
(i.e., 1,200–2,000 kcal/day, based on body 
weight), comprised of conventional foods 
that they selected. The physical activity goal 
was 150 minutes/week, principally of brisk 
walking. The study was stopped after a mean 
of 2.8 years, at which time lifestyle partici-
pants had achieved a mean loss of 5.6 kg, 
compared with significantly smaller losses 
of 2.8 kg for metformin and 0.1 kg for pla-
cebo. The lifestyle intervention, compared 
with the placebo and metformin groups, re-
duced the risk of developing type 2 diabetes 
by 58% and 31%, respectively, leading to the 
study’s early termination to provide lifestyle 
modification to the other two groups (Dia-
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betes Prevention Program Research Group 
et al., 2002). A 10-year follow-up assess-
ment found that, as compared with placebo, 
the lifestyle intervention group maintained a 
34% reduction in the risk of developing type 
2 diabetes, even though the latter patients 
had regained most of their lost weight (Dia-
betes Prevention Program Research Group, 
2009).

Remotely Delivered Lifestyle Interventions
The AHA/ACC/TOS guidelines recommend 
the provision of traditional face-to-face 
counseling, primarily because this approach 
is supported by such a large evidence base 
(Jensen et al., 2014). Lifestyle interven-
tions, however, are increasingly delivered 
by telephone, Internet, text messaging, so-
cial media, smartphones, and related ap-
proaches, which have the advantage of being 
more accessible, convenient, and affordable 
than traditional on-site interventions (Webb 
& Wadden, 2017). The AHA/ACC/TOS 
guidelines concluded that remotely delivered 
programs that include personalized feed-

back from a trained interventionist can be 
prescribed for weight loss but may result in 
smaller weight losses than face-to-face inter-
ventions. Tate, Nezami, and Valle reached 
similar conclusions in a thorough review of 
the literature for this volume (Chapter 28).

Telephone‑Delivered Programs

The more that remotely delivered interven-
tions resemble traditional face-to-face coun-
seling, in terms of the frequency of contact 
with a trained interventionist, the greater 
the weight losses they produce. Telephone-
delivered interventions, for example, have 
achieved approximately the same weight 
losses as face-to face programs, when 
matched for the number of treatment ses-
sions (Appel et al., 2011; Donnelly et al., 
2007, 2013; Rock et al., 2010). Figure 17.2 
presents results of a randomized controlled 
trial by Appel et al. (2011), in which patients 
were randomly assigned to usual care (i.e., 
self-directed) or to a high-intensity lifestyle 
intervention delivered either by individual 
phone counseling (remotely delivered) or 

FIGURE 17.2. Mean weight change according to randomized group. From Appel, Clark, Yeh, Wang, 
Coughlin, Daumit, et al. (2011). Comparative effectiveness of weight-loss interventions in clinical prac-
tice. New England Journal of Medicine, 365(21), 1959–1968. Copyright © 2011 Massachusetts Medi-
cal Society. Reprinted with permission from Massachusetts Medical Society.
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traditional in-person, group treatment with 
some individual sessions. Both lifestyle 
groups also were provided with a web-based 
program on which to record their food in-
take and physical activity. The remotely 
delivered and in-person interventions both 
produced mean weight losses of approxi-
mately 5 kg at both 6 and 24 months, with 
no significant differences between them, 
showing the benefits of telephone-delivered 
care. Both groups were superior to the self-
directed group at all times.

Internet‑Delivered Approaches

As reviewed by Tate and colleagues (Chap-
ter 28, this volume), Internet-delivered pro-
grams have been most effective when they 
instructed participants to keep records (on-
line) of their food intake, physical activity, 
and weight, which they reviewed regularly 
with a trained interventionist or received 
simulated feedback from a computer algo-
rithm. However, weight losses produced 
by the most effective Internet-delivered 
programs have typically been one-third to 
one-half smaller than those resulting from 
traditional face-to-face treatment (Webb & 
Wadden, 2017). In the best designed and ex-
ecuted study of this topic to date, Harvey-
Berino et al. (2010) provided adults with 
the same 24-session lifestyle intervention 
that was delivered in traditional face-to-
face group meetings or by Internet sessions, 
which included having participants “meet” 
in a supervised chat room, with feedback 
from an interventionist. Participants in the 
Internet-delivered program lost 5.5 kg in 6 
months, compared to a significantly greater 
8.0 kg for those who received face-to-face 
treatment. A third “hybrid” group, which 
received a mix of Internet and face-to-face 
meetings, lost 6.0 kg.

Other Approaches

Smartphone-delivered programs and the 
dozens of weight loss applications (apps) 
that have been developed hold promise of 
simplifying the tasks of recording food in-
take, physical activity, body weight, and 
other outcomes (Webb & Wadden, 2017). A 
major challenge, however, is keeping patients 
engaged and accountable with these ap-

proaches in order to achieve clinically mean-
ingful weight loss (≥ 5% of initial weight). 
Svetkey et al. (2015), for example, developed 
a smartphone-delivered intervention for 
young adults (ages 18–35) with overweight/
obesity. Those who received a self-directed 
intervention, delivered by smartphone (and 
without interventionist feedback), lost only 
0.9 kg in 6 months. Similarly modest weight 
losses were obtained in a randomized con-
trolled trial of the currently popular MyFit-
nessPal app. Primary care patients who were 
randomly assigned to receive the app, along 
with usual medical care, lost no weight at 
the end of 6 months, compared with a gain 
of 0.6 pounds in those assigned to usual care 
alone (Laing et al., 2014). Most participants 
used the app for the first month, but few did 
at 6 months.

These findings underscore the need to 
identify methods to maintain accountabil-
ity and motivation with self-directed apps 
and smartphone applications. The use of fi-
nancial incentives provides a possibility, as 
discussed by Patel and Volpp (Chapter 32, 
this volume). In addition, some technolo-
gies and behavioral programs may be more 
reinforcing—and effective—than others, as 
illustrated by a promising study by Stein-
berg et al. (2013), which reported a 6.5% 
reduction in initial body weight at 6 months 
with the use of a cellular-connected smart 
scale. At present, however, practitioners and 
patients should know that the less structure 
and accountability that remotely delivered 
programs provide, the less weight patients 
will likely lose.

Commercial‑ and Community‑Based 
Lifestyle Interventions
Many patients do not live near large medi-
cal centers that offer high-intensity lifestyle 
counseling. In such cases, commercial- and 
community-based programs may be con-
sidered. The AHA/ACC/TOS guidelines 
concluded that some commercial-based pro-
grams can be prescribed, provided there is 
peer-reviewed evidence of their safety and 
efficacy (Jensen et al., 2014). Gudzune and 
colleagues (2015) have summarized the 
safety and efficacy of leading commercial 
(non-medical) weight loss programs and 
concluded that Weight Watchers and Jenny 



 Overview of the Treatment of Obesity in Adults 293

Craig have provided the strongest evidence 
of success (see Gudzune & Clark, Chapter 
29, this volume). Weight Watchers offers be-
havioral counseling through either in-person 
group meetings or an online program. The 
in-person group program induces a mean 
loss of approximately 4–5% of initial weight 
in 6–12 months, with somewhat smaller 
losses for online programs (Heshka et al., 
2003; Jebb et al., 2011). Randomized con-
trolled trials of Jenny Craig have yielded 
larger weight losses—of approximately 
7–8% of initial weight—most likely because 
of the program’s provision of a diet of pre-
packaged, portion-controlled foods, which 
facilitates adherence to calorie goals (Rock 
et al., 2010, 2016). As discussed by Gud-
zune et al. (2015), the additional weight loss 
with Jenny Craig comes at a charge of about 
$100 per week, including the cost of the 
program’s food, compared with $14 weekly 
for Weight Watchers. The latter costs do not 
include what participants spend on conven-
tional foods.

As reviewed by West, Krukowski and 
Larsen (Chapter 30, this volume), local 
YMCAs may also provide high-intensity 
lifestyle group counseling as part of efforts 
to deliver the DPP intervention in commu-
nity settings to persons with impaired glu-
cose tolerance. Numerous controlled tri-
als have shown that YMCA instructors, 
without prior weight management skills, 
were able to induce mean weight losses of 
4–6% of initial weight in 6 months, using a 
modified version of the DPP protocol (Ali, 
Echouffo-Tcheugui, & Williamson, 2012). 
As important, the cost of providing weight 
management in the YMCA was estimated 
at $275–$325 per participant, compared to 
$1,400 for the original program delivered 
in academic medical centers (Ackermann & 
Marrero, 2007). These findings underscore 
that trained laypersons can play an impor-
tant role in increasing the availability of 
high-intensity lifestyle interventions in com-
munity settings.

Lifestyle Interventions in Primary 
Care Practice
As summarized by Tsai and Wadden (Chap-
ter 27, this volume), there have been few 
studies of primary care physicians, nurse 

practitioners, or physician assistants deliver-
ing high-intensity lifestyle counseling in pri-
mary care practice, as now prescribed and 
covered by the Centers for Medicare and 
Medicaid Services (CMS, 2011). CMS re-
fers to such counseling as intensive behavior 
therapy (IBT) and reimburses weekly, brief 
(e.g., 15 minutes) visits the first month, fol-
lowed by every-other-week visits in months 
2–6, for a total of 14–15 visits. Patients 
who lose 3 kg are eligible for six additional 
monthly sessions, for a total of 20–21 visits 
in the year.

CMS’s stipulation that counseling may 
be provided only by physicians and the 
other practitioners noted is surprising be-
cause these individuals generally have lim-
ited training in weight management and 
typically do not have the time or economic 
incentive to provide lifestyle counseling. 
(Registered dietitians apparently can deliver 
IBT if they work incident to a covered pro-
vider who is on the premises when coun-
seling is delivered.) In addition, CMS has 
not provided a treatment protocol to guide 
practitioners’ provision of IBT or assessed 
the efficacy of this approach. Wadden and 
colleagues currently are conducting a ran-
domized controlled trial to evaluate 1-year 
changes in weight and CVD risk factors re-
sulting from 21 brief counseling sessions, as 
prescribed by CMS. They have adapted the 
DPP protocol to include a 21-session guide 
for practitioners and patients (Wadden, Vol-
ger, et al., 2011). The entire protocol can be 
obtained at www.med.upenn.edu/weight/
wadden.html.

Primary care practitioners play a critical 
role in the management of obesity by diag-
nosing this disease and providing medical 
therapies for the CVD risk factors and other 
weight-related health complications. They 
also can provide patients with critical guid-
ance in selecting a weight reduction therapy, 
in prescribing chronic weight management 
medications, or in referring patients to bar-
iatric surgery, as appropriate (Heymsfield & 
Wadden, 2017). We, however, do not believe 
that most primary care practitioners are well 
suited to deliver intensive lifestyle interven-
tion (i.e., 14 sessions in 6 months), given the 
demands on their time and expertise. Other 
office personnel (e.g., dietitian, health coun-
selor) potentially could provide such treat-
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ment, or patients could be referred to pro-
grams/providers in the community, as well 
as to remotely delivered interventions. These 
latter interventions have shown promise 
with patients encountered in primary care 
settings (Appel et al., 2011; Thomas, Lea-
hey, & Wing, 2015).

A Structured Lifestyle Intervention 
for the Maintenance of Weight Loss
The maintenance of lost weight remains the 
Achilles’ heel of intensive lifestyle interven-
tions for obesity, as it is for other weight 
management approaches. Following weight 
loss and the end of counseling, patients typi-
cally regain one-third of lost weight in the 
year following treatment (Wadden, 1993), 
with continuing weight regain through year 
5, when patients, on average, have returned 
to their baseline weight (Wadden, Sternberg, 
Letizia, Stunkard, & Foster, 1989). Reasons 
for weight regain are multiply determined 
and include (1) the termination of profes-
sional support and guidance with the end of 
lifestyle counseling; (2) the need for patients 
to continue to eat a low-calorie diet and en-
gage in high levels of physical activity, in 
the face of returning to a toxic environment 
that thwarts such efforts; (3) an unfavorable 
work-to-reward ratio, in which patients’ 
continued efforts are not rewarded with con-
tinued weight loss, which they still desire; (4) 
a loss of social support, as friends and fam-
ily members stop applauding dieters when 
they stop losing weight; and (5) a host of 
compensatory biological changes, including 
reductions in resting and nonresting energy 
expenditures, as well as unfavorable chang-
es in appetite-related hormones (e.g., ghre-
lin, leptin, neuropeptide Y-5), all of which 
serve to return body weight to baseline levels 
(Rosenbaum & Liebel, 2016; Sumithran et 
al., 2011; Webb & Wadden, 2017).

Continued Behavioral Counseling

As reviewed by Perri and Ariel-Donges 
(Chapter 23, this volume), continued be-
havioral counseling, following initial weight 
loss, facilitates the maintenance of lost 
weight. This also was the conclusion of the 
AHA/ACC/TOS guidelines, which recom-
mend that overweight or obese individuals 

who have lost weight participate for 1 year 
or more in a comprehensive weight loss 
maintenance program, delivered in person 
or by telephone (Jensen et al., 2014). Month-
ly or more frequent visits are recommended 
with a trained interventionist who helps pa-
tients engage in high levels of physical activ-
ity (200–300 minutes/week), monitor body 
weight regularly (preferably daily), and con-
sume a reduced-calorie diet that is needed to 
maintain the lower body weight. These are 
the same behaviors practiced by members of 
the National Weight Control Registry, all of 
whom have lost at least 30 pounds (13.6 kg) 
and maintained the loss for 1 year or more 
(Wing & Phelan, 2005).

The Look AHEAD Study
The Look AHEAD study provides the lon-
gest evaluation to date of the effectiveness of 
an intensive lifestyle intervention for induc-
ing and maintaining weight loss. All study 
participants received at least 8 years of in-
tervention. The trial enrolled participants 
with overweight/obesity and type 2 diabetes 
to determine whether the loss of 7% or more 
of initial weight, combined with 175 min-
utes/day of aerobic activity, would reduce 
the risk of CVD morbidity and mortality, as 
compared with a usual care group, referred 
to as diabetes support and education (DSE; 
Look AHEAD Research Group, 2013). 
(Gregg & Flores, Chapter 12, this volume, 
review the CVD findings.) During the first 
6 months, lifestyle participants were pro-
vided with three face-to-face group counsel-
ing sessions and one individual meeting per 
month, which decreased to two group and 
one individual session from months 7–12. 
Details of the treatment protocol have been 
described previously and included the pre-
scription of a 1,200–1,499 kcal/day diet for 
those who weighed ≤ 250 pounds (113.6 kg), 
with 1,500–1,800 for those >113.6 kg (Look 
AHEAD Research Group et al., 2006). Dur-
ing the first 4 months, these participants also 
were prescribed the use of liquid meal re-
placements (i.e., shakes) and meal bars (e.g., 
Glucerna, OPTIFAST, SlimFast, and Health 
Management Resources [HMR] products) 
to replace two meals and one snack per day 
to help them meet their calorie goals. There-
after, they were offered one meal replace-
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ment daily to facilitate the maintenance of 
weight loss.

In years 2–4, lifestyle participants were 
provided with one individual face-to-face 
meeting per month and one monthly tele-
phone or e-mail contact in which they re-
viewed their efforts to adhere to their diet 
and physical activity goals (increased to 
> 200 minutes/week) and maintain their 
weight loss (Look AHEAD Research Group 
et al., 2006). Individual monthly face-to-
face meetings continued to be provided 
in years 5–8. In addition, throughout the 
maintenance period (years 2–8) participants 
were offered two to three group experiences 
per year, each typically 6–8 weeks in length, 
designed to help them lose additional weight 
or to reverse any weight regain. Throughout 
the study, DSE participants could attend one 
to three group sessions per year that provid-
ed information about aspects of healthy diet 
and physical activity but not instruction in 
how to change behavior.

Weight Loss in Look AHEAD

As shown in Figure 17.3, participants in 
the intensive lifestyle intervention (ILI) lost 
8.6% of initial weight at year 1, compared 
with a significantly smaller 0.7% for those 

in the DSE. Fully 68% of lifestyle partici-
pants lost 5% or more of initial weight, and 
37% lost 10% or more (Wadden et al., 
2009). Despite the provision of weight loss 
maintenance therapy, lifestyle participants, 
on average, regained about 4% of their lost 
weight from years 2 to 5, after which their 
weight stabilized and then began to decline 
again. At year 8, these individuals achieved 
a mean loss from baseline of 4.7%, com-
pared to 2.1% for the DSE participants; 
50.3% of lifestyle participants maintained a 
loss of 5% or more of initial weight, com-
pared with 35.7% for DSE (Look AHEAD 
Research Group, 2014). The Look AHEAD 
results represent the largest weight losses 
achieved with an intensive lifestyle interven-
tion of 8 years or more.

The Biggest Losers in Look AHEAD

A great advantage of Look AHEAD was 
that its large sample of 2,500 lifestyle par-
ticipants allowed the examination of sub-
sets of individuals with different degrees of 
long-term weight loss success. Figure 17.4A 
presents findings for 787 participants who 
originally lost 10% or more of initial weight 
at year 1. Nearly 40% of these individuals 
maintained their full 10% weight loss at 

FIGURE 17.3. Mean (±SE) weight losses over 8 years for participants randomly assigned to an inten-
sive lifestyle intervention (ILI) or diabetes support and education (DSE, usual care group). Differences 
between groups were significant (p < .001) at all years. From Look AHEAD Research Group (2014). 
Eight-year weight losses with an intensive lifestyle intervention: The Look AHEAD study. Obesity, 
22(1), 5–13. Copyright © 2014 Wiley. Reprinted by permission.
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FIGURE 17.4A. Weight loss trajectories over 8 years in 825 participants in the intensive lifestyle in-
tervention (ILI) who, at year 1, lost ≥ 10% of initial weight and, at year 8, provided a measured body 
weight. The figure shows the number of participants who, at year 8, maintained a loss of 10% or more 
of initial weight (N = 324), of 5–9.9% (N = 213), of 0–4.9% (N = 171), or who gained above their 
baseline weight (N = 117). The percentages shown in parentheses are based on the sample size for the 
subgroup. Thus, the 324 of 825 participants who maintained a ≥ 10% loss at year 8 comprised 39.3% 
of this subgroup of participants.
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FIGURE 17.4B. Weight loss trajectories over 8 years in 633 ILI participants who, at year 1, lost 5–9.9% 
of initial weight and, at year 8, provided a measured body weight. The four categories of weight change 
that these participants achieved at year 8 are presented in the same manner as in Figure 17.4A.
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year 8, suggesting the benefit of weight loss 
maintenance counseling when compared 
with the results of trials that provided mini-
mal or no further treatment after weight 
loss (Look AHEAD Research Group, 2014). 
An additional, 25.8% of these participants 
who originally lost 10% of weight, main-
tained a loss at 8 years of 5.0% to 9.9% of 
initial weight, meeting the criterion for clini-
cally meaningful weight loss. Only 14.2% of 
these successful 1-year participants regained 
all of their weight loss at year 8, substantial-
ly less than the 95%-regain figure frequently 
cited in media reports. Additional analyses 
showed that persons who maintained their 
full 10% weight loss at year 8 reported ex-
ercising more and expending significantly 
more calories at this time than those who re-
gained their lost weight (1,472 vs. 800 kcal/
week), a consistent finding among weight 
loss maintainers (see Jakicic et al., Chapter 
19, this volume).

Treatment Nonresponders in Look AHEAD

The Look AHEAD data also reveal that 
what is frequently interpreted as a problem 

of weight regain in long-term weight loss 
trials partially reflects a problem of lack of 
initial weight loss. Figure 17.4C shows that 
32% of lifestyle participants did not lose 5% 
of initial weight in the first year, and that 
17% of ILI participants (430) did not lose 
this amount by the end of year 8. Results 
for such participants do not reflect upon the 
maintenance of weight reduction but instead 
upon the need to identify alternative treat-
ments or rescue approaches to induce weight 
loss in persons who do not respond to inten-
sive lifestyle intervention.

Treatment Options:  
BMI ≥ 30 kg/m2—Portion‑Controlled 
Diets, Pharmacotherapy,  
and Weight Loss Devices

Intensive lifestyle intervention should be 
offered to all patients with a BMI ≥ 30 kg/
m2, given the safety, efficacy, and generally 
low cost of this approach. Individuals who 
are not successful with lifestyle intervention 
alone or who need to lose ≥ 10% of initial 
weight to better control obesity-related co-
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morbidities are candidates for additional 
interventions, including portion-controlled 
diets, pharmacotherapy, and some newly 
approved weight loss devices. A question 
frequently asked is whether patients have to 
“fail” a course of lifestyle modification be-
fore being eligible to use weight loss medica-
tions or other approaches. We believe that 
a history of participating in structured life-
style interventions should qualify patients 
for adjunctive care (e.g., pharmacotherapy), 
initiated from the outset of the new weight 
loss effort. For example, there is no need for 
another suboptimal outcome with lifestyle 
modification alone before adding pharma-
cotherapy. Adjunctive treatments, however, 
should be added to a robust program of life-
style modification, rather than being used in 
lieu of it.

Low‑Calorie, Portion‑Controlled Diets
Individuals with overweight/obesity typical-
ly underestimate their calorie intake by 40–
50% when instructed to consume a diet of 
1,200–1,800 kcal/day of conventional foods 
(Lichtman et al., 1992). Persons of average 
weight similarly underestimate their energy 
intake by approximately 20%, as compared 
to energy requirements determined by dou-
bly labeled water, the gold standard (Bandi-
ni, Schoeller, Cyr, & Dietz, 1990; Lichtman 
et al., 1992). In both cases, underestimation 
is thought to be attributable to difficulty 
in accurately determining the portion sizes 
and calories of the foods consumed, as well 
as simply forgetting to record all items. Pa-
tients’ underestimation is not considered 
intentional but is one of the reasons that 
weight losses are often smaller than expect-
ed with the calorie levels prescribed.

Portion-controlled diets, including meal 
replacements, consist of liquid shakes, meal 
bars, and prepackaged or frozen servings 
of conventional foods (e.g., Lean Cuisine, 
Healthy Choice). These products provide di-
eters with a predetermined amount of food 
with a known calorie content, thereby re-
moving much of the guesswork from count-
ing calories (Tsai & Wadden, 2006). Using 
principles of stimulus control, portion-con-
trolled servings reduce unwanted decision 
making about what to eat, as well as contact 
with potentially problem foods. This ap-

proach helps patients meet their calorie tar-
gets and achieve larger weight losses (Tsai & 
Wadden, 2006). Ditschuneit and colleagues 
reported that patients who met with a dieti-
tian once a month and were prescribed a diet 
of 1,200–1,500 kcal/day, which included 
two servings a day of a liquid meal replace-
ment (i.e., SlimFast), lost 7.1 kg in 3 months, 
compared with 1.3 kg for patients who were 
instructed to consume a self-selected diet of 
conventional foods with the same calorie 
target (Ditschuneit, Flechtner-Mors, John-
son, & Adler, 1999). In a meta-analysis of 
six studies, Heymsfield and colleagues found 
that portion-controlled diets produced a 
2.5 kg greater weight loss at both 3 and 12 
months than an equivalent calorie diet com-
prised of conventional foods (Heymsfield, 
van Mierlo, van der Knaap, Heo, & Friar, 
2003).

In several trials, Wadden and colleagues 
prescribed 900–1,200 kcal/day portion- 
controlled diets that included four servings 
daily of a liquid diet (e.g., HMR 800, Bos-
ton, MA), combined with an evening meal 
of a frozen-food entrée, a cup of salad, and 
a fruit serving (Wadden, Vogt., et al., 1997; 
Wadden et al., 2004; Wadden, Faulcon-
bridge, et al., 2011). This approach, as com-
bined with intensive lifestyle intervention, 
reliably induced losses of 10–15% of initial 
weight in 12–16 weeks.

This mixed diet, combining a liquid diet 
with some conventional food, evolved from 
the use of very-low-calorie diets (VLCDs), 
providing 800 or fewer calories per day (Tsai 
& Wadden, 2006). Although some propri-
etary programs (e.g., OPTIFAST and HMR) 
still offer all-liquid VLCDs, in the form of 
five shakes per day with no other foods per-
mitted, this aggressive regimen is now typi-
cally limited to patients with severe obesity 
immediately prior to their undergoing bar-
iatric surgery (Gudzune et al., 2015; Jensen 
et al., 2014). As reviewed by Gudzune and 
Clark (Chapter 29, this volume), VLCDs 
produce mean weight losses as great as 15–
20% of initial weight in 12–16 weeks, but 
weight regain is common even when patients 
are provided weekly weight loss maintenance 
sessions (Wadden, Foster, & Letizia, 1994). 
A minority of patients also complained of 
excessive fear of terminating the VLCD and 
of binge-eating once they did (Wadden & 
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Bartlett, 1992). Our research team found 
that these latter two problems were attenu-
ated by providing patients with the higher 
calorie (900–1,200 kcal/day) mixed diet that 
included some conventional foods (Wadden 
et al., 2004). The problem of weight regain 
following the mixed diet remains but is less 
severe than with VLCDs (Wadden et al., 
2004; Wadden, Falconbridge, et al., 2011).

Pharmacotherapy
Medications for chronic weight manage-
ment are indicated for adults with a BMI ≥ 
30 kg/m2 or with a BMI ≥ 27 kg/m2 who 
have at least one weight-related comorbidity 
(Apovian et al., 2015; Garvey et al., 2016). 
Pharmacotherapy is approved by the FDA 
as an adjunct to a reduced calorie diet and 
increased physical activity and appears to 
facilitate adherence to dietary recommen-
dations by reducing hunger and/or increas-
ing satiation (i.e., fullness) (Apovian et al., 
2015; Wadden, Berkowitz, Sarwer, Prus-
Wisniewski, & Steinberg, 2001). Some med-
ications also may counteract compensatory 
hormonal changes precipitated by caloric 
restriction and weight loss (Ochner, Tsai, 
Kushner, & Wadden, 2015).

Bray and Ryan, in Chapter 21 of this vol-
ume, provide an excellent overview of (1) 
the five medications approved by the FDA 
for chronic weight management; (2) phen-
termine and other drugs approved for short-
term use; and (3) medications frequently 
used off-label for weight management. As 
shown in Figure 17.5, the five medications 
approved for chronic use, as combined with 
low-to-moderate intensity lifestyle counsel-
ing (i.e., ≤1 counseling session per month, as 
provided in most industry-sponsored trials) 
are approximately equally effective as high 
intensity lifestyle intervention alone in help-
ing patients lose ≥ 5% and ≥ 10% of initial 
weight (Heymsfield & Wadden, 2017). The 
sections that follow briefly discuss three is-
sues relevant to the use of weight loss medi-
cations: (1) the importance of combining 
pharmacotherapy with intensive lifestyle 
intervention; (2) the benefit of chronic phar-
macotherapy in facilitating the maintenance 
rather than induction of weight loss; and (3) 
the use of behavioral strategies to facilitate 
medication adherence.

Combining Lifestyle Modification 
and Medication

Intensive lifestyle modification helps pa-
tients consciously restrain their response to 
ubiquitous, high-calorie foods and oppor-
tunities to eat by using behavioral strate-
gies such as cue control, self-monitoring, 
and slowing the rate of eating (see Gomez-
Rubalcava et al., Chapter 20, this volume). 
Behavioral treatment helps patients cope 
with the external food environment. Phar-
macotherapy, by contrast, facilitates weight 
loss by altering the internal environment—
physiological factors, such as reducing hun-
ger (i.e., the drive to initiate eating) and 
potentially food preoccupation (Wadden et 
al., 2001, Wadden, Foreyt, et al., 2011). In 
addition, some medications appear to help 
patients, once they have started eating, to 
feel full more quickly, thereby potentially 
correcting impaired satiation (Apovian et 
al., 2015; Garvey et al., 2016). From a clini-
cal perspective, patients have reported that 
some medications stop them from thinking 
about specific foods or when they’ll have 
their next meal (Wadden, Berkowitz, et al., 
1997). Pharmacotherapy, at its best, appears 
to reduce vulnerability or responsiveness to 
the external food environment.

Given the complementary mechanisms by 
which lifestyle intervention and pharmaco-
therapy appear to induce weight loss, they 
could be expected to have additive effects. 
Such additive weight losses were demon-
strated by Wadden et al. (2005) in a study 
of lifestyle modification combined with 
sibutramine, which was removed from the 
market in 2010 when found to increase the 
risk of cardiovascular morbidity and mor-
tality (James et al., 2010). Nonetheless, the 
study illustrates the results likely to be ob-
tained when currently approved FDA medi-
cations are combined with intensive lifestyle 
intervention. Patients who received sibutra-
mine alone (10–15 mg/day) for 1 year, with 
eight brief medical visits but no lifestyle 
modification, lost 5 kg. Those provided with 
30 group lifestyle modifications sessions, 
but no medication, lost 6.7 kg. Participants 
who received sibutramine (with eight medi-
cal visits) combined with the 30 group life-
style modification sessions lost a significant-
ly greater 12.1 kg, approximately the sum 
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of the two separate treatments. Patients in a 
fourth group, who received sibutramine and 
eight brief visits of lifestyle modification, 
provided by a physician, lost 7.5 kg, suggest-
ing the potential benefit of such counseling.

Other studies have shown that the ad-
dition of intensive lifestyle intervention to 
pharmacotherapy clearly increases weight 
loss, as compared to pharmacotherapy alone 
(Wadden et al., 2001). Similarly, the addi-
tion of pharmacotherapy to lifestyle modi-
fication alone significantly increases weight 
loss, as compared to the latter treatment 
alone (Wadden, Foreyt, et al., 2011). Such 
data should encourage physicians and other 
primary care practitioners to ensure that 

patients receive intensive lifestyle interven-
tion when they are prescribed a medication 
for chronic weight management. Similarly, 
lifestyle interventionists should consider the 
benefits of adding medication to their high-
intensity behavioral programs to increase 
weight loss (Wadden et al., 2005; Wadden, 
Foreyt, et al., 2011).

Chronic Pharmacotherapy for Weight 
Loss Maintenance

Pharmacotherapy was approved by the FDA 
for chronic weight management because of 
the recognition that patients may need to 
take obesity medications indefinitely, in the 

FIGURE 17.5. Weight loss at 1 year with high-intensity lifestyle interventions or pharmacotherapy 
combined with low- to moderate-intensity lifestyle counseling. This figure shows the percentages of 
participants in randomized controlled trials who lost 25% or ≥ 10% of their initial weight. Percent-
ages shown are cumulative; the percentage of participants who lost ≥ 5% of initial weight includes 
the percentage who lost ≥ .0%. From Heymsfield and Wadden (2017). Mechanisms, pathophysiology, 
and management of obesity. New England Journal of Medicine, 376(3), 254–266. Copyright © 2017 
Massachusetts Medical Society. Reprinted with permission from the Massachusetts Medical Society.
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same manner as taking drugs daily for other 
chronic conditions, including hypertension, 
hyperlipidemia, and type 2 diabetes (Apovian 
et al., 2015; Garvey et al., 2016; Yanovski & 
Yanovski, 2014, 2015). Weight loss medica-
tions should not be expected to cure obesity 
in 6 months, any more than antihypertensive 
or antidiabetic agents should be expected 
to have lasting benefits if withdrawn after 
6 months. Obesity, for most persons, is a 
chronic condition requiring long-term care.

Numerous randomized controlled trials 
have shown that the long-term (≥ 1 year) 
use of weight loss medications significantly 
improves the maintenance of lost weight, 
as compared with placebo (Davidson et al., 
1999; Smith et al., 2010; Torgerson, Haupt-
man, Boldrin, & Sjöström, 2004; Wad-
den et al., 2013). This finding holds true 
whether medication is used to induce weight 
loss and then is prescribed for weight loss 
maintenance (Smith et al., 2010) or whether 
initial weight loss is achieved with intensive 
lifestyle intervention alone and medication 
is then introduced to facilitate weight loss 
maintenance (Wadden et al., 2013).

Practitioners will need to prepare patients 
for the plateau in weight loss that typically 
occurs with pharmacotherapy between 6 
and 9 months, after which most individuals 
stop losing weight, despite often remaining 
obese and still taking medication (Apovian 
et al., 2015). Patients should be informed 
that after the first 6 to 9 months the medica-
tion works to keep off the lost weight rather 
than inducing further weight loss (Wadden 
et al., 2001). Patients often are disappointed 
that they cannot lose more weight, and view 
this occurrence as evidence that the medi-
cation is not working. Discontinuing weight 
loss medication usually results in rapid re-
gaining of lost weight (Wadden et al., 2013). 
This regain paradoxically illustrates how 
well the medication was working to facili-
tate weight maintenance.

Facilitating Medication Adherence

In addition to improving patients’ eating and 
activity habits, behavioral principles may be 
used to facilitate adherence to weight loss 
medications. Practitioners may wish to re-
view several issues with patients concerning 
medication adherence. These include:

1. Explaining the mechanisms by which 
the weight loss medication works. This 
includes describing what the medication 
will do (e.g., decrease hunger, increase 
satiation), as well as what the patient 
should do (e.g., decrease exposure to 
food triggers, record food intake).

2. Describing the medication’s possible side 
effects and how the patient should re-
spond to them. This includes having the 
patient call the practitioner before he or 
she stops taking the medication.

3. Inquiring whether the patient or the pa-
tient’s family members have any health 
concerns about the use of medications or 
about their costs (which are not covered 
by most insurance plans).

4. Describing the course of treatment (at 
least for the first 6 months), outlining 
medication use and the frequency of of-
fice visits, and discussing behavioral 
goals of treatment.

5. Developing a medication schedule that 
identifies when and where patients will 
take their medication and what they 
should do in the event of missing a dose. 
The more concrete the schedule, the bet-
ter patient adherence usually is.

6. Having patients keep a daily medication 
log, at least during the first few months. 
This log should be reviewed at subse-
quent office visits.

7. Reviewing how much weight patients can 
realistically expect to lose during the first 
6 months of treatment and helping them 
define success in terms of non-weight-
related outcomes. These might include 
improvements in health complications, 
increased fitness and mobility, or the 
ability to enjoy recreational or social ac-
tivities that the individual has forgone 
because of excess weight (see Shaw Tron-
ieri & Wadden, Chapter 16, this volume).

Weight Loss Devices
Since January 2015, the FDA’s Center for 
Devices and Radiological Health has ap-
proved several nonsurgical weight manage-
ment devices for patients with BMIs start-
ing at 30, 35, and 40 kg/m2 who have been 
unsuccessful with diet and exercise alone. 
These devices are viewed as an alternative 
to bariatric surgery for patients hesitant or 
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unable to pursue this approach, or potential-
ly as a bridge to surgery following device-
induced weight loss. In some cases, initial 
device approval was based on randomized 
trials of only 171 participants, thereby limit-
ing safety and efficacy data. The FDA has 
required additional postapproval studies of 
these devices.

In Chapter 33 of this volume, Soegaard 
Ballester et al. have provided a thorough 
review of both FDA-approved devices and 
those currently under review or in develop-
ment. Three of the recently approved devices 
are space-occupying, intragastric silicone 
balloons, which are endoscopically placed 
and inflated with saline (Neylan, Dempsey, 
Tewksbury, Williams, & Dumon, 2016). Al-
ternatively, some balloons can be swallowed 
in capsule form and then inflated with gas 
using a thin inflation catheter. Intragastric 
balloons are approved for individuals with 
a BMI of 30–40 kg/m2 who have been un-
able to reduce successfully with lifestyle 
modification alone. They are approved for 
6 months of use and produce mean weight 
losses of approximately 7–12% of initial 
weight, principally by limiting the amount 
of food consumed by occupying gastric 
space (Neylan et al., 2016). Single- and 
dual-balloon systems have been approved, 
each recommended with lifestyle counsel-
ing. Common complications include nausea, 
vomiting, and abdominal pain, with 5–15% 
of devices removed because of patient intol-
erance. Balloons must be removed after 6 
months because of concerns about possible 
balloon deflation and attendant complica-
tions, including bowel obstruction. The cur-
rent absence of long-term efficacy data com-
bined with high costs (i.e., $5,000–$10,000) 
raise questions about the long-term benefits 
of this approach, particularly if not used as 
a bridge to bariatric surgery.

The FDA also recently approved a percu-
taneous endoscopic gastrostomy (PEG) tube, 
which is connected to a device that facilitates 
aspiration (evacuation) of about 30–40% of 
ingested calories when used 20–30 minutes 
after eating (Norén & Forssell, 2016). The 
device, combined with lifestyle counseling, 
produced a mean loss of 12.1% at 1 year, 
compared with 3.6% for counseling alone. 
Patient selection and monitoring are criti-
cal to ensuring that the device is not used by 

individuals with bulimia nervosa or related 
eating disorders and that such complications 
do not develop (Neylan et al., 2016). This 
device, as well as an FDA-approved vagus 
nerve stimulator, await further evaluation 
of their long-term safety and efficacy before 
they can be considered established weight 
reduction therapies (see Soegaard Ballester 
et al., Chapter 33, this volume).

Treatment Options:  
BMI ≥ 40 kg/m2—Bariatric Surgery

Multiple randomized controlled trials con-
ducted in the past decade have shown de-
finitively that bariatric surgery is the most 
effective long-term weight loss intervention 
for patients with a BMI > 40 kg/m2, as well 
as for those with a BMI ≥ 35 kg/m2 and one 
or more comorbid conditions (Dixon et al., 
2008; Schauer et al., 2014; Ikramuddin et 
al., 2013). The two most frequently used 
procedures are Roux-en-Y gastric bypass 
(RYGB), considered the gold standard, and 
the newer vertical sleeve gastrectomy (VSG). 
These two operations accounted for 23.1% 
and 53.8%, respectively, of bariatric proce-
dures performed in the United States in 2015 
(American Society for Metabolic and Bariat-
ric Surgery, 2016). Laproscopic adjustable 
gastric banding (LAGB), which was widely 
used in the United States a decade ago, ac-
counted for only 5.7% of procedures in 2015.

As described in detail by Nor Hanipah 
et al. (Chapter 22, this volume), RYGB is 
performed laparoscopically and involves di-
viding the stomach to create a small gastric 
pouch in the upper fundus. The pouch is 
anastomosed to a Roux limb of jejunum that 
bypasses 75–150 cm of small bowel, result-
ing in the bypass of the majority of the stom-
ach, the entire duodenum, and most of the 
jejunum, thereby restricting food and limit-
ing absorption. The procedure combines re-
strictive and malabsorptive mechanisms and 
produces a median loss of approximately 25–
30% of initial weight at 3 years (Courcoulas 
et al., 2015). VSG, introduced in the United 
States in 2007, involves removing approxi-
mately 75% of the stomach, thus bypassing 
the gastric fundus and body (Schauer et al., 
2017). In addition to its restrictive proper-
ties, VSG accelerates gastric emptying and 
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dramatically reduces ghrelin levels, a hor-
mone associated with hunger (Sumithran et 
al., 2011). VSG produces similar or slightly 
smaller weight losses as compared to RYGB. 
In a 5-year randomized controlled trial 
(RCT), Schauer et al. (2017) observed mean 
losses of 23% and 19% in patients who un-
derwent RYGB vs. VSG, respectively. LAGB 
is the least invasive surgical procedure and 
involves placing an inflatable silicone band 
around the fundus of the stomach, creating 
a small pouch (Dixon et al., 2008). Saline 
can be added or removed through a subcu-
taneous port to adjust the diameter of the 
band. This is a restrictive procedure, with no 
changes in gut anatomy or hormones. LAGB 
results in median weight loss of approxi-
mately 15.9% of initial weight at 3 years 
(Courcoulas et al., 2015).

Comparative Treatment Trials
The most convincing evidence of the superi-
ority of bariatric surgery has come from tri-
als of patients with obesity and type 2 diabe-
tes who were randomly assigned to medical 
therapy plus lifestyle intervention or medical 
therapy plus lifestyle intervention and bar-
iatric surgery. Data from three RCTs found 
that approximately 55–60% of patients who 
received RYGB lost 25% or more of initial 
weight at 1 year, as did approximately 45% 
of those who underwent VSG; 85–95% of 
these patients, combined together, lost 15% 
or more of initial weight. With LAGB, 15% 
of patients lost ≥ 25% of weight, and 62% 
lost 15% or more, revealing why this therapy 
has been largely discontinued in the United 
States in favor of RYGB and VSG. In sharp 
contrast to surgical procedures, the most 
comprehensive lifestyle intervention, which 
used the treatment protocol from the Look 
AHEAD study, induced a loss ≥ 15% in only 
12% of patients and a loss of 25% in only 
4% of participants.

The primary outcome in these trials was 
remission of type 2 diabetes, not weight loss. 
Here again, bariatric surgery was superior 
to intensive lifestyle intervention. In the trial 
by Schauer et al. (2012), for example, the 
1-year diabetes remission rates were 42% for 
RYGB, 37% for VSG, and 12% for medical 
therapy plus lifestyle modification. A simi-
lar difference was observed in the trial by 

Ikramuddin et al. (2013): 49% of RYGB-
treated patients achieved diabetes remis-
sion, as compared with 19% for those who 
received medical care and intensive lifestyle 
intervention.

Weighing the Risks and Benefits 
of Bariatric Surgery
Bariatric surgery is associated with a sub-
stantially greater risk of serious adverse 
events, including death, during the first year 
of treatment than are intensive lifestyle in-
tervention and pharmacotherapy (see Nor 
Hanipah et al., Chapter 22, this volume). It 
is also associated with substantially greater 
short-term costs than these other therapies, 
including those for rehospitalization and 
reoperation in a significant minority of pa-
tients. Thus, patient and practitioner must 
carefully review the potential risks of bariat-
ric surgery against the expected benefits for 
the individual in question.

In 1991, after weighing the risks and ben-
efits of surgery, the National Institutes of 
Health recommended that bariatric surgery 
be reserved for individuals with a BMI ≥ 40 
kg/m2 or a BMI ≥ 35 kg/m2 in the presence 
of a significant comorbidity (National Insti-
tutes of Health, 1991). With the increased 
safety of surgery in the past decade, many 
bariatric surgeons and other health profes-
sionals believe that surgery should be con-
sidered for patients based on its capacity to 
ameliorate specific diseases, such as type 2 
diabetes, with less concern for the patient’s 
specific BMI. This is the case with type 2 
diabetes, in particular, because RYGB and 
VSG are believed to ameliorate glucose me-
tabolism by mechanisms independent of 
weight loss alone. The International Dia-
betes Federation has recently proposed that 
surgery be approved for individuals with 
this disease and a BMI as low as 30 kg/m2, 
who are unable to achieve adequate glucose 
control with anti-diabetes medications and 
lifestyle intervention (Rubino et al., 2016). 
When pursued with caution and the collabo-
ration of a multidisciplinary diabetes team, 
we believe that this is an appropriate use of 
bariatric surgery on an experimental basis. 
Additional safety and efficacy data are need-
ed to confirm the benefits of surgery in this 
less obese and likely younger population.
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Future Directions

The weight loss interventions described in 
this chapter clearly are of benefit in reducing 
excess weight and its associated health con-
ditions. However, the treatments—ranging 
from intensive lifestyle intervention to bar-
iatric surgery—will not be fully useful until 
they are universally covered by insurers and 
employers, as argued by Downey and Kyle 
(Chapter 25, this volume). Few insurers, for 
example, consistently cover high-intensity 
lifestyle modification, although it is man-
dated by the Affordable Care Act. Fewer 
still cover anti-obesity medications, requir-
ing patients to pay out of pocket, which re-
sults in short-term use when chronic care is 
needed (Heymsfield & Wadden, 2017. Re-
imbursement of bariatric surgery, by both 
public and private insurers, has improved 
markedly over the past decade and serves 
as a model for expanding coverage for the 
other established weight reduction therapies.

Even if all of these weight loss thera-
pies were well reimbursed, treatment alone 
clearly is not the answer to our nation’s (or 
world’s) epidemic of overweight and obesi-
ty. As discussed by Schwartz and Brownell 
(Chapter 42, this volume), far greater ef-
fort and resources must be directed to the 
prevention of obesity by addressing the en-
vironmental, financial, and socioeconomic 
factors that have driven the epidemic at 
a population level over the past 35 years. 
Bold public policy and legislative initiatives, 
combined with the sincere efforts of key in-
dustries (e.g., food, restaurant, leisure, and 
advertising) are needed to make healthier 
eating and physical activity habits the de-
fault (i.e., automatic) choice rather than the 
one that consumers must struggle to make. 
Individual responsibility for behavior change 
must be joined with social and institutional 
responsibility to prevent the development 
of overweight and obesity and thereby de-
crease the need for treatments discussed in 
this chapter.
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The dietary goal for overweight and obese 
patients is to decrease energy intake while 
avoiding increased hunger between meals 
and maintaining the duration of the satiat-
ing effect of the diet. Moreover, the reduc-
tion in dietary energy intake should not 
compromise nutritional adequacy. Due to 
their enlarged body size, obese individuals 
have higher energy requirements for a given 
level of physical activity than their normal-
weight counterparts. Reducing the obese 
patient’s total energy intake to that of a nor-
mal-weight individual will inevitably cause 
weight loss, consisting of about 75% fat and 
25% lean tissue, until weight normalization 
occurs at a new energy equilibrium. How-
ever, there is increasing evidence to suggest 
that reduced-obese individuals have lower 
energy expenditure than comparable never-
obese individuals, and hence lower energy 
requirements than predicted by their body 
size and composition (Astrup et al., 1999; 
Knuth et al., 2014). This difference can be 
attributed to a physiological adaptation to 
reduced obesity involving suppressed sym-
pathoadrenal activity, thyroid function, and 
lowered leptin levels. However, the energy 
requirements are only modestly reduced 
(i.e., by 5–10%).

The larger the daily deficit in energy 
balance, the more rapid the weight loss. A 

deficit of 300–500 kcal/day will produce a 
weight loss of 300–500 g/week, and a defi-
cit of 500–1,000 kcal/day will produce a 
weight loss of 500–1,000 g/week (0.5–1.0 
kg). Total energy expenditure declines and 
normalizes along with weight loss. Thus, 
total energy intake should gradually be re-
duced further to maintain the energy deficit. 
An alternative approach is to take advantage 
of the differences in the satiating power of 
the various dietary components in order to 
cause a spontaneous reduction in energy in-
take. This is the principle of the ad libitum 
higher-protein, low-glycemic-index (low-GI) 
or low-glycemic-load (low-GL) diets, as well 
as of the low-carbohydrate diets.

Choosing the Dietary Energy Deficit

The initial target of a weight loss program 
should be to decrease body weight by 10%. 
Once this is achieved, a new target can be 
set. However, patients with unrealistically 
high weight loss expectations should not be 
instructed to slow their weight loss rate and 
lower their goals, as these individuals tend 
to be more successful than those with more 
modest weight loss expectations (Casazza 
et al., 2013, 2015). Patients will generally 
want to lose more weight, and greater initial 
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weight loss is associated with better long-
term success. However, it should be remem-
bered that even a 5–10% weight reduction 
improves risk factors and risk of comor-
bidities. Several factors should be taken into 
consideration, including the patient’s degree 
of obesity, previous weight loss attempts, 
risk factors, comorbidities, and personal and 
social capacity to undertake the necessary 
lifestyle changes.

Theoretical Weight Loss 
versus Clinical Outcome

Translating the physiologically based consid-
erations regarding energy balance and weight 
loss into clinical practice requires a high de-
gree of compliance, which can be difficult to 
obtain. Adherence to the diet is the corner-
stone of successful weight loss and the most 
complicated element of dietary management. 
In order to improve adherence, consideration 
should be given to the patient’s food prefer-
ences, as well as to personal, educational, and 
social factors. Great efforts should be made 
to see the patient frequently and regularly.

Furthermore, long-term weight reduction 
is unlikely to succeed unless the patient ac-
tually changes eating and physical activity 
habits, and learns to cope with other obesi-
ty-promoting lifestyles, such as too little or 
impaired sleep, mental stress, and obesity-
promoting medications.

Even with a high degree of compliance to 
the energy restriction, it can be difficult to 
predict weight loss trajectory and outcome 
in terms of effect size. The commonly used 
7,000 kcal/kg weight loss rule (3,500 kcal/
pound) is misleading and leads to overesti-
mation of predicted weight loss in individu-
als and populations (Casazza et al., 2013). 
The most serious error of the 7,000-kcal rule 
is its failure to account for dynamic changes 
in energy balance that occur during loss and 
gain of weight. Moreover, it assumes that 
weight loss will continue without reaching 
a plateau. During weight loss, resting energy 
expenditure (REE) is reduced mainly due to 
the reduction in lean body mass, and the cost 
of movement and exercise is reduced due to 
the lower body weight. However, smaller 
adaptive reductions also occur.

A new, revised mathematical model, 
which takes the changes in energy require-

ments into consideration, predicts that every 
permanent 10-kcal change in caloric intake/
day will lead to an eventual weight change 
of 0.45 kg (1 pound) when the body weight 
reaches a new steady state (~100 kJ/day/kg 
of weight change) (Sanghvi, Redman, Mar-
tin, Ravussin, & Hall, 2015). It will take 
nearly 1 year to achieve 50% and ~3 years to 
achieve 95% of the final steady-state weight 
loss. This model also eliminates the idea 
that small lifestyle changes producing small 
deficits in energy balance will lead to large 
weight losses over time. Older models sug-
gested that an overweight or obese person 
should expend an additional daily 100 kcal 
by walking 1 mile a day, which would result 
in a weight loss of 23 kg (50 pounds) over 5 
years. However, the resulting weight loss, as 
predicted by the new model, is only 4.5 kg 
(10 pounds) over 5 years. Moreover, even the 
revised model gives an optimistic assessment 
of weight change because it does not account 
for the potential active compensation in en-
ergy intake that occurs when physical activ-
ity is increased.

Options for Weight Loss Diets: Level 
of Energy Restriction

Therapeutic obesity diets distinguish be-
tween several recognized weight reduction 
regimens. Diets based on different levels of 
energy restriction are described in this sec-
tion.

Very‑Low‑Energy Diets
Starvation (less than 200 kcal/day) is the 
ultimate dietary treatment of obesity, but it 
is no longer used because of the numerous 
and serious medical complications associ-
ated with prolonged starvation. Starvation 
has been replaced by very-low-energy diets 
(VLEDs, 200–800 kcal/day), which aim 
to supply very little energy while still pro-
viding all essential nutrients. The safety of 
these diets has been questioned, and today 
the 800 kcal/day VLED is the only version 
recognized as being both effective and safe. 
These diets are usually provided in the form 
of nutrition powders or in the form of pro-
tein, mineral, trace element, and vitamin en-
riched meals or drinks. VLEDs can induce 
very rapid weight loss over a 2- to 3-month 
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period. The typical weight loss distribution 
after 8 weeks in obese individuals prescribed 
an 800–1,000 kcal/day diet, mainly based 
on meal replacements, is shown in Figure 
18.1.

By themselves, VLEDs are not education-
al, nor do they facilitate the gradual modi-
fication of the patient’s eating behavior, 
nutritional knowledge, and weight control 
skills, all of which seem to be required for 
long-term weight maintenance. However, 
after the initial weight loss achieved with a 
VLED, weight maintenance can be facilitat-
ed by using single-meal replacements (Casa-
zza et al., 2015).

Low‑Energy Diets
Low-energy diets (LEDs) usually provide 
800–1,500 kcal/day and normally consist 
of natural, conventional foods, but may also 
include one to four meal replacement prod-
ucts per day. Although the macronutrient 
composition of the diet is of less importance 
for short-term weight loss, it is now usually 
modified to maximize the beneficial effect 
on cardiovascular risk factors and insu-
lin resistance and to prevent cancers. This 
modification may also promote long-term 
weight maintenance. For practical reasons, 
LEDs are moderate-fat, higher-protein diets, 
with reduced refined carbohydrates (high 

GI) and a fixed energy allowance. A patient 
may choose an energy level of 1,000–1,200 
kcal/day (for women) or 1,200–1,500 kcal/
day (for men). LEDs produce a lower rate 
of weight loss than VLEDs, but random-
ized controlled trials (RCTs) demonstrate 
that the long-term (>1 year) weight loss is 
not different from that of the VLED (Tsai 
& Wadden, 2006). Furthermore, using 
LEDs for weight loss induction introduces 
healthy eating habits early in the weight re-
duction program, giving a longer period in 
which to familiarize the patient with the di-
etary changes that are a central element in a 
weight maintenance program.

Intermittent or Alternate‑Day Fasting Diets
Intermittent fasting, which is also known as 
alternate-day fasting, is a relatively new and 
popular approach to weight management 
that involves interspersing normal daily ca-
loric intake with a short period of severe 
calorie restriction. It has been claimed to be 
superior to conventional diets, both in terms 
of weight loss efficacy and in improvements 
in cardiometabolic risk factors (Harvie & 
Howell, 2017). Intermittent fasting involves 
the intermittent use of a VLED. There are 
still questions about the side effects of this 
approach, whether there is an optimal fast-
ing pattern or calorie limit, and how sus-
tainable this strategy is for long-term weight 
management.

Intermittent fasting has recently gained 
much popularity following significant media 
attention. One intermittent fasting approach 
is the “5:2 diet,” which involves 5 days of 
habitual eating interchanged with 2 days of 
a VLED (maximum 500 kcal for women and 
600 kcal for men). Other intermittent fast-
ing patterns, such as alternate-day fasting, 
are also used. Despite the recent popularity 
of intermittent fasting and the much-publi-
cized weight loss claims associated with this 
approach, the evidence base in humans re-
mains small, and there is only one published 
systematic review examining the health ben-
efits of this approach. The current evidence 
suggests that this option can be regarded as 
a safe alternative for obese patients who find 
the approach attractive and effective. How-
ever, the claim that it produces superior ad-
herence to the energy restriction, as well as 
weight loss beyond what could be expected 
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from the energy deficit, is unsubstantiated 
(Seimon et al., 2015).

Personalized Diets: One Diet Does Not 
Fit All

It is generally recognized that certain diets 
are more obesity promoting than others, 
and this is the basis for dietary recommen-
dations aimed at preventing weight gain and 
obesity. There is no consensus about all ele-
ments, but most professionals would agree 
upon advice such as decreasing the intake of 
sugar-rich soft drinks and of energy-dense 
fast foods characterized by a high fat con-
tent and starchy carbohydrates with low 
fiber and whole-grain content. In addition, 
increasing the intake of nutrient-dense foods 
moderate in fat and higher in protein, fiber, 
and whole grains may lead to a spontaneous 
reduction in total energy intake and, thus, 
promote weight loss. The same principles are 
reflected in diets for weight loss. Changing 
diet composition can be a very effective tool 
for enhancing satiety and reducing sponta-
neous energy intake. However, there seems 
to be substantial variability in individual 
responsiveness to the different diets. So far, 
mapping of obesity genes has produced very 
limited advantages for the majority of obese 
patients. Carriers of the obesity promoting 
allele of the FTO gene are typically around 
3 kg heavier than those without, but they do 
not have an impaired weight loss response 
to diet, exercise, obesity drugs, or bariat-
ric surgery (Livingstone et al., 2016). Some 
promising genetic markers are listed in Table 
18.1 (Heianza et al., 2016; Mattei, Qi, Hu, 
Sacks, & Qi, 2012; Stocks et al., 2013). Ad-

ditional examples of the influence of various 
genes are shown in the review by Bray and 
Siri-Torino (2016).

Recent discoveries have identified pre-
treatment biomarkers that make it possible 
to select more effective diets for obese in-
dividuals based on simple fasting plasma 
glucose concentrations. The concept is 
based on the observation that normal insu-
lin sensitivity and secretion is required for 
postprandial glucose uptake in the brain 
to produce satiety according to the gluco-
static appetite control mechanism. It means 
that dietary carbohydrates exert a normal 
satiety signal in the normoglycemic obese 
individual, whereas increasing CNS insulin 
resistance limits glucose uptake and carbo-
hydrate-induced satiety is gradually attenu-
ated when moving from the normoglycemic 
to the prediabetic and further to the type 2 
diabetic obese. Prediabetic and particularly 
type 2 diabetics are more likely prone to 
overeat on carbohydrate-rich diets, whereas 
diets with less carbohydrate and more pro-
tein and fat in these patients tend to rely on 
satiety signals such as the gastrointestinal 
satiety hormones (i.e., GLP-1 and PYY). 
This individualized diet therapy based on 
glucose metabolic status has proved effec-
tive in causing and maintaining weight loss 
in reanalyses of a number of clinical trials 
(Hjorth, Ritz, et al., 2017; Hjorth, Due, 
Larsen, & Astrup, 2017), and has contrib-
uted to understanding why low-fat diets 
may be more effective in some trials (pre-
dominantly normoglycemic obese), whereas 
low-carbohydrate diets are more effec-
tive in other trials (mainly type 2 diabetic 
obese subjects). For obese subjects with 
pre- diabetes, lower glycemic load diet with 

TABLE 18.1. Examples of Potential Genetic Markers of Weight Loss 
Responsiveness on Diets with Different Macronutrient Composition

Genetic variant
Low fat/high 
carbohydrate

Low carbohydrate/
high fat

High 
protein

Low 
protein

TCFF7L2 
(rs1225537)

TT –9.5 [–5.0] –4.8 [–2.0]

TFAP2B 
(rs987237)

AA 
GG

–0.9 
+1.2

+1.5 
–1.4

FGF21 
(rs838147)

C 
Carrier

–0.2 [–1.3] +1.5 [+1.9]

Note. Weight change (kg) and [fat loss].
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high-fiber and whole-grain produce greater 
weight loss and maintenance.

Limitations of Randomized Dietary 
Intervention Trials

Evidence of the effects on body weight of 
diets with different macronutrient composi-
tions, glycemic index, fiber and whole-grain 
contents stems mainly from mechanistic 
studies and RCTs, as it is difficult to get a 
true picture of these effects from longitu-
dinal, observational studies. Results of nu-
merous such RCTs are discussed in the next 
section. However, nutrition-related clinical 
trials also have major limitations arising 
from the difficulties in maintaining dietary 
adherence over the long term, the inherent 
complexity of diet change (in which changes 
in one dietary factor characteristically pro-
duce changes in others), variable background 
diet, and limited power to examine hard 
outcomes. Whereas pharmacological trials 
may require participants to do little more 
than take a drug or placebo, nutrition stud-
ies often demand alteration in food purchas-
ing, food preparation, and eating behaviors. 
Unlike much industry-sponsored pharma-
cological research, diet studies rarely have 
multimillion-dollar annual budgets and the 
resources to properly support fundamental 
lifestyle changes. Indeed, most long-term be-
havioral diet studies suffer from poor treat-
ment fidelity and differentiation between 
treatment groups, and consequently cannot 
provide a rigorous test of study hypotheses. 
One would not reject a promising treatment 
for Alzheimer’s disease based on a null clini-
cal trial if patients in the treatment group 
failed to take the drug as intended. Yet this 
leap is routinely made in the field of nutri-
tion (Ludwig, Astrup, & Willett, 2015).

In contrast to behavioral diet trials, feed-
ing studies aim to achieve better compliance 
within a sample of strongly motivated par-
ticipants by providing meals prepared in a 
highly controlled setting. This study design 
can provide important insights into physi-
ological mechanisms, but may lack general-
izability to broad populations over the long 
term. Furthermore, the cost and logistical 
challenges of feeding studies usually limits 
duration to weeks or a few months, neces-
sitating use of surrogate endpoints.

Diets with Different 
Macronutrient Distributions
Ad Libitum Lower‑Fat Diets  
(25–30% Energy from Fat)
Data from animal and experimental re-
search, observational studies, and RCTs 
have shown that a high dietary fat content 
plays some role in the development of obesi-
ty (Yu-Poth et al., 1999; Astrup, Ryan, et al., 
2000) (Figures 18.2A and 18.2B). A high-fat 
diet has been shown to promote weight gain 
and obesity in many experimental studies, 
both in animals and in humans. The main 
mechanism seems to be passive overcon-
sumption of energy, but it is difficult to dis-
entangle the causal role of factors such as 
high-energy density, lower contents of fiber 
and whole grains, and other traits of fatty 
diets and foods. Lower-fat diets can be more 
satiating providing that the fat is replaced by 
protein and, to some extent, by more satiat-
ing carbohydrates—that is, low-GI carbohy-
drates, high-fiber foods, and whole grains. 
Low-fat diets in which fat is replaced by re-
fined starch and simple carbohydrates will 
produce little or no weight loss and have ad-
verse effects on cardiovascular risk factors. 
A meta-analysis of ad libitum low-fat inter-
ventions lasting >2 months found a weight 
loss difference of 3.3 kg (Astrup, Grunwald, 
Melanson, Saris, & Hill, 2000; Jéquier & 
Bray, 2002).

The lower-fat diet (25–30% of energy) 
is clinically relevant for obese patients who 
habitually consume a high-fat diet (35–50% 
of energy), but for the majority of the obese 
population, only a modest reduction in di-
etary fat content is possible. More empha-
sis should be put on nonfat dietary compo-
nents—such as reduction of soft drinks and 
modification of protein, glycemic index, 
fiber, and whole grains—and on quality, in 
order to ensure the lowest cardiovascular 
risk profile.

Evidence supports that lower-fat diets are 
most effective among insulin-sensitive obese 
individuals with a low or impaired fat oxida-
tion capacity. By contrast, these diets have 
little or no weight effect in more insulin-
resistant individuals with obesity and im-
paired insulin-mediated glucose uptake (see 
the Personalized Diets section). Lower-fat 
diets may even have an adverse effect in such 
individuals.
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Ad Libitum Low‑Carbohydrate Diets
Low-fat diets with higher protein have pre-
viously been recommended as the optimal 
weight loss diet. Numerous RCTs have been 
endeavored to assess their efficacy and safe-
ty. Many low-carbohydrate diets consist of 
an initial phase that restricts carbohydrate 
intake to < 50 g/day (~20% of energy), 
gradually increasing carbohydrate content 
to 30–40% as weight loss is achieved. The 
weight loss results in improvements in all 
cardiovascular and diabetes risk factors, but 
the major issue is whether the patient can 
adhere to a diet that dramatically reduces 
or almost eliminates all starchy and sug-
ary carbohydrates over the long term. The 
low-carbohydrate intake depletes glycogen 
stores, and the patient develops “anorexia 
of starvation,” also known from VLEDs. 
This is believed to be a partial mechanism 
behind the satiety effect and the spontane-
ous reduction in energy intake that results 
from this diet. There might be a slight ther-
mogenic effect of this diet, but the effect size 
is too small to have clinical relevance (Hall 

et al., 2016). However, when starchy carbo-
hydrates are restricted, meal plans typically 
increase the content of satiating high-protein 
foods and fiber-rich vegetables with low-en-
ergy density.

A number of meta-analyses of RCTs have 
compared low-fat with low-carbohydrate 
diets. They generally have found that low-
carbohydrate diets are superior in producing 
weight loss in the short term, but the differ-
ence seems to diminish over time (Sackner-
Bernstein, Kantner, & Kaul, 2015; Tobias 
et al., 2015; Mansoor, Vinknes, Veierød, & 
Retterstøl, 2016). One meta-analysis con-
cluded that after 6 months, weight loss for 
participants on a low-carbohydrate diet was 
only 1.4 kg greater than on a low-fat diet. At 
12 months the difference was only 0.8 kg.

Higher‑Protein Diets
The normally recommended level of protein 
in the diet is determined by the minimum re-
quired to maintain nitrogen balance. How-
ever, there is some evidence that higher lev-
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els of dietary protein could help prevent and 
treat disorders such as obesity, metabolic 
syndrome, and type 2 diabetes. The litera-
ture on RCTs is inconsistent regarding the 
efficacy of higher-protein diets, rendering 
this topic contentious.

A higher-protein content is a feature of 
most lower-fat and lower-carbohydrate 
diets. Low-carbohydrate, high-fat diets are 
also much higher in protein, just as higher-
protein diets are lower in carbohydrate, and 
in some cases, also lower in fat.

Short-term studies have illustrated the 
mechanisms by which higher-protein intake 
promotes negative fat balance and reduction 
of body fat stores. Protein generally exerts 
a greater satiety effect than other macronu-
trients, whether in drinks or in solid foods. 
There is accumulating evidence that this 
satiation is partly mediated by a synergistic 
effect of the satiety hormones glucagon-like 
peptide-1 (GLP-1) and peptide YY (PYY) re-
leased from the small intestine (Belza et al., 
2013; see Figure 18.3). The thermic effect of 
protein is also greater than that of carbohy-
drate or fat (Mikkelsen, Toubro, & Astrup, 
2000). During weight loss, higher-protein 
diets preserve lean body tissue, the major 
determinant of resting and 24-hour energy 
expenditure, curbing reduction in energy 
expenditure. This is particularly significant 
when higher-protein diets are combined 
with physical training.

A major study conducted in United States, 
the POUNDS Lost (Preventing Overweight 
Using Novel Dietary Strategies) trial, found 
similar weight loss after 6 months and 2 
years among participants assigned to four 
diets that differed in their proportions of 
energy from the three major macronutrients 
(Sacks et al., 2009). The diets were low or 
high in total fat (20 or 40%) with normal 
or high protein (15 or 25%). Carbohydrate 
content ranged from 35 to 65% of calories. 
The diets all used the same calorie reduction 
goals and were low in saturated fat and high 
in dietary fiber. On average, participants 
lost 6–7 kg after 6 months and ~5 kg after 
2 years. The results indicate that energy re-
striction is more important for induction of 
weight loss than macronutrient composi-
tion. The results provide clinicians with dif-
ferent options, allowing obese individuals to 
choose an approach that they are most likely 
to sustain and is most suited to their person-
al preferences and health needs.

Mediterranean Diet and Similar 
Regional Diets
A Mediterranean diet restricted to an ener-
gy intake of 1,500 kcal/day for women and 
1,800 kcal/day for men, with a goal of no 
more than 35% of calories from fat, has been 
found to produce greater weight loss than a 
similarly energy-restricted low-fat diet in 

FIGURE 18.3. Replacement of carbohydrate for protein increases satiety in a dose-dependent manner. 
E%, energy percentage; VAS, visual analogue scale; HP, high protein; MHP, medium high protein; NP, 
normal protein. From Belza et al. (2013). Reprinted by permission.
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some, but not all, studies (Shai et al., 2009; 
Astrup, 2008). In an RCT, the Mediterra-
nean diet was found to be just as effective 
as an Atkins type of low-carbohydrate, ad 
libitum (non-calorie-restricted) diet aimed 
to provide 20 g of carbohydrates/day for the 
2-month induction phase, with a gradual in-
crease to a maximum of 120 g/day to main-
tain the weight loss (Shai et al., 2009).

After 2 years, the mean weight loss was 
2.9 kg for the low-fat group, 4.4 kg for the 
Mediterranean-diet group, and 4.7 kg for 
the low-carbohydrate group (Shai et al., 
2009). Similar results have been found with 
another regional diet based on very similar 
foods groups (see Table 18.2).

The new Nordic diet (NND) is a gas-
tronomically driven regional, organic, and 
environmentally friendly diet. It was tested 
in a carefully controlled RCT, in a free-liv-
ing setting, in individuals with abdominal 
obesity (Poulsen et al., 2014). The subjects 
were randomly assigned to receive either 
the NND (high in fruit, vegetables, whole 
grains, and fish) or an average Danish diet 
(ADD; a diet with fewer fruits, berries, and 
vegetables, and higher in meat and refined 
carbohydrates) for 6 months. Participants 
received cookbooks and all foods ad libitum 
and free of charge by using a shop model 
with no caloric restriction. The weight 
change was –4.7 kg for the NND and –1.5 
kg for the ADD. The concept of using diets 
based on whole foods providing more fiber, 
whole grain, and less energy-dense content, 
without special emphasis, is gaining increas-
ing attention and offers another option for 
weight loss and perhaps particularly for 
weight maintenance diets.

GI and GL

An appreciable body of evidence supports 
the hypothesis that a reduced carbohydrate 
intake can enhance weight loss, though 
probably only in a subset of the obese sub-
jects with insulin resistance (Chaput, Trem-
blay, Rimm, Bouchard & Ludwig, 2008; 
Ebbeling, Leidig, Feldman, Lovesky & Lud-
wig, 2007; Hron, Ebbeling, Feldman, & 
Ludwig, 2015). This does not mean that car-
bohydrates should be avoided in this group 
of patients. Carbohydrates that are present 
in different foods have distinct physiologi-
cal effects, including differences in rate of 
digestion and absorption, thereby influenc-
ing appetite (hunger and satiety), fuel par-
titioning, metabolic rate, and postprandial 
glycaemia and insulinemia. The glycemic 
qualities of carbohydrates—defined by their 
GI and GL—are most relevant to insulin-
resistant individuals who are overweight 
and at increased risk of diabetes. The GI is 
a food classification derived from the post-
prandial blood glucose response relative to 
a reference food, gram for gram of carbohy-
drate. The GL—the mathematical product 
of the GI and the amount of carbohydrate 
per serving—encapsulates both the quality 
and quantity of a carbohydrate, and is the 
single best predictor of postprandial glycae-
mia.

In overweight and insulin-resistant indi-
viduals, glycemic spikes and insulin demand 
are excessively increased. A meta-analysis 
of 24 prospective cohort studies with 7.5 
million person-years of follow-up indicated 
that high dietary GL was positively associ-
ated with a 1.45-fold higher relative risk of 
type 2 diabetes per 100 g increment in GL. 
Meta-analyses of RCTs indicate that ad li-
bitum low-GI and/or low-GL diets promote 
faster weight loss and greater loss of body 
fat than do conventional diets (Augustin et 
al., 2015). Whereas most diets exert their 
effect on energy balance via effects on ap-
petite and rewarding systems, and hence 
work through effects on spontaneous en-
ergy intake, some diets may also affect en-
ergy expenditure and loss of energy by the 
stools.

Reduced energy expenditure following a 
period of weight loss is thought to contribute 
to weight regain. Studies have shown that 

TABLE 18.2. Similarities and Differences 
between the New Nordic Diet 
and the Mediterranean Diet

Similarities Differences

Both diets call for more 
vegetables, fruit, whole 
grains, fish, nonanimal 
proteins, moderate 
consumption of low-fat 
dairy, less meat and 
fewer sweets, and 
avoidance of processed 
food.

The Nordic diet uses 
rapeseed oil instead 
of olive oil, ramsons 
instead of garlic, 
buckthorn instead of 
lemon, etc.
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the drop in REE is greatest for conventional 
low-fat diets (205 kcal/day, on average) and 
least for low-GI or low-GL diets (138–166 
kcal/day) (Agus, Swain, Larson, Eckert, & 
Ludwig, 2000).

Individual Responsiveness to Weight Loss 
on Low‑GI/GL Diets
Ebbeling et al. (2007) assigned 73 subjects 
to either a low-fat (55% carbohydrate and 
20% fat) diet or a GL diet (40% carbohy-
drate and 35% fat), with no prescribed en-
ergy restriction (subjects could eat to satisfy 
appetite) (Ebbeling et al., 2007; Ludwig et 
al., 2015). The study found no difference 
in weight loss between the groups after 6 
months of intervention or at the 18-month 
follow-up. However, there were differing 
responses in those with higher versus lower 
insulin concentrations—a marker of insulin 
resistance. Among the obese subjects with 
a high 30-minute insulin level following an 
oral glucose tolerance test, the low GL diet 
produced a much greater decrease in weight 
compared with the conventional low-fat 
diet. The diets produced similar results in 
those with low 30-minute insulin levels.

In another study, 21 overweight indi-
viduals were assigned to one of three diets 
with different levels of GL for 4 weeks each 
(Ebbeling et al., 2012). Again, those with 
high 30-minute insulin levels responded 
differently to those with low 30-minute 
insulin levels. Those with high insulin 
lost more fat tissue on the lower-GL diets. 
There were also differences in resting met-
abolic rate that favored the low-GL diets. 
These studies were relatively small, but the 
same phenomenon has also been observed 
in large observational studies. For exam-
ple, in the Quebec Family Study 30-minute 
insulin levels were found to predict weight 
change over the subsequent 6-year obser-
vation period (Chaput et al., 2008). Sub-
jects with the highest 30-minute insulin 
levels had the largest weight gain, and the 
effect was most pronounced among people 
consuming a high-GL diet. These studies 
support the concept that insulin-resistant 
individuals are more likely to lose weight 
on diets with reductions in carbohydrate 
content and GI than insulin-sensitive obese 
individuals.

Added Sugar 
and Sugar‑Sweetened Beverages

A topic that continues to dominate the obe-
sity debate is the role of sugar consumption 
in weight gain. The term sugar can refer to 
added or refined sugars, but scientifically it 
covers both naturally occurring and added 
sugars because the body is unable to dis-
tinguish between different sources. Theo-
retically, a diet that is high in sugar(s) may 
result in the suppression of fat oxidation, 
creating a metabolic environment likely to 
promote obesity. However, this is also true 
of a diet high in starch, particularly, high-GI 
starch. When added sugars are substituted 
with other carbohydrates (e.g., starch with 
the same calories), there is no effect on BMI, 
weight, or body fat. Although added sugars 
offer no nutritional benefits, their sweetness 
is an effective tool to increase enjoyment and 
consumption of nutrient-dense foods.

Meta-analyses of controlled feeding trials 
in which sugar-sweetened beverages (SSBs) 
were added to the diet showed a dose-depen-
dent increase in weight, particularly among 
those with a high genetically determined 
obesity risk (Malik, Pan, Willett, & Hu, 
2013; Kaiser, Shikany, Keating, & Allison, 
2013). However, studies that attempted to 
reduce SSB intake show equivocal effects. 
When limited to overweight participants 
only, a small amount of weight loss or less 
weight gain is evident. Two large RCTs 
with children and adolescents, with a high 
degree of compliance, provided convincing 
data that reducing consumption of SSBs de-
creased weight gain and adiposity, although 
the effect size was small. There is evidence to 
support a special adverse effect of fructose 
(Bray, 2010), and future studies should dis-
tinguish between soft drinks that use high-
fructose cornstarch (e.g., those produced in 
the United States) and those that use sucrose 
(e.g., the European Union) for soft drinks. 
One short-term randomized trial showed ad-
verse effects on ectopic fat depositions and 
blood pressure by 1 liter/day of SSBs as com-
pared to water or milk (Maersk et al., 2012).

Replacement of caloric sweeteners with 
lower or zero-calorie alternatives may be a 
useful dietary tool to improve compliance 
and facilitate weight loss and weight loss 
maintenance by helping to reduce energy 
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intake. In systematic reviews low-calorie 
sweeteners modestly reduced BMI, fat mass, 
and waist circumference, but this reduction 
is not evident in prospective cohort studies. 
Indeed, the results of these studies indicate 
that low-calorie sweeteners are associated 
with a slightly higher BMI.

Fiber and Whole Grains

High intakes of fiber and whole grains are 
recommended for the population at large 
because of their high micronutrient density, 
bulk, and satiating qualities. In large pro-
spective cohort studies, high intake of ce-
real fiber and whole-grain foods is strongly 
linked with decreased rates of weight gain, 
type 2 diabetes, ischemic heart disease, and 
hypertension. A recent meta-analysis of 
RCTs found a modest but potentially impor-
tant effect on body fat (Pol et al., 2013). The 
positive effect of oat products may be as-
cribed to their slower digestion and absorp-
tion (low GI) rather than their fiber content. 
Thus, ascribing an equal health value to all 
types of whole-grain foods, without regard 
to the physical structure and type of cereal, 
may not be helpful. At present the evidence 
for recommending whole grains in place of 
refined grains for weight loss per se is weak.

Dietary Weight Maintenance Programs

In professional weight management pro-
grams, LEDs induce a ≥ 5% weight loss 
in more than 50% of the patients, and fre-
quent clinical encounters during the initial 
6 months of weight reduction appear to fa-
cilitate achievement of therapy goals. More 
ambitious success criteria (> 10% weight 
loss) can be met by 25–30% of patients if the 
treatment program also includes group ther-
apy and behavior modification. A number of 
studies suggest that the use of information 
technology can further improve the cost–
benefit of the programs. The real challenge 
is to maintain the reduced body weight and 
prevent subsequent relapse (Astrup, 2015; 
see Figure 18.4).

In a systematic review of long-term (> 
3-year follow-up) efficacy of dietary treat-
ment of obesity, success was defined as 
maintenance of all weight initially lost or 
maintenance of at least 9 kg of initial weight 
loss (Ayyad & Andersen, 2000; Anderson, 
Konz, Frederich, & Wood, 2001). Initial 
weight loss was 4–28 kg, 15% of the follow-
up patients fulfilled one of the success crite-
ria, and the success rate was stable for up to 
14 years of observation. Diet combined with 
group therapy led to better long-term suc-
cess rates (27%) than did diet alone (15%), 

FIGURE 18.4. Maintenance of reduced body weight over time. From Astrup (2015). Treatment of 
obesity: Lifestyle and pharmacotherapy. In R. A. DeFronzo, E. Ferrannini, P. Zimmet, & K. G. M. 
M. Alberti (Eds.), International textbook of diabetes mellitus (4th ed., pp. 489–504). Chichester, UK: 
Wiley. Copyright © 2015 Wiley. Reprinted by permission.
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or diet combined with behavior modifica-
tion and active follow-up, although active 
follow-up produced better weight main-
tenance than passive follow-up (19% vs. 
10%).

Diet Principles for Weight 
Loss Maintenance

Whereas energy restriction (LED) is success-
ful for weight loss induction independent 
of dietary composition, the medium-fat, 
higher-protein/low GI diet seems to be more 
effective for long-term weight maintenance 
and prevention of weight regain. Weight 
maintenance diets need to be realistic, un-
restrictive, and to fit into a food culture in 
order to be accepted over the long term and 
achieve compliance from the reduced-obese 
subjects.

In the diet, obesity, and genes (DioGenes) 
European multicenter trial, the impact of 
higher-protein and lower-GI diets for pre-
vention of weight regain was studied in 800 
obese families (Larsen et al., 2010). After an 
initial weight loss of 11 kg achieved by an 
800 kcal/day diet over 8 weeks in the obese 
adults, they were randomized to five diets 
differing in protein content and GI. After 8 
months, those randomized to higher protein 
and lower GI remained essentially weight 
stable, whereas those on diets with normal 
protein and higher GI regained weight. The 
effect of higher protein (23% of energy) 
and lower GI was additive. In this trial all 
diets were moderate in fat (25–30% of en-
ergy). In the normal-protein (NP) group, 
10–15% of energy intake was comprised 
of protein. In the high-protein (HP) group, 
protein accounted for 22–24% of energy in-
take. Weight regain was ~1 kg less in the HP 
group than in the NP group, and ~1 kg less 
in the low GI (LGI) groups than in the high 
GI (HGI) groups. HP diets were more likely 
to produce an additional 5% weight loss 
after randomization than NP diets (odds 
ratio [OR], 1.92), and LGI diets were more 
likely to result in an additional 5% weight 
loss than were HGI diets (Handjieva-Dar-
lenska et al., 2011). Thus a slight increase in 
dietary protein and corresponding reduction 
in carbohydrate, together with lowering GI 
by 5 units, exerted an additive effect on body 

weight maintenance after a LED-induced 
weight loss. After 14 months subjects on the 
HP diets had regained 2–3 kg less than those 
in the NP group, those on HP diets lost a 
total of 7.3 kg compared to 4.5 kg in the NP 
group. After 14 months the LGI diet was not 
found to have any effect.

This diet composition has also been 
shown to be effective in children (Papadaki 
et al., 2011) and to improve cardiometabolic 
risk. The HP–LGI diet produced a spontane-
ous 14.3% decline in the prevalence of over-
weight and obesity among the children ages 
5–18 years who participated in the trial.

The challenge is to incorporate the weight 
maintenance diet into a food culture in order 
to achieve long-term adherence. It is impor-
tant that weight maintenance diets are easily 
incorporated into normal food culture, and 
that availability, cost, and taste are not bar-
riers for adopting the diet. Although meta-
analyses suggest that there are long-term 
benefits on weight maintenance of higher 
protein diets, the effect size is small (Clifton, 
Condo, & Keogh, 2014).

Conclusions and Key Messages

This review has revealed that diet is a cor-
nerstone of obesity management and that 
adherence to a reduced energy intake is a 
key challenge. The principal findings can be 
summarized as follows:

•• LEDs and VLEDs using meal replace-
ments effectively induce weight loss by en-
suring a higher degree of adherence.

•• A greater initial weight loss is associ-
ated with greater long-term retention and 
weight maintenance.

•• Different diets take advantage of an en-
hanced satiety effect provided by higher 
protein content and lower content of fat, 
refined carbohydrates, and sugar-rich soft 
drinks.

•• Higher-protein, low-carbohydrate diets 
are the most efficient and generally pro-
duce beneficial effects on all cardiometa-
bolic risk factors. Long-term adherence 
may be a challenge.

•• Greater weight loss can be achieved by 
using low-fat, high-carbohydrate diets in 
normoglycemic obese subjects, low glyce-
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mic load diets with higher fiber and whole 
grain in the prediabetic obese, and lower 
carbohydrate, higher fat, and higher pro-
tein in type 2 diabetic obese subjects.
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Given the prevalence of overweight and obe-
sity in adults, there is a public health need 
to identify effective lifestyle factors that 
contribute to the prevention of additional 
weight gain. A growing literature supports 
physical activity as a key lifestyle factor that 
contributes to this important public health 
goal.

Data from population-based studies have 
shown an inverse association between mea-
sures of adiposity and physical activity, 
particularly moderate- to vigorous-inten-
sity physical activity (MVPA). A study of 
more than 4,500 adults from the National 
Health and Nutrition Examination Survey 
(NHANES) showed that greater physical 
activity was associated with a lower body 
mass index (BMI) (Fan et al., 2013). How-
ever, of importance, only physical activity 
that was of moderate to vigorous intensity 
was inversely associated with BMI. This re-
lationship did not hold with lower intensities 
of physical activity. These data suggest that 
there is a threshold of physical activity inten-
sity necessary to affect body weight and pre-
vent excessive weight gain. Cross-sectional 
baseline data from the Look AHEAD trial 
have also shown an inverse association be-

tween objectively measured physical activity 
and BMI (Jakicic et al., 2010). In this cohort 
of adults with type 2 diabetes who were also 
either overweight or obese, the data showed 
that MVPA was lower at higher categories of 
BMI. However, despite this evidence, these 
cross-sectional data alone are not sufficient 
to prove that engaging in physical activ-
ity will result in the prevention of excessive 
weight gain in adults.

There is compelling evidence from pro-
spective cohort studies to support physical 
activity as a factor that contributes to the 
prevention of weight gain. Data from the 
NHANES I Epidemiologic Followup Study 
showed a higher odds of significant weight 
gain in adults who were at a low activity 
level at baseline and remained so at the 10-
year follow-up period, compared to those 
who transitioned from low activity to high 
activity or those who remained highly ac-
tive (Williamson et al., 1993). Moreover, 
a prospective cohort study of over 34,000 
women showed that physical activity was 
inversely associated with weight gain over 
a mean follow-up period of approximately 
3 years (Lee, Djousse, Sesso, Wang, & Bu-
ring, 2010). Approximately 60 minutes/day 
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of MVPA were associated with prevention of 
weight gain or gaining less than 2.3 kg dur-
ing the 3-year follow-up period. However, 
an important finding from this study was 
that this association was only observed in 
women who had an initial BMI of less than 
25 kg/m2; physical activity was not associat-
ed with prevention of weight gain in women 
with an initial BMI ≥ 25 kg/m2. The thresh-
old of 60 minutes/day of physical activity 
was also shown to be associated with pre-
vention of weight gain over a 5-year period 
in older adult men in the Harvard Alumni 
Study (Shiroma, Sesso, & Lee, 2012).

Data from intervention trials also sup-
port the contribution of physical activity 
to the prevention of weight gain. However, 
close examination shows that many of these 
studies actually demonstrate that physical 
activity results in modest weight loss rather 
than solely preventing of weight gain. In a 
12-month physical activity intervention, the 
mean difference in weight change between 
participants in the intervention and control 
groups was approximately 2.1 kg for women 
and 1.9 kg for men (McTiernan et al., 2007). 
For women, this was due to weight loss of 
1.4 kg in the intervention and 0.7 kg weight 
gain in the control condition. In men, this 
was due to 1.8 kg weight loss in the inter-
vention and 0.1 kg weight gain in the con-
trol condition. A similar pattern was shown 
in an 18-month study of 248 adults with an 
initial BMI of 25 to < 30 kg/m2 in which 
53.2% remained weight stable (within 3% 
of their baseline weight), 19.4% gained more 
than 3% of their baseline weight, and 27.4% 
lost more than 3% of their baseline weight 
(Jakicic et al., 2011). Participants who re-
mained weight stable or gained weight over 
the 18-month period engaged in less than 80 
minutes/week of MVPA, whereas those who 
lost weight engaged in more than 150 min-
utes/week of MVPA.

In summary, it appears that it may take 
3–10 years to observe meaningful effects of 
physical activity on the prevention of weight 
gain, based on prospective cohort studies, 
and the dose of physical activity may need 
to approximate 60 minutes/day of MVPA. 
However, within the context of shorter in-
terventions of 12–18 months, thresholds of 
MVPA that exceed 150 minutes/week may 
result in modest weight loss rather than pre-

vention of weight gain. Regardless, physical 
activity should be considered an important 
lifestyle behavior that can prevent unhealthy 
weight gain. Progression of adults to a sus-
tained level of 30–60 minutes/day of MVPA 
should be a public health target.

Physical Activity and Weight Loss

The public health need to prevent excessive 
weight gain is paralleled by a critical need 
for effective interventions to induce weight 
loss and prevent subsequent weight regain. 
As described in this chapter, substantial 
evidence supports physical activity as an im-
portant lifestyle behavior that significantly 
contributes to both short-term and long-
term weight loss in adults.

Physical Activity in the Absence 
of Prescribed Dietary Restriction
One approach to weight loss is to prescribe 
physical activity in the absence of a diet fo-
cused on calorie restriction. Numerous stud-
ies have documented that the mean weight 
loss achieved with this approach is approxi-
mately 0.5–3.0 kg. Systematic reviews of 
these studies have concluded that physical 
activity alone induces modest weight loss 
(Wing, 1999; U.S. Department of Health 
and Human Services, 2008; Donnelly et al., 
2009; Swift, Johannsen, Lavie, Earnest, & 
Church, 2014; Washburn et al., 2014).

Despite the limited average weight loss 
observed with physical activity alone, the 
dose of physical activity may make a dif-
ference (Donnelly et al., 2009). Although 
physical activity of approximately 150 min-
utes/week produces a loss of up to only 3 kg, 
weight loss of 5 kg or more can be achieved 
when physical activity is increased to 225 or 
more minutes/week. Thus, to achieve great-
er weight loss without caloric restriction, a 
higher dose of physical activity appears nec-
essary.

There also is considerable variability in 
weight change in response to a similar dose 
of physical activity without caloric restric-
tion. An example of this variability comes 
from the Midwest Exercise Trial in which 
men and women were prescribed the same 
duration and intensity of physical activity 
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across a 16-month period (Donnelly et al., 
2003). On average, men reduced weight by 
5.2 kg compared to nonexercise controls, 
whereas women had 2.3 kg less weight gain 
compared to nonexercise controls. How-
ever, given differences in weight and lean 
body mass between men and women, it is 
likely that the same duration and intensity 
of physical activity resulted in greater en-
ergy expenditure in men versus women, 
which may have contributed to the differ-
ential effects on body weight change. Thus, 
in a follow-up study in which the prescribed 
dose of physical activity for men and women 
was matched for energy expenditure, there 
was no significant difference in weight loss 
between the sexes. Moreover, regardless of 
sex, a dose–response relationship was ob-
served with 400 kcal of activity/session, pro-
ducing a mean loss of 3.9 kg and 600 kcal/
session, resulting in a mean weight loss of 
5.2 kg at the end of the 10-month interven-
tion. These findings suggest that although 
there may be differences between men and 
women in weight loss achieved with physical 
activity, when they engage in a similar dose 
of physical activity, based on energy expen-
diture, the weight loss is comparable. In ad-
dition, as energy expenditure from physical 
activity increases, more weight is lost.

Physical Activity Combined with Prescribed 
Dietary Restriction
A more commonly recommended clinical 
approach to weight loss is to combine physi-
cal activity with a diet designed to induce 
calorie restriction, along with behavior 
change strategies (Jensen et al., 2014). Calo-
rie restriction combined with physical activ-
ity appears to produce greater weight loss 
than calorie restriction alone. In a system-
atic review of studies of at least 12 months 
in duration, the combination of a calorie-
restricted diet plus physical activity resulted 
in a median weight loss of 8.8% of initial 
body weight, compared to 6.9% for a cal-
orie-restricted diet alone (Washburn et al., 
2014). Moreover, even in adults with class 
2 obesity or greater (defined as a BMI of ≥ 
35 kg/m2), the combination of physical ac-
tivity and a calorie-restricted diet resulted in 
2.7 kg more weight loss than diet alone in 
a 6-month intervention (Goodpaster et al., 

2010). Thus, it appears that the addition of 
physical activity to a calorie-restricted diet 
enhances the weight loss achieved in a 6- to 
12-month period of time.

Physical Activity and Long‑Term 
Weight Loss
Physical activity, particularly MVPA, also 
appears to be an important predictor of im-
proved long-term weight loss (Donnelly et 
al., 2009), and MVPA may have been one 
of the strongest correlates of the ability to 
achieve ≥ 10% weight loss within a compre-
hensive weight loss intervention that includ-
ed calorie restriction and behavior change 
strategies (Unick, Jakicic, & Marcus, 2010). 
However, a relatively high amount of physi-
cal activity may be necessary to enhance 
weight loss at 12 months and beyond. For 
example, data from the Look AHEAD 
Study showed that a mean of 287 minutes/
week of MVPA was associated with a 1-year 
weight loss of 11.9%, and physical activity 
was a strong correlate of weight loss at this 
time (Wadden et al., 2009). Moreover, our 
research team has consistently found that ≥ 
250 minutes/week of MVPA (~2,000–2,500 
kcal/week) is associated with the greatest 
weight loss and prevention of weight re-
gain in lifestyle interventions of at least 12 
months in duration (Jakicic, Winters, Lang, 
& Wing, 1999; Jakicic, Marcus, Gallagher, 
Napolitano, & Lang, 2003; Jakicic, Mar-
cus, Lang, & Janney, 2008) (see Figures 19.1 
and 19.2). This finding is consistent with the 
findings of others based on secondary data 
analysis from clinical trials (Tate, Jeffery, 
Sherwood, & Wing, 2007) and from the 
National Weight Control Registry (Klem, 
Wing, McGuire, Seagle, & Hill, 1997; Cat-
enacci et al., 2008, 2011).

Many of the studies that have found that 
a relatively high dose of physical activity is 
important for enhancing long-term weight 
loss have relied on self-reported physical ac-
tivity. However, we recently obtained simi-
lar findings when physical activity was mea-
sured objectively using a wearable activity 
monitor (Jakicic et al., 2014). The findings 
from this study also support that MVPA of 
approximately 250 minutes/week should be 
performed in bouts of at least 10 minutes, as 
this was associated with the greatest magni-
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tude of weight loss following an 18-month 
intervention. Thus, lifestyle interventions 
for weight loss that include a calorie-restrict-
ed diet should also include a sufficient dose 
of physical activity to further enhance short-
term weight loss (≤ 6 months) and to maxi-
mize weight loss achieved and maintained at 
12 months and beyond.

Physical Activity Combined 
with Bariatric Surgery
Bariatric surgery has become a more com-
mon intervention for patients with severe 
obesity and is highly effective in inducing 
weight loss and improvements in obesity-
related comorbidities. However, physical 
activity appears to be an important lifestyle 
behavior that needs to be included within 
the bariatric surgery approach. For exam-
ple, observational studies have shown that 
engagement in physical activity is associated 
with improved weight loss following bariat-
ric surgery (Bond et al., 2004, 2009; Evans 
et al., 2007; Josbeno, Kalarchian, Sparto, 
Otto, & Jakicic, 2011; King et al., 2012, 
2015). However, following bariatric sur-
gery, most patients remain insufficiently ac-
tive (Josbeno et al., 2011; King et al., 2012, 
2015).

Interventions are needed to increase phys-
ical activity in patients undergoing bariatric 
surgery (King & Bond, 2013). In one of the 
few randomized studies of this issue, pa-
tients were assigned to supervised exercise 
or a health education control for 6 months 
(Coen et al., 2015). The supervised exercise 
consisted of progressing to 120 minutes/
week of moderate-intensity physical activ-
ity. Results showed that adherence to this 
dose of physical activity resulted in greater 
improvements in insulin sensitivity, glucose 
effectiveness, and cardiorespiratory fitness. 
However, this dose of physical activity did 
not enhance weight loss, reductions in body 
fatness, or retention of lean body mass dur-
ing this 6-month period. Thus, these data 
suggest that within the initial 6 months 
following bariatric surgery, engagement in 
physical activity is not associated with im-
proved weight loss or favorable body com-
position changes but may be associated with 
other important health-related outcomes. 
Moreover, the benefits of physical activity 

on weight loss during the postbariatric sur-
gery period may become more apparent with 
longer periods of follow-up at 12 months or 
beyond.

Intervention Considerations to Enhance 
Physical Activity
Self‑Directed versus Center‑Based 
Physical Activity
In the physical activity literature, particular-
ly that pertinent to obesity treatment, there 
is variability in the settings in which physical 
activity is promoted. Numerous studies have 
evaluated the effects of center-based (i.e., in-
person) physical activity training that allows 
for supervision and direct observation of the 
prescribed dose of physical activity (Ross 
et al., 2000, 2004; Donnelly et al., 2003; 
Slentz et al., 2004; Church, Earnest, Skin-
ner, & Blair, 2007). Many studies also have 
examined the effect of self-directed physical 
activity that allows for the activity to be per-
formed at home or other settings outside of 
a supervised center (Jakicic, Wing, Butler, 
& Robertson, 1995; Wing, Venditti, Jakicic, 
Polley, & Lang, 1998; Jeffery, Wing, Sher-
wood, & Tate, 2003; Jakicic et al., 2003, 
2008, 2011, 2012; Jakicic, King, et al., 
2015; Jakicic, Rickman, et al., 2015). Both 
center-based and self-directed approaches to 
increase physical activity have been shown 
to be effective.

Additional studies have directly compared 
self-directed and center-based physical ac-
tivity interventions to determine if there 
are differences in weight-related outcomes. 
When combined with a calorie-reduced diet 
and behavior change strategies, self-directed 
physical activity programs appear to induce 
greater weight loss and may result in con-
tinued engagement in physical activity, com-
pared to programs that require center-based 
physical activity (Perri, Martin, Leermak-
ers, Sears, & Notelovitz, 1997; Andersen et 
al., 1999). A more recent study that directly 
compared self-directed and center-based 
physical activity programs for adults who 
were overweight or obese showed similar 
improvements in physical activity, reduc-
tions in weight, and increases in cardiorespi-
ratory fitness (Creasy, Rogers, Byard, Kow-
alsky, & Jakicic, 2016). Thus, in situations 
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in which center-based activity is not feasible, 
self-directed (at home) activity appears to 
be an effective approach for adults who are 
overweight or obese.

Prescribing Short Bouts of Physical Activity
Common barriers to engaging in physical 
activity include a lack of time and low self-
efficacy for physical activity. One strategy 
that has been shown to be effective, at least 
for a period of 5–6 months, is to encour-
age multiple short bouts of activity per day 
rather than one long session per day, as is 
customary.

A 20-week behavioral weight loss study 
found that prescribing physical activity in 
multiple 10-minute bouts/day, as compared 
with one 40-minute bout, resulted in more 
minutes of activity per week and a trend to-
ward greater weight loss at the end of treat-
ment (see Figure 19.3) (Jakicic et al., 1995). 
These results were replicated across the ini-
tial 6 months of an additional trial (Jakicic, 
Winters, Lang, & Wing, 1999). However, at 
18 months, the short-bout strategy was no 
longer superior to prescribing physical activ-
ity in one long bout. Thus, this strategy of 
prescribing multiple short bouts of physical 
activity may be most effective at increasing 
initial engagement and adoption of physi-
cal activity in adults who are overweight 
or obese. The short-bout approach should 
be considered by health care providers and 

health–fitness professionals for this patient 
population.

Encouraging Increased Steps per Day 
of Physical Activity
Guidelines commonly recommend that 
adults increase their movement in the form 
of increased steps per day to improve health, 
with a goal of accumulating approximately 
10,000 steps/day. Typical daily physical ac-
tivity results in approximately 6,000–7,000 
steps/day, with some adults, including those 
with obesity, potentially taking fewer steps 
(Tudor-Locke & Bassett, 2004).

A systematic review of the literature 
showed that an increase in 2,100 steps/
day, equivalent to approximately 1 mile of 
walking/day, was associated with a modest 
yet significant decrease in BMI (Donnelly 
et al., 2009). Moreover, an intervention 
that increased steps by 3,000/day across a 
12-week period showed a positive associa-
tion between steps walked and reduction 
in waist circumference (Chan, Ryan, & Tu-
dor-Locke, 2004). Another 12-week weight 
loss intervention, which included a calorie-
reduced diet and behavioral strategies, also 
evaluated a physical activity intervention fo-
cused on steps per day (Creasy et al., 2016). 
At the end of the intervention, there was a 
significant mean increase of 2,595 steps/
day, with 1,584 of these steps taken at a 
moderate to vigorous intensity and in bouts 

FIGURE 19.3. Physical activity engagement when prescribed in one continuous bout or in multiple 
short bouts. Data from Jakicic et al. (1995).
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of at least 10 minutes in duration. This re-
sulted in an increase in total steps/day to a 
mean of 10,323 by the end of the 12 weeks. 
Moreover, the weight loss achieved in this 
step-based intervention (–5.3 kg) was simi-
lar to that achieved when physical activity 
involved center-based sessions (–3.8 kg) or 
was self-directed and prescribed as minutes/
day (–5.1 kg).

These data suggest that movement ac-
cumulated in steps/day is associated with 
improved weight regulation. Moreover, in-
terventions that focus on increasing steps 
can be effective at increasing total physical 
activity in adults who are overweight or 
obese. This approach appears to be an ef-
fective strategy for increasing physical activ-
ity to both prevent and treat overweight and 
obesity.

Wearable Physical Activity Monitors
Numerous wearable devices are available 
that focus on measuring and encouraging 
physical activity. However, there is variabil-
ity in the success of these devices in promot-
ing activity and weight loss in adults with 
overweight/obesity. Initial research in this 
area showed that the addition of wearable 
physical activity technology to an individual 
or group-based weight loss intervention pro-
duced modest improvements in weight loss 
in studies of 3–9 months’ duration (Polzien, 
Jakicic, Tate, & Otto, 2007; Shugar et al., 

2011). However, when these devices were 
paired with a less intensive intervention that 
involved only one brief telephone contact 
with a health coach, weight loss and physi-
cal activity were comparable to what was 
achieved with a more intensive program 
that involved regular in-person contact with 
a weight loss interventionist (Pellegrini et 
al., 2012; Rogers et al., 2016). As shown in 
Figure 19.4, a more recent large-scale ran-
domized trial that added wearable technol-
ogy following the initial 6 months of weight 
loss treatment actually showed significantly 
less weight loss across 24 months and no 
improvement in physical activity, when 
compared to a weight loss treatment that 
received no wearable technology (Jakicic et 
al., 2016).

Thus, there appears to be variability in 
the effectiveness of including wearable tech-
nology that tracks and provides feedback 
on physical activity within the context of 
weight loss interventions. Studies consis-
tently indicate that simply providing the 
wearable technology results in little impact 
on physical activity engagement, and that 
there is a significant decrease in the use 
of the technology after approximately 6 
months (Finkelstein et al., 2016). More re-
search is needed to better understand how 
to best apply these technologies to improve 
health behaviors, weight, and related health 
outcomes (Piwek, Ellis, Andrews, & Join-
son, 2016).

FIGURE 19.4. Weight loss with and without the addition of a wearable physical activity monitor. Data 
from Jakicic et al. (2016).
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Additional Physical 
Activity Considerations

The majority of the studies that demonstrat-
ed the importance of physical activity for 
preventing weight gain or inducing weight 
loss included primarily aerobic or endurance 
modes of physical activity, such as walking 
or cycling. However, other popular forms 
of physical activity should be considered for 
their potential influence on obesity manage-
ment.

Resistance Exercise
Resistance exercise, primarily in the form of 
weight lifting, is a common form of physical 
activity that may be recommended for adults 
who are overweight or obese. However, the 
vast majority of data suggests that resistance 
exercise may result in only modest reduc-
tions in weight or body fatness, as summa-
rized in systematic reviews of the literature 
(Donnelly et al., 2004, 2009; U.S. Depart-
ment of Health and Human Services, 2008; 
Swift et al., 2014). This lack of a substantial 
influence on body weight or body fatness 
may reflect the less than optimal energy ex-
penditure resulting from resistance exercise 
in these studies. Resistance exercise typical-
ly was prescribed only 2–3 days/week, and 
most studies of this topic have typically been 
less than 6 months in duration.

There may be barriers to resistance exer-
cise that are not present with other forms 
of physical activity, which may affect par-
ticipant engagement and compliance. For 
example, when walking is prescribed, there 
is great flexibility with where an individual 
can engage in this physical activity (e.g., out-
doors, indoors, on a treadmill). However, 
in most circumstances, resistance exercise 
has typically required specific equipment 
and supervision that may only be available 
at a health–fitness facility, which may limit 
participant access and feasibility. Thus, al-
ternative home-based approaches to resis-
tance exercise may be necessary to enhance 
engagement. This may require home exer-
cise equipment or home-based approaches 
that do not require equipment and that are 
tailored specifically to adults who are over-
weight or obese. Given that resistance exer-

cise may contribute to improved strength, 
function, and metabolic factors, such as 
reduced insulin resistance, it may also be 
important for clinicians and health–fitness 
professionals to encourage this approach 
with interested patients.

Yoga
Yoga also may be considered for weight 
management. Yoga is a broad term used to 
describe mental, physical, and spiritual dis-
ciplines that originated in ancient India and 
which now have been translated into differ-
ent styles and interpretations.

A key consideration of whether yoga 
may contribute to body weight regulation 
is its ability to increase energy expenditure 
through the asanas (poses) that comprise a 
practice. Yoga that includes mostly poses for 
relaxation and the holding of postures has 
been shown to elicit a mean energy expen-
diture of 3.2 ± 1.1 kcal/minute, equivalent 
to 2.5 ± 0.8 metabolic equivalents (METs) 
(Hagins, Moore, & Rundle, 2007). This 
type of yoga reflects a light-intensity form of 
physical activity, as defined by the common-
ly accepted threshold of 1.5 to < 3.0 METs, 
which would be equivalent to walking at a 
speed of approximately 2.0 miles per hour 
(mph). Our research team recently evaluated 
the energy expenditure of a vinyasa style of 
yoga, which is often referenced as being a 
type of “power yoga” due to its continuous 
patterns that flow through a dynamic series 
of movements, rather than the static hold-
ing of poses. Results showed that the energy 
cost of vinyasa yoga was 4.1 ± 0.6 METs, 
which meets the lower criterion of MVPA 
(i.e., ≥ 3 METs) (Sherman, 2016). Moreover, 
energy expenditure during vinyasa yoga in 
participants who were overweight or obese 
was 4.0 METs, which was not significant-
ly different than the energy expenditure in 
nonoverweight and nonobese individuals 
(4.2 METs). Thus, vinyasa yoga elicits an 
energy expenditure typical of other forms of 
MVPA (e.g., brisk walking) that are recom-
mended within behavioral weight control 
interventions.

In addition to the asanas (poses), which is 
the physical component, yoga may also be 
beneficial in other ways for treating obesity. 
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As described in a recent review (Sherman, 
2016), yoga may contribute to body weight 
regulation through its potential to decrease 
stress (Michalsen et al., 2005; Li & Gold-
smith, 2012), mitigate pain (Sherman, Cher-
kin, & Wellman, 2011), enhance mood and 
diminish depression (Woolery, Myers, Stern-
lieb, & Zelter, 2004; Uebelacker et al., 2010), 
enhance sleep (Khalsa, 2004; Mustian et 
al., 2013), and increase energy expenditure 
(Carroll, Blansit, Otto, & Wygand, 2003; 
Hagins et al., 2007). Traditional forms of 
yoga also include mindfulness meditation, 
which focuses on heightening awareness to 
make conscious decisions. The mindfulness 
mediation component of yoga may also con-
tribute to regulation of body weight through 
improved psychological functioning and 
flexibility (Lillis, Hayes, Bunting, & Masu-
da, 2009; Forman & Butryn, 2015), aware-
ness (Sears & Kraus, 2009; Brown, Good-
man, & Inzlicht, 2013), and self-regulation 
(Kristeller & Wolever, 2011; Forman & Bu-
tryn, 2015). The mindfulness component of 
yoga may also contribute to decreased emo-
tional reactivity, rumination (Baer, 2009), 
and stress (Kabat-Zinn, 1991; Goyal et al., 
2014). These factors may improve eating and 
physical activity behaviors, which may con-
tribute to enhanced body weight regulation.

Despite the potential for yoga to influ-
ence body weight, few studies have exam-
ined the effect of including yoga in a weight 
loss intervention. Unpublished data from 
our laboratory illustrate the potential of 
yoga to enhance weight loss when added to 
a comprehensive intervention that included a 
calorie-restricted diet, physical activity, and 
behavior change strategies. This pilot study 
found that the addition of yoga to a compre-
hensive intervention produced an additional 
2.5-kg weight loss in 6 months of treatment. 
This study also showed that adults who were 
overweight or obese could engage in yoga as 
a form of physical activity. The inclusion of 
yoga into a comprehensive behavioral weight 
loss approach may be a promising strategy 
in the treatment of overweight and obesity, 
although further research clearly is needed

Sedentary Behavior
There is growing interest in the influence of 
sedentary behavior on a variety of health-

related outcomes, including the influence on 
overweight and obesity. Investigators have 
suggested that increasing energy expenditure 
by 100 kcal/day, while maintaining a consis-
tent energy intake, could potentially prevent 
population weight gain (Hill, Wyatt, Reed, 
& Peters, 2003). Moreover, occupational-
related energy expenditure has declined 
by approximately 140 kcal/day since 1960 
in the United States, which could account 
for the population-based weight gain dur-
ing that same period (Church et al., 2011). 
Thus, modest reductions in sedentary behav-
ior that result in modest increases in energy 
expenditure may be important to counter 
weight gain and may contribute to the suc-
cessful treatment of overweight and obesity.

Much of the early literature in this area fo-
cused on the association between sedentary 
behavior and risk of obesity, with sedentary 
behavior typically defined as television view-
ing. These data typically show positive as-
sociations between sedentary behavior and 
risk of obesity (Foster, Gore, & West, 2006). 
For example, television viewing has been 
shown to be positively associated with the 
risk of gaining weight or with the develop-
ment of obesity (Ball, Brown, & Crawford, 
2002; Hu, Li, Colditz, Willett, & Manson, 
2003). Thus, reducing sedentary behavior, 
such as television viewing, has the potential 
to prevent or attenuate weight gain.

A potential pathway that may explain the 
association between sedentary behavior and 
weight gain is that sedentary behavior re-
places physical activity and therefore reduces 
total daily energy expenditure. Studies have 
shown that there is greater energy expendi-
ture when standing compared to sitting, and 
these differences range from approximately 
9 to 50 kcal/hour (Levine, Schleusner, & 
Jensen, 2000; Levine & Miller, 2007; McAl-
pine, Manohar, McCrady, Hensrud, & 
Levine, 2007; Beers, Roemmich, Epstein, & 
Horvath, 2008; Reiff, Marlatt, & Dengel, 
2012; Buckley, Mellor, Morris, & Joseph, 
2014). A recent study confirmed that stand-
ing versus sitting will elicit approximately 
an additional 9 kcal/hour, and that there is 
greater energy expenditure when transition-
ing from sitting to walking, compared to 
sitting to standing (Creasy, 2016). Thus, en-
couraging standing versus sitting may elicit 
a modest increase in energy expenditure, 
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whereas encouraging breaks in sitting that 
are replaced with periods of walking elicits 
greater energy expenditure that may be im-
portant for body weight regulation.

Within the context of an intervention 
to treat overweight or obesity, few studies 
have specifically isolated the contribution of 
sedentary behavior on weight loss success. 
However, data from a 6-month behavioral 
weight loss intervention of young adults 
(ages 18–35), which included a calorie-re-
duced diet, physical activity, and behavioral 
strategies, showed that change in sedentary 
behavior was not associated with weight 
loss (Jakicic, King, et al., 2015). Rather, 
increased MVPA, performed in bouts of at 
least 10 minutes in duration, and increased 
light-intensity physical activity were predic-
tive of weight loss in this study. Thus, for 
weight loss, focusing the intervention on in-
creasing light- and moderate-intensity physi-
cal activity may result in greater weight loss 
than simply encouraging reduced sedentary 
behavior in adults.

Clinical Application with Patients 
with Obesity

The majority of the evidence suggests that 
promoting higher levels of physical activ-
ity in patients who are overweight or obese 
will enhance weight loss and potentially 
improvements in obesity-related health out-

comes. Physicians, other health care provid-
ers, and health–fitness professionals should 
encourage patients to increase their physi-
cal activity, while considering the following 
points.

1. Engagement in physical activity has 
been shown to be relatively safe when ap-
propriate screening and risk stratification 
are considered. Updated guidelines of the 
American College of Sports Medicine pro-
vide information on when more extensive 
medical evaluation is required prior to par-
ticipating in a program of regular physical 
activity (Magal & Riebe, 2016). A summary 
of these updated recommendations is pro-
vided in Table 19.1.

2. For adults who are overweight or 
obese, gradual progression of physical activ-
ity to at least 150 minutes/week of moderate-
intensity physical activity (e.g., brisk walk-
ing or activities of similar intensity) should 
be encouraged. In some circumstances, a 
higher threshold of physical activity may be 
needed to enhance and sustain long-term 
weight loss.

3. Engaging in sufficient levels of physi-
cal activity can benefit patients who undergo 
bariatric surgery by potentially enhancing 
long-term weight loss success and improving 
other health-related outcomes beyond what 
can be achieved with bariatric surgery alone.

TABLE 19.1. Determining the Need for Medical Clearance to Engage in Structured Physical Activity

Current 
activity level

No known cardiovascular, metabolic, or renal 
disease

Known cardiovascular, metabolic, or renal 
disease

Asymptomatic Symptomatic Asymptomatic Symptomatic

Activea Medical clearance not 
required to continue 
physical activity 
program

Medical clearance 
recommended before 
continuing with 
physical activity

Medical clearance 
not required provided 
that prior medical 
clearance obtained 
within the previous 
12 months

Medical clearance 
recommended before 
continuing with 
physical activity

Inactive Medical clearance not 
required to engage 
in light-intensity to 
moderate-intensity 
physical activity

Medical clearance 
recommended prior 
to initiating physical 
activity program

Medical clearance 
recommended prior 
to initiating physical 
activity program

Medical clearance 
recommended prior 
to initiating physical 
activity program

aDefined as performing planned structured physical activity for at least 30 minutes at moderate intensity on at least 3 days/week 
for at least the last 3 months.
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4. Self-directed physical activity ap-
proaches that do not require attendance 
at center-based sessions can be effective in 
increasing physical activity and inducing 
weight loss. Within the context of self-di-
rected physical activity approaches, encour-
aging initial engagement in multiple short 
bouts of activity that are at least 10 minutes 
in duration may be a particularly effective 
strategy within the first 6 months of treat-
ment. However, the evidence is mixed with 
regard to the effectiveness of wearable physi-
cal activity monitors to facilitate engagement 
in physical activity and weight loss.

5. Alternative physical activities such 
as yoga and resistance training may be 
considered for weight management. Cer-
tain styles of yoga may reach low levels of 
MVPA and potentially contribute to weight 
loss. Although increased physical strength 
and functional improvements may be real-
ized with resistance exercise, there is little 
evidence that this form of physical activity 
improves weight loss outcomes beyond what 
can be achieved with activity such as brisk 
walking.

6. Based on the current evidence, encour-
aging patients to reduce sedentary behavior 
may have limited impact on weight unless 
coupled with a prescription to also increase 
participation in moderate-intensity physical 
activity.

Conclusion

In summary, increased physical activity can 
play a critical role in the prevention of weight 
gain and in the treatment of overweight and 
obesity. Effective methods are needed to en-
courage individuals to both adopt and main-
tain greater daily physical activity.
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Behavioral treatment of obesity is a theo-
ry-based approach for fostering long-term 
weight control. The treatment applies prin-
ciples from learning theories, including clas-
sical conditioning, operant conditioning, 
and social learning, to help patients learn 
skills to modify eating and activity behav-
iors. The approach recognizes that genetic 
and metabolic factors may predispose in-
dividuals to obesity, but emphasizes the in-
terplay between the individual and the en-
vironment in shaping behavior. Behavioral 
treatment is arguably the most thoroughly 
evaluated weight control approach. When 
combined with diet and exercise strategies, 
behavioral treatment produces clinically sig-
nificant weight loss and improves patients’ 
health status. Behavioral treatment has been 
delivered through many modalities (Tsai 
& Wadden, Chapter 27, this volume), ap-
plied to many populations (Downey & Kyle, 
Chapter 25, and Lawman, Wojtanowski, 
& Foster, Chapter 38, this volume), and in-
tegrated with other treatment approaches 
(West, Krukowski, & Larsen, Chapter 30, 
this volume). This chapter reviews the key 
components of typical behavioral treatment 
programs for adults, describes the results of 
current behavioral interventions, and dis-
cusses future directions.

Theoretical Foundation

Behavioral treatment is largely derived from 
classical conditioning, operant conditioning, 
and social learning theories. Classical condi-
tioning is based on associative learning and 
posits that when two stimuli are repeatedly 
paired, they become linked, and eventually 
one stimulus will automatically trigger the 
other. As applied to eating, a person who 
repeatedly eats while watching television or 
driving in the car might experience an urge 
to eat whenever watching television or driv-
ing. Several studies provide evidence of the 
powerful role that environmental factors 
play in influencing eating and activity be-
haviors (Cohen, 2008). Proximity and vis-
ibility of food are especially strong environ-
mental eating cues. Behavior therapy aims to 
identify and uncouple learned associations 
that promote overeating and inactivity. Pa-
tients are encouraged to eat only in one place 
instead of multiple rooms and to do nothing 
else while eating in order to break apart the 
many associations that build between eating 
and other activities (Butryn, Webb, & Wad-
den, 2011; Stuart, 1967). Behavioral treat-
ment also strives to build new associations 
that promote healthy eating and activity. For 
example, a patient might be encouraged to 
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leave a pair of walking sneakers repeatedly 
by the bed to serve as a prompt for a morn-
ing walk. A fruit bowl might be left on the 
kitchen table to prompt healthy eating.

Behavioral treatment is also derived from 
operant conditioning principles. Operant 
conditioning holds that behaviors that are 
rewarded (reinforcement) tend to be repeat-
ed more frequently over time, whereas be-
haviors that produce negative consequences 
(punishment) tend to be repeated less fre-
quently over time (Skinner, 1953). New be-
havior is established most quickly when it 
is rewarded immediately and often. As ap-
plied to weight control, patients are taught 
to closely monitor the outcomes of their eat-
ing and activity behaviors. Positive rewards 
are planned for achieving desired goals. 
Rewards might include feeling confident, 
receiving praise from an interventionist, or 
buying a new book after a behavioral suc-
cess (Alamuddin & Wadden, 2016; Chap-
man & Jeffrey, 1978). Treatment also aims 
to lessen potential negative consequences 
associated with increasing activity and eat-
ing less (Butryn, Clark, & Coletta, 2012). 
For example, a gradual increase in activity is 
encouraged to prevent fatigue, and the selec-
tion of enjoyable activities is promoted to re-
duce boredom. Eating small meals through-

out the day and choosing foods that enhance 
feelings of fullness are also recommended to 
reduce feelings of hunger during treatment.

Using principles of both classical and op-
erant conditioning, behavioral treatment 
incorporates functional analysis to help pa-
tients identify the cues and consequences of 
eating and activity behaviors. Functional 
analysis helps patients identify the events 
(e.g., items, places, people, feelings) associ-
ated with unhealthy eating and physical ac-
tivity patterns and the consequences of each 
behavioral choice (Sturmey, 2007). Creating 
a behavioral chain is helpful in identifying 
opportunities for intervention (Brownell, 
1998; Haynes & O’Brien, 1990; Wad-
den, Crerand, & Brock, 2005). Figure 20.1 
shows an example of a behavioral chain. In 
this example, the patient might be encour-
aged to plan to get additional sleep, to eat 
before shopping, and/or to shop from a list 
in order to break links in the chain that lead 
to overeating.

Behavioral treatment also draws, in large 
part, from social cognitive theory (Bandura, 
1977). Social cognitive theory emphasizes 
self-efficacy as a crucial determinant of be-
havior. Self-efficacy is defined as an individ-
ual’s perceived ability to successfully engage 
in the behaviors needed to reach desired 

FIGURE 20.1. Behavioral chain used for a functional analysis of a patient’s overeating episode. Links 
in the chain can be broken and seen as opportunities for intervention.
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goals. In the behavioral treatment of obesity, 
patients with high self-efficacy believe that 
they can and will successfully meet their eat-
ing, physical activity, and other treatment 
goals. They are confident that their efforts 
will result in benefits. Behavioral interven-
tionists may target improvements in self-
efficacy by setting achievable weekly goals, 
reinforcing the positive consequences of 
achieving goals, and providing ongoing pos-
itive feedback for every behavioral success 
(Wadden et al., 2005). Higher self-efficacy 
has been consistently related to weight loss. 
A recent clinical trial (Burke et al., 2015) 
found that a behavioral intervention that 
emphasized self-efficacy improved 18-month 
weight loss outcomes compared with a stan-
dard behavioral treatment approach (8% vs. 
6% loss of initial body weight, respectively), 
underscoring the importance of bolstering 
self-efficacy in behavioral treatment.

Format of Behavioral Treatment

Behavioral treatment typically consists of 
a structured series of lessons (Table 20.1). 
Treatment often takes place over weekly pa-
tient–provider visits for the first 6 months, 
followed by every-other-week meetings for 
6 months, and monthly meetings thereafter 
(Butryn et al., 2011; Wadden et al., 2005). 
Continued contact appears to be critical to 
lasting success (Perri et al., 2001). Behavioral 
treatment is commonly led by intervention-
ists trained in nutrition, exercise physiology, 
or clinical psychology, but lay intervention-
ists may also effectively administer treatment 
(Leahey & Wing, 2013). Treatment meetings 
may be conducted in person, in groups, one 
on one, over the phone, over the Internet, 
or as part of commercial or hospital-based 
weight loss programs. Some level of face-to-
face patient–provider interaction appears to 
be critical to maximizing long-term success 
(Svetkey et al., 2015). If delivered in a group 
format, meetings typically last 1 hour; one-
on-one visits may last 30 minutes.

In a typical visit, treatment begins with 
the interventionist privately measuring the 
patient’s weight. The interventionist informs 
the patient as to the amount of weight lost 
since the last visit and the total loss since 
the beginning of treatment (Alamuddin & 

Wadden, 2016; Wadden et al., 2005). Posi-
tive reinforcement is provided for successful 
weight loss and support and encouragement 
are offered to patients who are unhappy with 
their weight change. During the weigh-in, 
the interventionist reinforces the connection 
between the patient’s specific weekly behav-
iors and the resulting weight loss. After the 
weigh-in, the interventionist reviews the pa-
tient’s successes and barriers in completing 
any assigned homework since the last visit. 
New materials or topics are discussed (Table 
20.1). Finally, time is reserved at the end of 
each session to review goals and assign new 
homework for the next visit.

TABLE 20.1. Sample List of Lessons Covered 
during the First 6 Months of a Behavioral 
Treatment Program for Obesity

 1. Behavioral approach to weight control

 2. Goal setting

 3. Daily self-monitoring

 4. Increasing your physical activity: Programmed 
exercise

 5. Healthy food choices

 6. Cues in your physical environment for eating 
and exercise

 7. Increasing lifestyle exercise

 8. Eating in social situations

 9. Eating patterns

10. Barriers to exercise

11. Problem solving

12. Simple ways to reduce calories

13. Eating out in restaurants

14. Building social support

15. Thoughts and weight control

16. Exercising for aerobic fitness

17. Mediterranean eating

18. Reducing sedentary time

19. Recipe modification

20. High-risk situations

21. Assertion and eating

22. Motivation

23. Getting back on track: Lapses

24. Stress and eating

25. Mindfulness

26. Maintaining long-term weight control
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Behavioral Skills

Behavioral treatment is delivered as a “pack-
age” comprised of multiple components de-
signed to teach patients the skills needed to 
modify their eating and activity behaviors. 
The intervention can differ widely in the 
extent to which emphasis is placed on dif-
ferent behavior change strategies. Moreover, 
the independent contribution to weight loss 
of each strategy within a package is difficult 
to isolate. Even though millions of possible 
variations exist, behavioral treatment’s key 
components most commonly include goal 
setting, self-monitoring, stimulus control, 
positive reinforcement, problem solving, and 
cognitive restructuring (Wadden, Butryn, & 
Wilson, 2007).

Goal Setting
Behavioral treatment encourages patients 
to set specific goals for weight, eating, and 
physical activity, which are identified and de-
fined in behavioral terms early in care. The 
interventionist guides the selection of these 
goals, and the patient is actively involved 
in the process. Long-term and short-term 
weight, eating, and activity goals are made 
explicit and then operationalized, using 
functional analysis to describe how, when, 
and where specific actions will be performed 
to meet desired goals (Pearson, 2012).

For weight loss, the overall target goal is 
typically equivalent to a 10% loss of initial 
body weight. Although health improvements 
occur with as little as a 3–5% weight loss 
(Jensen et al., 2014), overall weight loss 
goals that are more challenging are associat-
ed with greater weight loss success (Jeffery, 
Wing, & Mayer, 1998). Long-term weight-
loss goals are then subdivided into achiev-
able goals of a 1- to 2-pound weight loss 
per week (0.45–0.9 kg). Caloric restriction 
is emphasized rather than macronutrient 
composition, as diets may differ markedly in 
macronutrient composition yet still promote 
weight loss (Sacks et al., 2009). Moderate 
calorie restriction is typically recommended; 
patients weighing ≥ 113.5 kg (250 pounds) 
are advised to consume 1,500–1,800 kcal/
day, and those weighing less than 113.5 kg 
to eat 1,200–1,500 kcal/day. Given varia-
tions in caloric needs based on a patient’s 

height, weight, sex, age, activity level, and 
other factors, calorie goals may be modi-
fied depending on weekly progress (Smith & 
Wing, 2000).

A gradual increase in structured physical 
activity is advised, with the long-term goal 
of 180–200 minutes or more of activity each 
week. At the outset of treatment, an initial 
activity goal might be to walk at least 10 
minutes per day for 4 days. Then, each week, 
the physical activity goal might be increased 
by approximately 10 minutes to an eventual 
goal of 200 minutes of activity per week. A 
gradual increase in lifestyle activity is also 
targeted, with the eventual goal of walk-
ing at least 10,000 steps per day (Butryn 
et al., 2012). Steps are typically monitored 
using a pedometer. However, the inclusion 
of wearable technology devices that monitor 
physical activity during treatment may not 
improve long-term weight loss outcomes (Ja-
kicic et al., 2016).

Self‑Weighing
Patients are instructed to weigh themselves 
at home and track progress using weight 
graphs. Daily, as opposed to less frequent 
self-weighing, appears to promote the best 
weight control (Linde, Jeffery, French, 
Pronk, & Boyle, 2005). Frequent self-weigh-
ing helps patients learn the link between 
their behaviors and weight changes. Lit-
erature reviews on the topic have concluded 
that self-weighing is a significant and in-
dependent predictor of greater weight loss 
(Vanwormer, French, Pereira, & Welsh, 
2008; Zheng et al., 2015). Regular self-
weighing has also been shown to promote 
greater long-term weight loss maintenance 
(Zheng et al., 2016) and to prevent weight 
gain (Wing et al., 2016) in adults. Frequent 
self-weighing is not associated with adverse 
psychological outcomes, such as depressive 
symptoms, eating disorders, or binge eating 
(Wing et al., 2007; Zheng et al., 2015).

Self‑Monitoring of Behaviors
The systematic recording of behaviors has 
long been considered the cornerstone of be-
havioral treatment. Self-monitoring increas-
es awareness of target behaviors and pro-
vides feedback on progress (Burke, Wang, & 
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Sevick, 2011; Turk et al., 2013). Patients are 
taught to write down everything they eat, to 
estimate or count calories in foods using a 
calorie counting book, and to keep a run-
ning total of their intake to ensure they stay 
within their calorie goal. Since individuals 
may underestimate their food intake (Licht-
man et al., 1992), treatment provides train-
ing in reading food labels and using mea-
suring cups and spoons. Patients are also 
encouraged to record the type and the total 
minutes of physical activity completed each 
day and to use a pedometer to objectively 
track their daily number of steps (Butryn 
et al., 2012). Typically, record keeping is 
increased over time to include information 
about times, places, thoughts, and feelings 
associated with eating and activity.

A number of clinical trials (Baker & 
Kirschenbaum, 1993; Fabricatore et al., 
2009; Jeffery et al., 1993) and reviews of 
the literature (Burke, Conroy, et al., 2011) 
have found self-monitoring of eating and 
activity to be significantly correlated with 
short- and long-term weight loss outcomes. 
A new generation of online trackers and ap-
plications (apps) has greatly simplified the 
tracking of eating and activity behaviors. A 
variety of apps to monitor dietary intake are 
available from major smartphone platforms 
such as iPhone, Android, Nokia, and Black-
Berry, but relatively few have been tested in 
research studies to determine their effective-
ness in promoting weight loss (Coughlin 
et al., 2015). New technologies to moni-
tor physical activity (e.g., Fitbit) have also 
emerged and may hold promise for enhanc-
ing long-term adherence (Turner-McGrievy 
et al., 2013). However, a randomized trial 
found that the inclusion of wearable tech-
nology devices to monitor physical activity 
during behavioral treatment did not improve 
24-month weight loss outcomes during be-
havioral treatment (Jakicic et al., 2016).

Stimulus Control
Behavioral treatment also teaches stimulus 
control techniques to reduce the cues for 
overeating and inactivity and to strengthen 
the cues for desired behaviors (Alamuddin 
& Wadden, 2016; Butryn et al., 2011). In 
order to limit exposure to cues that prompt 
overeating, patients are taught to store foods 

out of sight, to limit the places that they eat 
to only one or two rooms, and to refrain 
from engaging in other activities while eat-
ing (e.g., watching television). Stimulus con-
trol strategies are also used to create positive 
cues for healthy behaviors (Alamuddin & 
Wadden, 2016; Butryn et al., 2011). A pa-
tient might move a treadmill from the base-
ment to a more visible location in the house 
to prompt exercise.

Randomized clinical trials have found that 
behavioral treatment programs that empha-
size restructuring cues in the home environ-
ment tend to improve long-term weight loss 
success. Jakicic and colleagues found that 
access to exercise equipment in the home 
facilitated the maintenance of short bouts 
of physical activity (Jakicic, Wing, Butler, 
& Jeffery, 1997; Jakicic, Winters, Lang, & 
Wing, 1999). Gorin et al. (2008) found that 
behavioral treatment that emphasized re-
structuring the physical and social home en-
vironment was effective in enhancing weight 
loss for women but not men. Use of meal 
plans, prepackaged foods, and liquid meal 
replacements offers another stimulus con-
trol strategy. Meal plans and prepackaged 
foods may serve to enhance positive food 
cues and reduce the number of high-calorie 
food options in the home. Several studies 
have suggested that meal plans and meal 
replacements improve dietary adherence 
and produce greater weight loss than diets 
comprised of conventional foods (Flechtner-
Mors, Ditschuneit, Johnson, Suchard, & 
Adler, 2000; Heymsfield, 2010; Wadden et 
al., 2009).

Positive Reinforcement and Feedback
An integral part of treatment is the provi-
sion of positive consequences for engaging 
in weight control behaviors. At each visit, 
interventionists review food and activity 
records and provide supportive feedback 
for the patient. Weight loss is perhaps the 
strongest positive consequence that patients 
experience after successfully adhering to 
behavioral and environmental change goals 
(Alamuddin & Wadden, 2016; Chapman 
& Jeffrey, 1978). During maintenance, ad-
ditional positive reinforcers are especially 
important and may include interpersonal 
(e.g., self-praise, praise from interventionist) 
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and tangible (e.g., family bike ride) rewards. 
Financial reinforcers or deposit contracts 
can also be effective reinforcers for promot-
ing desired behavior changes (Jeffery, 2012; 
Volpp et al., 2008).

Problem Solving
Behavioral programs teach patients to an-
ticipate and plan for lapses and to prevent 
them from escalating to relapse (Marlatt 
& Gordon, 1979, 1985). To this end, prob-
lem solving is used, especially during later 
weeks of a behavioral program. Patients are 
taught to (1) identify the problem situation 
and describe it in detail using a behavioral 
chain; (2) brainstorm solutions to the prob-
lem, considering the pros and cons of each 
possible solution; and (3) choose, imple-
ment, and evaluate the effectiveness of one 
solution. If the problem is not successfully 
solved, the process is repeated. Increasing 
problem-solving skills has been associated 
with improved weight loss and weight loss 
maintenance (Murawski et al., 2009; Perri 
et al., 2001).

Cognitive Restructuring
Cognitive theory posits that a person’s 
thoughts determine emotional and behav-
ioral responses to events (Beck, 1976). For 
example, a person may overeat and think 
“I’ve totally blown it, I should just give up.” 
This irrational thinking may lead to feelings 
of despair and to continued overeating and 
relapse. In treatment, cognitive strategies are 
aimed at identifying and modifying aversive 
thinking patterns and mood states that may 
interfere with successful weight control. Pa-
tients are taught to monitor their thoughts 
and feelings and to replace cognitive dis-
tortions with rational responses (Cooper, 
Fairburn, & Hawker, 2003). Thus, a pa-
tient might be taught to replace the thought 
of “totally blowing it” with the thought “I 
know that was not the best choice, but I 
am going to stick with my eating plan for 
the rest of the day.” A meta-analysis (Shaw, 
O’Rourke, Del Mar, & Kenardy, 2005) 
found that cognitive therapy, when com-
bined with diet and exercise interventions, 
produced greater weight losses than diet and 
exercise treatment alone. However, a 3-year 

study that focused strongly on cognitive 
modification showed no greater weight loss 
with this approach than with traditional be-
havioral treatment (Cooper et al., 2010).

Long‑Term Efficacy

Behavioral treatment combined with diet 
and exercise intervention consistently pro-
duces greater weight losses than diet and ex-
ercise intervention alone (Shaw et al., 2005). 
Clinical trials testing the efficacy of compre-
hensive behavioral treatment packages have 
found weight losses averaging about 8–10% 
of initial body weight over 20–30 weeks. 
After initial weight loss, gradual weight re-
gain is observed, resulting in a 4–5% weight 
loss maintained for up to 8 years (Butryn et 
al., 2011; Look AHEAD Research Group, 
2014; Look AHEAD Research Group & 
Wing, 2010). These long-term results are 
modest, yet meet the criteria for success (i.e., 
5–10% weight loss) endorsed by the World 
Health Organization (1998), the Dietary 
Guidelines for Americans (U.S. Department 
of Health and Human Services, 2010), and 
the Guidelines for the Management of Over-
weight and Obesity in Adults, published by 
the American Heart Association, the Ameri-
can College of Cardiology, and the Obesi-
ty Society (Jensen et al., 2014). Even with 
weight regain, improvements in long-term 
health are observed with comprehensive be-
havioral treatment programs (Knowler et 
al., 2002).

Findings from the three largest and lon-
gest studies of behavioral treatment provide 
perhaps the strongest evidence that this 
approach can promote sustained, modest 
weight losses that translate into significant 
health benefit (Table 20.2). The Diabetes 
Prevention Program (DPP) Research Group 
conducted a large, randomized clinical trial 
involving U.S. adults (> 25 years) who had a 
body mass index (BMI) ≥ 24 kg/m2 and el-
evated glucose concentrations, making them 
at high risk for the development of type 2 
diabetes mellitus. The DPP comprehensive 
behavioral treatment program produced a 
5.6 kg weight loss at an average of 2.8 years 
and reduced the risk of developing diabetes 
by 58%. The intervention also reduced high 
blood pressure and metabolic syndrome 
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(Diabetes Prevention Program Research et 
al., 2009; Florez et al., 2006; Knowler et al., 
2002). The Finnish DPP produced similar 
results (Lindstrom et al., 2003).

In the Look AHEAD study of patients 
with type 2 diabetes, the intensive lifestyle 
behavioral intervention produced an 8.6% 
weight loss at 1 year and maintained nearly 
a 5% weight loss at 8 years (Look AHEAD 
Research Group, 2014; Look AHEAD Re-
search Group et al., 2007; Look AHEAD 
Research Group & Wing, 2010). The in-
tervention did not reduce cardiovascular 
events, such as heart attack and stroke (Look 
AHEAD Research Group et al., 2013), 
but was associated with improved diabetes 
control and a reduction in cardiovascular 
disease risk factors and medication use (Pi- 
Sunyer et al., 2007; Wing, 2010).

The Weight Loss Maintenance (WLM) 
trial compared three different behavioral 
treatments to promote weight loss mainte-
nance among 1,032 individuals with over-
weight or obesity and high blood pressure 
and/or high cholesterol. Patients who had 
lost an average of 8.5 kg during an initial 
6-month weight loss phase were randomly 

assigned to one of three programs for weight 
loss maintenance: monthly behavioral treat-
ment delivered primarily over the phone, 
monthly web-delivered behavioral interven-
tion, or a self-directed control group (Svet-
key et al., 2008). At the end of 2.5 years, 
participants who received brief behavioral 
counseling retained an average weight loss of 
4.2 kg, compared to an average 3.3-kg loss 
for those who used the web-based interven-
tion, and 2.9 kg for those in the self-directed 
group. Thus monthly, brief behavioral coun-
seling, delivered by phone, produced the best 
long-term weight loss outcomes.

Predictors of Weight Loss
Extensive research has examined whether 
certain individuals respond better than oth-
ers to behavioral weight loss treatment. For 
the most part, treatment induces weight 
loss regardless of demographic background. 
Thus, the outcomes of treatment generally 
do not differ by gender (French, Jeffery, & 
Wing, 1994; Hoie & Bruusgaard, 1999), 
age (Hoie & Bruusgaard, 1999; Wing et al., 
2016), age of onset of obesity (Rupp, Taver-

TABLE 20.2. Large‑Scale (> 1,000) and Long‑Term (> 2 Year) Randomized Controlled Trials of Behavioral 
Weight Loss Interventions in Adults

Reference n

Pretreatment Long-term outcome

Patient 
characteristics

Randomized 
groups Duration

Weight 
loss Duration

Weight 
loss

Diabetes Prevention 
Program Research 
Group et al. (2009); 
Florez et al. (2006)

3,234 Males + females 
with pre-diabetes

Placebo 2.8 y 0.1 kg 10 y 1.0 kg

Lifestyle 
intervention

5.6 kg 2.0 kg

Look AHEAD 
Research Group 
(2007, 2010, 2014)

5,145 Males + females 
with Type 2 
diabetes

Support and 
education

1 y 0.7% 8 y 2.1%

Behavioral 
treatment

8.6% 4.7%

Weight Loss 
Maintenance Trial 
(Svetkey et al., 
2008)

1,032 Males + females 
who had achieved 
≥ 4-kg weight 
loss in phase 1

Monthly contact 
control

2.5 y 2.9 kg

Self-directed 
behavioral tx

4.2 kg

Web-based 
behavioral tx

3.3 kg

Note. Tx, treatment; y, year. Participants in the lifestyle arm of the Diabetes Prevention Program received standard behavioral 
treatment for 2.8 years. Thereafter, semiannual group lifestyle intervention was offered to both the lifestyle intervention and 
placebo groups. Participants in the Look AHEAD trial received standard behavioral treatment for the first 2 years followed by 
less intensive intervention (one or two contacts/month) thereafter.
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no Ross, Lang, & Jakicic, 2016), dieting his-
tory (Hoie & Bruusgaard, 1999; Pekkarinen, 
Takala, & Mustajoki, 1996), marital status 
(Pekkarinen et al., 1996), education, or em-
ployment (Neumark-Sztainer, Kaufmann, 
& Berry, 1995). Similarly, most research 
suggests that treatment is beneficial regard-
less of pretreatment levels of depression and 
anxiety (Karlsson et al., 1994; Pekkarinen et 
al., 1996; Wadden, Foster, & Letizia, 1992), 
binge eating (Sherwood, Jeffery, & Wing, 
1999), and personality variables (Poston 
et al., 1999). Findings are mixed regard-
ing the role of race/ethnicity. Some weight 
loss trials have shown that minorities, par-
ticularly African American women, lose less 
weight than European American partici-
pants at 6–12 months (Hollis et al., 2008; 
Kumanyika, Obarzanek, Stevens, Hebert, & 
Whelton, 1991; Sutton, Magwood, Jenkins, 
& Nemeth, 2016). However, other stud-
ies have shown that African American and 
Hispanic participants achieve long-term (> 1 
year) weight losses that are comparable to 
those achieved by European American par-
ticipants (Wadden et al., 2011; Wing, 2004).

Future Directions

Behavioral treatment can promote sustained, 
modest weight losses that translate into sig-
nificant health benefits. However, the aver-
age 5–10% reduction in body weight masks 
heterogeneity in treatment effects. There are 
several avenues for future investigation.

First Responders
Most participants in behavioral treatment 
trials are highly motivated and often must 
undergo a behavioral “run-in” before enroll-
ment to ensure treatment adherence. For ex-
ample, the Look AHEAD trial required par-
ticipants to record their food intake for 1–2 
weeks before becoming eligible for study 
participation. Participants in the study who 
kept more detailed food records during this 
run-in lost more weight after 1 year than in-
dividuals who kept sparser records (Tsai et 
al., 2014). As a corollary, magnitude of ini-
tial weight loss early in treatment has been 
consistently and positively correlated with 
long-term weight loss success. In the Look 

AHEAD trial, larger 1- and 2-month weight 
losses were associated with larger 8-year 
losses (Unick et al., 2015). The factors that 
lead some individuals to respond and oth-
ers to fail early in treatment merit further 
investigation.

Minimizing Burden
Behavioral treatment requires that patients 
complete homework assignments, attend 
ongoing visits, and self-monitor every day. 
Treatment is intensive and time-consuming, 
as well as somewhat reliant on literacy, lan-
guage, motivation, and time management 
skills. Some individuals may not have the 
immediate resources—perceived or actual—
to engage in standard treatment regimens. 
New technologies hold promise for lessening 
the burden of some behavioral tasks, such as 
self-monitoring. However, other innovations 
are needed to reduce treatment demands on 
time, attention, and effort, while maintain-
ing treatment efficacy.

Adaptive Interventions
Adaptive interventions that are tailored 
to fit individual patient needs throughout 
the treatment process may prove beneficial 
(Sherwood et al., 2016). Adaptive interven-
tions provide a sequential, individualized 
approach to treatment that is adapted and 
readapted over time in response to specific 
patient needs. For example, a patient who 
did not initially respond to five sessions of 
standard behavioral treatment could have 
treatment augmented to include meal re-
placements (Sherwood et al., 2016). A pa-
tient with a history of emotional eating 
could have treatment augmented with ac-
ceptance and commitment therapy (West, 
Krukowski, & Larsen, Chapter 30, this 
volume). Adaptive interventions provide one 
way to integrate and optimize behavioral 
treatment strategies, leading to individual-
ized sequences of treatment that may prove 
beneficial (Lei, Nahum-Shani, Lynch, Oslin, 
& Murphy, 2012).

Mechanisms
The specific cognitive and behavioral mech-
anisms through which behavioral weight 
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loss interventions work are still poorly 
understood. Behavioral pathways toward 
weight loss include greater physical activ-
ity, more frequent attendance at treatment 
sessions, greater consumption of meal re-
placements, and more frequent weight and 
diet monitoring (Wadden et al., 2009, 2011). 
However, the optimal intensity, sequence, 
and synergy of behavioral strategies remain 
unclear. Researchers are only beginning to 
explore relevant cognitive mediators (Crane, 
Ward, Lutes, Bowling, & Tate, 2016; Ne-
zami et al., 2016). Teixeira et al. (2010) ex-
amined cognitive and psychosocial mecha-
nisms underlying a 2-year behavioral weight 
loss program in women, and found different 
determinants of success depending on treat-
ment phase. During the first year of treat-
ment, improvements in cognitive restraint, 
emotional eating, and eating self-efficacy 
were important. During maintenance, treat-
ment worked mostly through improvements 
in exercise self-efficacy, reductions in per-
ceived barriers, and increases in exercise 
motivation (Teixeira et al., 2010). Burke et 
al. (2015) found that a behavioral treatment 
approach that emphasized self-efficacy had 
greater weight loss maintenance than stan-
dard behavioral treatment. Understanding 
the cognitive and behavioral mechanisms 
through which treatment works can lead to 
more targeted and efficacious interventions 
and inform which behavioral treatment 
components should be emphasized at differ-
ent stages of treatment.

Timing Interventions
Behavioral treatment may be particularly ef-
fective if timed to occur during certain life 
transitions when individuals are naturally 
motivated to adopt healthy eating and activ-
ity behaviors (Phelan, 2010). For example, 
ongoing research in pregnancy is studying 
the efficacy of behavioral interventions to 
prevent excessive gestational weight gain—
an independent risk factor for long-term 
weight gain, obesity, and related comorbidi-
ties in women (Clifton et al., 2016). Unlike 
results in nonpregnant populations, behav-
ioral interventions during pregnancy ap-
pear to have enduring effects on maternal 
postpartum behaviors, even after treatment 
termination (Phelan et al., 2014). Moreover, 

behavioral interventions during pregnancy 
have the added potential benefit of reducing 
risk of obesity in the offspring (Haire-Joshu 
& Tabak, 2016; Mourtakos et al., 2015; 
Oken, Rifas-Shiman, Field, Frazier, & Gill-
man, 2008), signaling a potential avenue for 
primary prevention.

Ripple Effects
Although the direct effects of standard be-
havioral weight loss interventions have been 
extensively documented, the potential “in-
direct” benefits are often overlooked. Stan-
dard behavioral weight loss interventions 
have been shown to have positive “ripple” 
effects on weight of untreated partners in 
the home (Gorin et al., 2008; Hagobian et 
al., 2016). Future work should examine the 
ways in which behavioral treatment might 
impact untreated family members, their 
home environment, and social modeling be-
haviors.

Conclusions

Research on the behavioral treatment of 
obesity over the past 30 years has shown 
that eating and physical activity habits can 
be changed to promote successful weight 
control. A comprehensive behavioral treat-
ment program produces an average 8–10% 
reduction in initial body weight and a long-
term 4–5% weight loss that can be main-
tained for up to 8 years. This weight loss is 
associated with clinically meaningful im-
provements in several cardiovascular disease 
risk factors, including the prevention of type 
2 diabetes. As reviewed in other chapters, 
innovative approaches to improving behav-
ioral treatment are on the horizon. Poten-
tial treatment targets include strengthening 
motivation, self-efficacy, mindfulness/ac-
ceptance, self-regulation, and weight stabil-
ity skills. Although behavioral treatment is 
an individual-level intervention, ultimately, 
behaviorists must work within all layers 
of society to foster change. Industries, the 
government, and community organizations 
must work in conjunction to (1) reduce the 
number of environmental prompts for over-
eating and inactivity; (2) increase positive 
visual cues and provide rewards for healthy 
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eating and activity behaviors; and (3) pro-
mote rational cognitions surrounding eat-
ing, activity, and weight regulation. Engage-
ment from various segments of society will 
maximize behavioral treatment’s success in 
fostering long-term weight loss and positive 
health outcomes.
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The impact of obesity on well-being, health, 
and economic costs is well known (Apovian, 
Aronne, & Powell, 2015; Bray, Frühbeck, 
Ryan, & Wilding, 2016; Bray, 2011; Bray & 
Bouchard, 2014; Jensen et al., 2014). Even 
if the percentage of Americans who is over-
weight does not rise any further, the fact that 
40% of U.S. adults are obese is unaccept-
able (Ogden, Carroll, Kit, & Flegal, 2014). 
Although prevention is desirable, there will 
always be some people who are susceptible 
to weight gain and need management of 
their obesity. This handbook deals with the 
breadth of options to manage overweight 
and obesity. This chapter focuses on the 
use of medications as an adjunct to lifestyle 
intervention to produce and sustain weight 
loss. We discuss the use of U.S. Food and 
Drug Administration (FDA)-approved medi-
cations indicated for chronic weight man-
agement in patients with obesity (Apovian, 
Aronne, & Powell, 2015). Our discussion 
also encompasses the use of medications 
that affect body weight in patients with and 
without obesity but which are not explicitly 
approved by the FDA to manage obesity.

When evaluating a patient with obesity, 
a good first step is to identify the medica-

tions he or she is taking, noting the drugs 
that might affect body weight. This step 
gathers the “low-hanging fruit.” If medica-
tions that drive weight gain can be eliminat-
ed or replaced with those that also promote 
weight loss, the primary care physician has 
the opportunity to help patients reduce body 
weight.

Body mass index (BMI) is widely used 
for screening for the presence of obesity 
and its overall risks (Jensen et al., 2014). 
Using a matrix of BMI and other health risk 
factors, the NIH Review in 1998 and the 
AHA/ACC/TOS Guidelines, which updated 
evidence on risk assessment, provide recom-
mendations on the selection among vari-
ous treatments for management of weight, 
including the use of medications (see Fig-
ure 21.1). The latest guidelines, based on 
systematic evidence reviews (Jensen et al., 
2014; Apovian, Aronne, & Powell, 2015), 
endorse initiating use of medications as an 
adjunct to lifestyle intervention for patients 
with a BMI > 27 kg/m2 (in the presence 
of diabetes, hypertension, dyslipidemia, or 
other weight-related comorbidity) or with a 
BMI ≥ 30 kg/m2 if patients without comor-
bid conditions have been unable to achieve 
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or sustain weight loss with behavioral inter-
vention alone.

FDA‑Approved Medications  
for Weight Management  
in Patients with Obesity

Two groups of medications are approved by 
the FDA to treat obesity (Apovian, Aronne, 
& Powell, 2015; Bray et al., 2016). The 
first are the agents approved for “chronic 
weight management” and include orlistat, 
lorcaserin, liraglutide, the combination of 
phentermine and topiramate as an extended-
release (ER) formulation, and the combina-
tion of naltrexone and bupropion, both in 
sustained-release (SR) forms. The second are 
the medications approved by the FDA for 
short-term use, which is usually considered 
to be less than 12 weeks. These drugs are 
shown in Table 21.1.

Orlistat (Marketed as Xenical Worldwide)
Orlistat (tetrahydrolipstatin) is approved by 
the FDA for long-term treatment of obesity. 
Orlistat, as a potent and selective inhibitor 
of pancreatic lipase, reduces intestinal ab-
sorption of fat. It is available as a prescrip-

tion drug (120 mg three times a day before 
meals).

Clinical Efficacy

A number of long-term clinical trials with 
orlistat in patients with uncomplicated obe-
sity and in those with obesity and diabetes 
have been published (Sjöström et al., 1998; 
Torgerson, Hauptman, Boldrin, & Sjöström, 
2004; Chanoine, Hampl, Jensen, Boldrin, 
& Hauptman, 2005; LeBlanc, O’Connor, 
Whitlock, Patnode, & Kapka, 2011). The 
pooled 2-year data from pivotal randomized 
clinical trials are summarized in Figure 21.2 
(Bray, 2011). The figure compares the place-
bo-treated group, which initially lost weight 
and then began to regain, against groups 
treated with 60 or 120 mg of orlistat three 
times a day. A dose–response relationship is 
clear, showing greater weight loss efficacy 
with 120 mg three times daily, intermediate 
efficacy with 60 mg, and the lowest efficacy 
with placebo, all in conjunction with life-
style intervention. In a meta-analysis of tri-
als with orlistat, the weighted mean weight 
loss in the placebo group was 2.4 kg and the 
weight loss in those treated with orlistat was 
5.7 kg, for a net effect of –2.9 kg (LeBlanc 
et al., 2011).

FIGURE 21.1. Using BMI to select treatment for chronic weight management. This framework reflects 
a BMI-centric and complications-centric approach to selecting medications for weight management 
(Jensen et al., 2014; Apovian, Aronne, & Powell, 2015).

BMI Category

Treatment 25–26.9 27–29.9 30–34.9 35–39.9 ≥40

Diet, physical activity, 
and behavior therapy

with 
comorbidities

with 
comorbidities

+ + +

Pharmacotherapy with 
comorbidities

+ + +

Surgery with 
comorbidities

+

•• Prevention of weight gain with lifestyle therapy is indicated for any patient with a bMI ≥ 25 kg/m2, even 
without comorbidities, whereas weight loss is not necessarily recommended for those with a bMI of 
25–29.9 kg/m2 or a high waist circumference, unless they have two or more comorbidities.

•• combined therapy with a low-calorie diet, increased physical activity, and behavior therapy provides the 
most successful intervention for weight loss and weight maintenance.

•• consider pharmacotherapy only if a patient has not lost 1 pound/week after 6 months of combined 
lifestyle therapy.
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TABLE 21.1. Drugs That Have Been Approved by the FDA for Treatment of Obesity

Drug and mechanism of 
action (year approved) Trade names Dosage Comments

Pancreatic lipase inhibitor approved for long-term use orally

Orlistat (not scheduled) 
(1999)

Xenical 120 mg tid before 
meals

GI side effects from bloating and diarrhea 
are principal drawbacks; should be taken 
with a multivitamin.

Serotonin receptor agonist approved for long-term use orally

Lorcaserin DEA 
Schedule IV (2012)

BELVIQ 110 mg twice daily Headache, dizziness, nausea, dry mouth, 
and constipation are generally mild. Do not 
use with other serotonin-active drugs.

Glucagon-like receptor-1 agonist approved for long-term use by injection

Liraglutide (not 
scheduled) (2014)

Saxenda 3.0 mg/day by 
injection; dose 
escalation over 5 
weeks from 0.6 mg/
day to 3.0 mg/day

Nausea with some vomiting are principal 
side effects; acute pancreatitis or gall 
bladder disease can occur; hypoglycemia 
with some anti-diabetic drugs; do not 
prescribe in patients with personal or family 
history of medullary thyroid cancer or 
MEN 2.

Combination of two drugs approved for long-term use orally

Phentermine/
topiramate ER DEA 
Schedule IV (2012)

Qsymia 3.75 mg/23 mg, first 
week; 7.5 mg/46 
mg thereafter; 
can increase to 
15 mg/92 mg for 
inadequate response

Paresthesias and change in taste (dysgeusia); 
metabolic acidosis and glaucoma are rare; 
do not use within 14 days of an MAOI 
antidepressant; obtain negative pregnancy 
test before prescribing and avoid during 
pregnancy.

Naltrexone SR/
bupropion SR (not 
scheduled) (2014)

CONTRAVE 8 mg/90 mg tabs; 
take 2 twice 
daily after dose 
escalation.

Nausea, constipation, headache; avoid 
in patients receiving opioids, MAOI, 
antidepressants, and with history of seizure 
disorder.

Noradrenergic drugs approved for short-term use orally

Diethylpropion DEA 
Schedule IV (1959)

Tenuate
Tepanil

25 mg tid Dizziness, dry mouth, insomnia, 
constipation, irritability, and 
cardiostimulatory side effects.Tenuate Dospan 75 mg q A.M.

Phentermine DEA 
Schedule IV (1959)

Adipex
Fastin

15–37.5 mg/day Dizziness, dry mouth, insomnia, 
constipation, irritability, and 
cardiostimulatory side effects.Oby-Cap

Ionamin slow 
release

15–30 mg/day

Benzphetamine DEA 
Schedule III (1960)

Didrex 25–50 mg tid Dizziness, dry mouth, insomnia, 
constipation, irritability, and 
cardiostimulatory side effects.

Phendimetrazine DEA 
Schedule III (1959)

Bontril
Plegine
Prelu-2
X-Trozine

17.5–70 mg tid 
105 mg daily

Dizziness, dry-mouth, insomnia, 
constipation, irritability, and 
cardiostimulatory side effects.

Note. Data from McEvoy, Miller, and Litvak (2005). MAOI, monoamine oxidase inhibitors; MEN2, multiple endocrine neopla-
sia type 2
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Weight Loss Over Two Years with Orlistat: Integrated Database
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FIGURE 21.2. Weight loss for five FDA-approved medications for chronic weight management. Medi-
cation and placebo groups each received a background of lifestyle intervention. The transverse line 
represents the 5% weight loss line for comparison across the five medications. Orlistat was given at 60 
mg or 120 mg three times daily and compared to placebo in the pooled 2-year trials of orlistat (Bray, 
2011); data for lorcaserin 10 mg twice daily from Smith et al. (2010); data for liraglutide 3.0 mg/day 
from Pi-Sunyer et al. (2015); data on phentermine/topiramate SR at 7.5 mg/46 mg/day or 15 mg/92 mg/
day from Garvey et al. (2012); data for naltrexone/bupropion ER 16 mg/360 mg/day and 32 mg/360 
mg/day from Greenway et al. (2010).
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A 4-year double-blind, randomized, pla-
cebo-controlled trial with orlistat in 3,304 
overweight patients, 21% of whom had im-
paired glucose tolerance (Torgerson et al., 
2004), observed a mean loss during the first 
year of more than 11% of baseline weight 
in the lifestyle + orlistat-treated group, com-
pared to 6% in the lifestyle + placebo-treat-
ed group. Over the remaining 3 years of the 
trial, there was a small regain in mean body 
weight, with the orlistat-treated patients 
remaining 6.9% below baseline, compared 
with 4.1% for those receiving placebo. In 
this study, there was a 37% reduction in the 
conversion of patients from impaired glu-
cose tolerance to diabetes with the use of or-
listat 120 mg three times daily plus lifestyle 
counseling as compared with placebo.

Orlistat has also been studied in 539 ado-
lescents who received lifestyle intervention 
with either 120 mg of orlistat three times 
per day or placebo (Chanoine et al., 2005). 
BMI decreased on average by 0.6 kg/m2 in 
the drug-treated group compared to a mean 
increase of 0.3 kg/m2 in the placebo group. 
Orlistat has an FDA-approved indication in 
adolescents.

Safety Profile

Orlistat is not absorbed through the gas-
trointestinal (GI) track to any significant 
degree, and its side effects are thus related 
mainly to the blockade of triglyceride diges-
tion in the intestine (Bray, 2011). Oily stools, 
flatus with discharge, and related GI symp-
toms are common initially, but they subside 
as patients learn not to eat high-fat meals 
or snacks when they take the drug. Orlistat 
can cause small but significant decreases in 
fat-soluble vitamins. Levels usually remain 
within the normal range, but a few patients 
may need vitamin supplementation. Because 
it is clinically challenging to tell which pa-
tients need vitamins, it is wise to provide 
a multivitamin routinely with instructions 
to take it before bedtime. Orlistat does not 
seem to affect the absorption of other drugs, 
except acyclovir. Rare cases of severe liver 
injury have been reported with the use of 
orlistat; at a time when an estimated 40 
million people took orlistat, only one case 
of severe liver injury occurred in the United 
States, and 13 elsewhere. A causal relation-

ship has not been established, but patients 
who take orlistat should contact their health 
care provider if itching, jaundice, pale-color 
stools, or anorexia develop.

Lorcaserin (Marketed as BELVIQ 
in the United States)
Lorcaserin is approved by the FDA for chron-
ic weight management. Fenfluramine and 
dexfenfluramine, two previously approved 
serotonergic drugs for weight loss, were re-
moved from the market because of damage 
to the heart valves, and lorcaserin was care-
fully evaluated for this potential concern 
(Rothman & Baumann, 2009). Lorcaserin 
selectively targets the serotonin 2C (5-HT2C) 
receptor, and not the 2B receptors that were 
involved in the heart damage. When the 
5-HT2C receptor is activated in the hypothal-
amus, food intake is reduced (Halford, Har-
rold, Boyland, Lawton, & Blundell, 2007). 
Lorcaserin is prescribed at 10 mg twice daily 
(see BELVIQ prescribing information).

Clinical Efficacy

Three clinical studies provided evidence for 
approval of lorcaserin at a dose of 10 mg 
twice daily (Smith et al., 2010; Fidler et al., 
2011; O’Neil et al., 2012). The data from 
one trial are summarized in Figure 21.2, 
which shows the weight loss over 2 years 
and allows comparison with a subgroup of 
treated patients who were switched to pla-
cebo after 52 weeks on lorcaserin and subse-
quently returned to placebo-treated weight 
loss levels (Smith et al., 2010). Two of these 
studies—BLOOM (Behavioral Modification 
and Lorcaserin for Overweight and Obe-
sity Management; Smith et al., 2010) and 
BLOSSOM (Behavioral Modification and 
Lorcaserin Second Study for Obesity; Fidler 
et al., 2011)—enrolled volunteers who were 
obese or had a BMI ≥ 27 kg/m2 with one 
comorbidity. The third study—BLOOM-
DM (BLOOM—Diabetes Millitus) O’Neill 
et al., 2012)—enrolled patients with type 
2 diabetes and hemoglobin A1C (HbA1C) 
of 7–10% and a BMI of 27–45 kg/m2. In 
these studies all patients (including the pla-
cebo group) received counseling in diet and 
physical activity. There were improvements 
in cardiovascular risk factors in these stud-
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ies, particularly when the patient population 
had abnormal risk factors at baseline. In 
the BLOOM-DM study, mean HbA1C de-
creased by 0.9 with lorcaserin twice daily, 
compared to a 0.4 decrease with placebo (p 
< .001), and mean fasting glucose decreased 
27.4 ± mg/dL compared to a decrease of 
11.9 mg/dL for placebo (p < .001) (O’Neil 
et al., 2012). Weight maintenance was dem-
onstrated in the BLOOM-DM study with a 
small amount of regain in the second year. 
Energy intake was significantly reduced 
with lorcaserin by 286 kcal/day compared 
to a decrease of 147 kcal/day in the placebo 
group. Hunger ratings were also reduced by 
lorcaserin treatment (Martin et al., 2011).

Safety Profile

Lorcaserin was scrutinized for potential ef-
fects on heart valves during Phase III stud-
ies in which echocardiograms were done 
on more than 5,200 subjects. There was 
no statistically significant increase in FDA-
defined valvulopathy with drug treatment 
as compared to placebo. In the FDA brief-
ing report, using combined data on all pa-
tients who were exposed to lorcaserin or 
to placebo in the three studies, the relative 
risk of FDA-defined valvulopathy in lorca-
serin-treated participants, as compared with 
those who received placebo, was reported as 
1.16 (95% confidence interval [CI], 0.81 to 
1.67), which is not statistically significant. 
However, since lorcaserin has much greater 
selectivity for the 5-HT2C receptor than the 
5-HT2B receptor, it is very unlikely that lor-
caserin will increase the risk of valvulopathy 
in humans. The FDA has not recommended 
routine echocardiography for prescription of 
the medication.

Another issue with lorcaserin arose in 
preclinical studies, in which an increased 
number of brain and mammary tumors were 
found in rats in long-term toxicology stud-
ies. These were reanalyzed, and there were 
fewer malignant tumors than first thought 
(Food and Drug Administration, 2012a). 
Additionally, the drug does not achieve 
high levels in the central nervous system of 
humans, whereas it does in rats (Food and 
Drug Administration, 2012a).

Lorcaserin is well tolerated. The most 
common adverse events in clinical trials 

were headache, nausea, dizziness, fatigue, 
dry mouth, and constipation. These were 
mild and resolved quickly. However, a pri-
mary concern is that the drug should not be 
used with selective serotonin reuptake in-
hibitors (SSRIs) or with monoamine oxidase 
inhibitors (MAOIs) because of the risk of se-
rotonin syndrome.

Liraglutide (Marketed as Saxenda 
in the United States)
Liraglutide is a glucagon-like peptide-1 
(GLP-1) agonist that has a 97% homology 
to GLP-1. The molecular change extends 
the circulating half-life from 1–2 minutes to 
13 hours. Liraglutide reduces body weight 
in animals and human beings. This drug 
is indicated as an adjunct to a reduced-
calorie diet and increased physical activity 
for chronic weight management in adult pa-
tients with an initial BMI of > 30 kg/m2 or 
> 27 kg/m2 if diabetes, hypertension, or dys-
lipidemia are present.

Clinical Efficacy

In a 20-week multicenter European trial, ex-
tended to 2 years, Astrup et al. (2009, 2012) 
reported that on a background of lifestyle 
intervention, daily injections of liraglutide 
at 1.2, 1.8, 2.4, or 3.0 mg produced mean 
weight losses of 4.8, 5.5, 6.3 and 7.2 kg re-
spectively, compared to a loss of 2.8 kg in the 
placebo-treated group and 4.1 kg in the orli-
stat-treated comparator group. In the group 
treated with 3.0 mg/day, 76% achieved a ≥ 
5% weight loss compared to 30% in the pla-
cebo group. In a much larger multi-center 
trial, 3,731 patients without diabetes were 
instructed to adhere to a 500 kcal/day defi-
cit diet and lifestyle recommendations and 
were treated in a ratio of 2:1 with liraglutide 
3.0 mg/day (after dose titration) or with pla-
cebo + lifestyle. Mean baseline weight was 
106.3 kg, and mean BMI was 38.3 kg/m2. 
Liraglutide reduced body weight at 56 weeks 
by 8.4 kg on average compared to 2.8 kg on 
average in the placebo + placebo-treated 
group (Pi-Sunyer et al., 2015). Weight loss 
of ≥ 5% was achieved by 62.3% of those re-
ceiving liraglutide but only 34.4% in those 
with placebo. The corresponding numbers 
losing ≥ 10% were 33.9% for those on li-



 The Role of Medications in Weight Management 355

raglutide and 15.4% for those assigned to 
placebo. In another trial, weight loss was 
induced with a low-calorie diet before pa-
tients were randomized to lifestyle counsel-
ing and either placebo or 3.0 mg/day (after 
titration) liraglutide (Wadden et al., 2013). 
The mean weight was 99.6 kg, slightly less 
than in the previous trial. Weight loss be-
fore randomization was approximately 6% 
on average, and after randomization those 
receiving liraglutide lost an additional 6.8 
kg (completers; 4.9 kg by intention to treat) 
compared to no additional loss in the pla-
cebo group at 56 weeks (and a small gain in 
the intention-to-treat analysis). The percent-
age of participants losing ≥ 5% and 10% of 
body weight was more than twice as high in 
the liraglutide-treated patients, compared to 
placebo.

Safety Profile

Liraglutide is contraindicated in people 
with a family history of medullary thyroid 
carcinoma or multiple endocrine neoplasia 
syndrome type 2 (MEN2). It also is contra-
indicated in pregnancy. Liraglutide should 
not be used in patients with a history of pan-
creatitis and should be discontinued if pan-
creatitis develops. Its safety, when combined 
with other drugs for weight management, 
has not been established. This drug is given 
by injection, and nausea was one of its most 
troublesome side effects, occurring in 39.3% 
of those on liraglutide compared to 13.8% 
in the placebo-treated group. Diarrhea, con-
stipation, vomiting, dyspepsia and abdomi-
nal pain also occurred in more than 5% of 
those treated with liraglutide. Mean serum 
calcitonin was significantly higher in the li-
raglutide group but did not require further 
follow-up. Hypoglycemia was only a prob-
lem in patients also taking sulfonylureas. 
Blood pressure was significantly reduced, 
but pulse rate increased by > 10 beats/min-
ute in 34% of the liraglutide-treated group, 
compared with 19% in the placebo-treated 
group. There were no changes in serum lip-
ids. Liraglutide should be used with caution 
in patients with renal impairment. Liraglu-
tide has been approved by both the Euro-
pean Medicines Agency and the FDA for 
the treatment of obesity in a dose of 3.0 mg/
day. If weight loss does not exceed 4% by 16 

weeks, the drug should be discontinued. Li-
raglutide has been approved at a lower dose 
of 1.8 mg/day for the treatment of diabetes 
and has a different retail name (Victoza). 
The indications for these two doses are dis-
tinct—if patients with and without diabetes 
are undertaking a weight loss effort, liraglu-
tide 3.0 mg may be indicated. However, if 
the primary goal is management of glycemia 
in patients with diabetes, then liraglutide 1.8 
mg is indicated.

Phentermine/Topiramate Combination 
(Marketed as Qsymia in the United States)
The combination of phentermine and topi-
ramate (PHEN/TPM) as an ER medication 
is marketed as Qsymia and was the first 
new drug combination approved for chronic 
weight management in overweight and obese 
persons in more than a decade. The combi-
nation uses lower doses of phentermine (i.e., 
3.75 mg in the starting dose, 7.5 mg in the 
recommended dose, and 15 mg in the dose 
that may be used if patients do not achieve 
success at the recommended dose) than are 
usually prescribed when phentermine is used 
as a single agent. The topiramate is an ER 
formulation, not available other than in this 
combination. The dose of topiramate in the 
combination (i.e., 23 mg in the starting dose, 
46 mg in the recommended dose, and 92 mg 
in the full dose) is also lower than that when 
topiramate is used for migraine prophylaxis 
or to control seizures. In terms of mecha-
nism of action, phentermine acts to reduce 
appetite through increasing norepinephrine 
in the hypothalamus. The appetite-reducing 
mechanism of topiramate is not thoroughly 
understood, although it may be through its 
effect on gamma-aminobutyric acid (GABA) 
receptors.

Clinical Efficacy

Two clinical studies provided efficacy and 
safety data that formed the basis for FDA 
(Food and Drug Administration, 2010b) 
approval of the medication (Allison et al., 
2012; Gadde et al., 2011). The first, EQUIP, 
enrolled subjects ≤ 70 years of age with BMI 
≥ 35 kg/m2 (no upper limit) and required 
blood pressure to be controlled (≤  140/90 
mmHg using 0–2 antihypertensive medica-
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tions), fasting blood glucose ≤ 110 mg/dL, 
and triglycerides ≤ 200 mg/dL using 0 or 
1 lipid-lowering medication (Allison et al., 
2012). The other study, CONQUER, en-
rolled adults ≤ 70 years of age with BMI ≥ 27 
and ≤ 45 kg/m2, but for patients with type 2 
diabetes, no lower BMI limit was required 
(Gadde et al., 2011). The CONQUER study 
also required patients to have two or more 
of the following comorbidities: hyperten-
sion, hypertriglyceridemia, dysglycemia 
(impaired fasting glucose, impaired glucose 
tolerance, or type 2 diabetes), or an elevated 
waist circumference (≥ 40 inches for men or 
≥ 35 inches for women). Thus, the patient 
population in these two studies represents 
those with higher-risk profiles from the con-
sequences of excess weight. A titration pe-
riod of 2 weeks is recommended for PHEN/
TPM ER, starting at the combination dose 
of 3.75 mg phentermine/23 mg topiramate, 
although in these studies it was shorter. All 
subjects in these studies received a lifestyle 
modification program based on the LEARN 
manual (Brownell, 2000). This combination 
medication has produced the largest mean 
weight losses observed in clinical trials of 
obesity medications, approaching 10% on 
average.

The CONQUER study was extended for 
a second year of observation with 78% of 
patients continuing in their treatment as-
signment; this was called the SEQUEL study 
(Garvey et al., 2012). At the end of the second 
year of treatment, patients who completed 
the trial taking the recommended dose (7.5 
mg/46 mg) maintained a mean weight loss of 
9.3% below baseline, and those on the top 
dose maintained a 10.7% mean weight loss 
from baseline. The 2-year weight loss for 
this trial is shown in Figure 21.2.

The weight loss with PHEN/TPM ER 
is accompanied by improvements in most 
risk factors. In the CONQUER study, there 
were clinically and statistically significant 
improvements in blood pressure, glycemic 
measures, HDL cholesterol, and triglycer-
ides with both the recommended and the 
top doses of the medication (Gadde et al., 
2011). In the EQUIP, CONQUER, and SE-
QUEL studies, improvements in risk factors 
were related to the amount of weight loss, 
with greater benefit being observed with 

greater weight loss (Allison et al., 2012; 
Gadde et al., 2011; Garvey et al., 2012). 
Further, a population with abnormal risk 
factors is more likely to demonstrate im-
provement in those risk factors. PHEN/
TPM ER has also been studied in patients 
with sleep apnea and shown to reduce the 
severity of symptoms from sleep apnea 
(Garvey et al., 2012).

Safety Profile

The most commonly observed side effects 
in the clinical trials of PHEN/TPM ER 
were paraesthesia, dizziness, dysgeusia (al-
tered taste), insomnia, constipation, and dry 
mouth (Vivus, Inc., 2012). These side effects 
are related to the constituents of PHEN/
TPM ER or, in the case of constipation, to 
weight loss per se. Phentermine, as a sympa-
thomimetic agent, causes insomnia and dry 
mouth, usually early in treatment, which 
then resolves. Topiramate is a carbonic an-
hydrase inhibitor that is associated with al-
tered taste for carbonated beverages and tin-
gling in fingers, toes and perioral areas and 
may lead to mild metabolic acidosis.

Safety concerns with PHEN/TPM ER are 
also associated with the two components. 
Weight loss is contraindicated in pregnancy, 
as are all weight loss medications. Topira-
mate is associated with oral clefts if used 
during early pregnancy, and PHEN/TPM 
ER is pregnancy Category X (see Vivus, 
Inc., 2012, for Qsymia prescribing informa-
tion). A rare side effect of topiramate is acute 
glaucoma, and the drug is contraindicated 
in glaucoma. PHEN/TPM ER is also con-
traindicated in hyperthyroidism and within 
14 days of treatment with MAOIs. It is also 
contraindicated in patients with hypersensi-
tivity to any of the ingredients in the medi-
cation. Because of the risk of oral clefts, a 
negative pregnancy test before treatment 
(and monthly thereafter) and use of effec-
tive contraception are required. If a patient 
becomes pregnant while taking PHEN/TPM 
ER, treatment should be terminated imme-
diately. Other potential issues, though rare, 
include risk of kidney stones (associated 
with topiramate) and increased heart rate 
in patients susceptible to sympathomimetic 
drugs (associated with phentermine).
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Naltrexone/Bupropion Combination 
(Marketed as CONTRAVE 
in the United States)
Bupropion reduces food intake by acting on 
adrenergic and dopaminergic receptors in 
the hypothalamus. Naltrexone is an opioid 
receptor antagonist with minimal effect on 
weight loss on its own. The rationale for 
combining bupropion with naltrexone is that 
naltrexone might block inhibitory influences 
of opioid receptors activated by the beta-
endorphin that is released in the hypothala-
mus and stimulates feeding, while allowing 
alpha-melanocyte-stimulating hormone to 
inhibit food intake (Greenway, Whitehouse, 
et al., 2009). The combination of bupropion 
and naltrexone (called CONTRAVE) was 
favorably reviewed by an FDA Advisory 
Panel in 2012 (Food and Drug Administra-
tion, 2012a, 2012c).

Clinical Efficacy

Four clinical trials, encompassing over 
4,000 patients, have demonstrated the clini-
cal effectiveness of this combination for 
chronic management of weight (Apovian 
et al., 2013; Greenway et al., 2010). Mean 
weight loss with the naltrexone/bupropion 
SR combination (32 mg naltrexone, 360 mg 
bupropion) plus lifestyle at 56 weeks was 
6.1% below baseline (N = 471) compared to 
1.6% in the placebo + lifestyle group (N = 
511). In a second trial mean weight loss was 
6.4% (N = 825) in the drug + lifestyle group 
versus 1.2% (N = 456) in the placebo + life-
style group (Greenway et al., 2010). In both 
trials the proportion achieving weight loss ≥ 
5% was more than twice as large in the com-
bination-treated group as in the placebo-
treated group. In both cases, too, the mean 
placebo-subtracted weight loss was interme-
diate to that of PHEN/TPM ER and lorca-
serin. Naltrexone/bupropion (SR) produced 
significantly greater weight loss when com-
bined with intensive rather than minimal 
lifestyle counseling (Wadden et al., 2011) 
and also was effective in inducing weight 
loss in patients with diabetes (Hollander et 
al., 2013). Significant improvements were 
seen in HDL cholesterol and triglycerides in 
all four trials. Mean diastolic blood pressure 
fell by 2–3 mmHg in the placebo-treated 

groups, but blood pressure increased slightly 
from baseline in the bupropion/naltrexone-
treated group at 4 and 8 weeks; blood pres-
sure was similar to baseline at 12 weeks and 
only decreased by about 1 mmHg at the end 
of 24–56 weeks. Systolic blood pressure and 
pulse rate were also higher in the drug-treat-
ed patients compared to the placebo-treated 
groups. Because of these cardiovascular ef-
fects, patients receiving this combination 
should be monitored for undesirable increas-
es in heart rate or blood pressure.

Safety Profile

This combination is contraindicated in in-
dividuals with uncontrolled hypertension, 
seizure disorders, anorexia nervosa, or those 
undergoing the abrupt withdrawal of alco-
hol, benzodiazepines, barbiturates, or anti-
epileptic drugs. Since it contains an opioid 
antagonist, it is contraindicated in people 
using opioids chronically. It should not be 
used within 14 days of taking an MAOI. 
Finally, it is contraindicated in pregnancy. 
Care should be taken in patients with a his-
tory of suicidal thoughts and behaviors, since 
bupropion used for treatment of depression 
has been associated with suicidal risk. Na-
ltrexone and bupropion are metabolized 
by several different hepatic enzymes, and 
care needs to be taken to check for poten-
tial drug–drug interactions. Bupropion may 
produce dilation of the pupils, which poses a 
risk for individuals with angle- closure glau-
coma. A history of bipolar disorder should 
raise concern when thinking of this drug 
combination because bupropion may exac-
erbate mania. Weight loss in patients with 
diabetes may increase the risk of hypoglyce-
mia, particularly in patients taking insulin 
or insulin secretogogues.

FDA‑Approved Drugs for Short‑Term 
Use in Weight Management of Patients 
with Obesity

The sympathomimetic drugs—benzphet-
amine, diethylpropion, phendimetrazine, 
and phentermine—are grouped together be-
cause they act like norepinephrine and were 
tested before 1975. Phentermine and dieth-
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ylpropion are classified by the U.S. Drug 
Enforcement Agency as Schedule IV drugs; 
benzphetamine and phendimetrazine are 
Schedule III drugs. This regulatory classifi-
cation indicates the government’s belief that 
these drugs have the potential for abuse, 
although this potential appears to be very 
low. Phentermine and diethylpropion are ap-
proved for only a “few weeks,” which usu-
ally is interpreted as up to 12 weeks. Most 
of the data on these drugs come from short-
term trials.

Phentermine
Phentermine, as a single agent, remains the 
most frequently prescribed drug for weight 
loss in the United States. Because phenter-
mine was approved in 1959 for short-term 
use for weight loss, there are few current 
data to evaluate its long-term efficacy. In 
2011, the FDA (2011) approved a new for-
mulation of the drug, Suprenza, marketed by 
Akrimax Pharmaceuticals, LLC. Since the 
FDA only approved the new, orally dissolv-
ing formulation, no clinical weight loss data 
were submitted with the New Drug Applica-
tion (NDA; Food and Drug Administration, 
2011). However, several studies are worthy 
of note because they provide recent data on 
the safety and efficacy of phentermine as a 
single agent.

A 6-month study that was presented to 
the FDA in the briefing document for the 
PHEN/TPM combination had four treat-
ment arms and 200 subjects, with 158 
subjects completing 6 months (Ryan et al., 
2010). For the phentermine 15 mg daily 
treatment group, mean weight loss at 6 
months was 4.6%, compared to a mean loss 
of 2.1% for placebo. Another phentermine 
study that is relatively current was presented 
as a poster at the European Congress on 
Obesity in 2009 (Aronne et al., 2013; Ryan 
et al., 2010). This study also explored the 
PHEN/TPM combination and overall had 
seven treatment arms among 756 subjects. 
Thus, it is one of the largest studies of phen-
termine alone at two doses (> 100 subjects 
per dose) with over 6 months of observation. 
In that study, at 28 weeks, completion rates 
were 65%. Mean weight loss at 28 weeks for 
the placebo group was 1.7% from baseline, 
compared with 5.5% for phentermine 7.5 

mg/day and 6.1% for phentermine 15 mg/
day. Finally, a report from Korea evaluated 
a diffuse, controlled-release form of phenter-
mine at 30 mg (n = 37) versus placebo (n = 
37) (Kim, Cho, Kang, Youn, & Lee, 2006). 
At 12 weeks, mean weight loss was 8.1 ±3.9 
kg for drug-treated patients versus 1.7 ± 2.9 
kg for placebo patients. These trials suggest 
that the degree of weight loss with phenter-
mine is dose-related.

Safety Profile

The sympathomimetic drugs produce central 
excitation, manifested clinically as insomnia 
and in some individuals as nervousness. This 
effect is most obvious shortly after the drug 
is started and wanes substantially with con-
tinued use. Dry mouth is among the most 
common side effects. To a variable extent, 
these drugs may also increase heart rate and 
blood pressure. The prescribing information 
usually recommends that the drugs not be 
given to individuals with a history of cardio-
vascular disease. There is little evidence of 
quantitative effects on blood pressure and 
pulse, especially after 6 months of treat-
ment. A short-term study, which evaluated 
phentermine and taranabant (an experimen-
tal cannabinoid receptor antagonist), admin-
istered singly or together for up to 28 days, 
revealed no significant differences in mean 
blood pressure and heart rate as compared 
with placebo (Kang, Park, Kang, Park, & 
Park, 2010). In a 12-week study from Korea, 
68 obese individuals were randomized to 
either phentermine HCl 37.5 mg/day or 
placebo (Kim et al., 2006). There were no 
significant differences in mean blood pres-
sure changes between groups at 12 weeks, 
although the phentermine group lost signifi-
cantly more weight, on average (7.2 kg vs. 
1.9 kg, p < .001). In the previously described 
Korean study of a new formulation of phen-
termine (i.e., diffuse, controlled release; 
not marketed in the United States), there 
were no significant differences between the 
phentermine and placebo groups in systolic 
or diastolic blood pressure. However, de-
spite clinically significant weight loss in the 
phentermine group (8.1 kg) at 12 weeks, 
expected decreases in blood pressure were 
not observed. Furthermore, the phentermine 
group had a mean increase in heart rate of 
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2.7 beats/minute, compared to a decrease of 
4.3 in the placebo-treated subjects (Addy et 
al., 2009).

Lacking good quantitative measures of 
the effects of phentermine diethylpropion, 
phendimetrazine, and benzphetamine on 
heart rate and pulse, we recommend caution 
in prescribing these drugs. They should not 
be prescribed to persons with a history of 
cardiovascular disease. The blood pressure 
and pulse should be monitored while taking 
sympathomimetics. Even though there is no 
convincing evidence of mean blood pressure 
increases, the lack of the expected reduc-
tions in blood pressure with weight loss is 
an indication that the drugs do have some 
stimulatory effect on blood pressure. Should 
these drugs have come before the FDA today 
for approval for long-term use, the FDA 
would undoubtedly have required a cardio-
vascular outcome study.

In one survey of bariatric physicians, use 
of sympathomimetic amines was more fre-
quent than use of sibutramine (a drug that 
was withdrawn by the FDA, based on results 
of a cardiovascular outcome trial) or orlistat, 
and the medications were often used for lon-
ger than approved by the FDA (Hendricks, 
Rothman, & Greenway, 2009). Prescrib-
ers should be aware of the local and federal 
regulations governing prescribing limits and 
the lack of long-term clinical trial data for 
phentermine.

Treatment of Patients with Overweight/
Obesity and Comorbid Diabetes, 
Depression, Migraine, or Epilepsy

Weight gain, or weight loss, are side effects of 
many drugs used by physicians to treat their 
patient’s diseases. When selecting medica-

tions for managing chronic disease, if there is 
a reasonable choice that will produce weight 
loss for the patient with obesity, good clini-
cal practice would recommend that choice.

Treatment of Patients with Obesity 
and Diabetes
Many would say that the epidemic of dia-
betes is following on the heels of the obe-
sity epidemic. The rate of developing dia-
betes can clearly be slowed by weight loss, 
which is the first line of treatment (Diabe-
tes Prevention Program Research Group, 
2002, 2009; Tuomilehto et al., 2001). There 
is growing interest in the ability of weight 
loss to “reverse” diabetes, and this has been 
demonstrated in association with various 
surgical procedures (Buchwald et al., 2004; 
Sjöström et al., 2014) and even with a life-
style intervention (Gregg et al., 2012). Table 
21.2 lists the drugs that are available to treat 
diabetes. Insulin produces a weight gain that 
ranges from 1.8 to 6.6 kg (Leslie, Hankey, 
& Lean, 2007). Two widely used sulfonyl-
urea drugs (i.e., glipizide and glibenclamide) 
also produce weight change, which in most 
studies ranges from –0.3 to 4.0 kg (Leslie 
et al., 2007), and this is also true for the 
thiazolidinediones (e.g., rosiglitazone and 
pioglitazone), which lead to weight gains 
of 0.2–1.5 kg or more (Smith et al., 2005). 
Other drugs are weight neutral or can cause 
weight loss (Bray & Ryan, 2012).

Metformin

Metformin is a biguanide that is approved 
by the FDA for the treatment of diabetes 
mellitus and has a good safety profile. This 
drug reduces hepatic glucose production, 
decreases intestinal glucose absorption from 

TABLE 21.2. Categorization of Anti‑Diabetic Drugs by Their Effects on Body Weight

Produce weight loss Are weight neutral Produce weight gain

Metformin
Pramlintide
Exenatide
Liraglutide

Dipeptidyl peptidase-4 inhibitors (DPP-4)
Acarbose
Miglitol
Bromocriptine

Insulin
Sulfonylureasa

Glitinides
Thiazolidinedionesb

Gliflazones

aGlipizide, glimepride, glibenclamide, chlorpropamide.
bPioglitazone, rosiglitazone.
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the gastrointestinal tract, and enhances in-
sulin sensitivity. One mechanism for the 
reduction in hepatic glucose production by 
metformin may depend on the phosphory-
lation of a nuclear binding protein, cyclic 
AMP-responsive element-binding (CREB) 
protein (CBP) at Ser436 AMPK. This mech-
anism disrupts a number of other signals, 
including a master transcription factor, 
peroxisome profliferator-activated receptor 
gamma coactivator 1A (PPARGC1A), which 
in turn leads to the suppression of hepatic 
glucose output (He et al., 2009).

The longest and best study of metformin 
on body weight comes from the Diabetes 
Prevention Program Research Group (2012). 
During the first 2.8 years of the double-
blind, placebo-controlled trial, the metfor-
min-treated group lost an average of 2.1 kg 
versus a loss of only 0.1 kg in the placebo 
group (p < .001). The degree of weight loss 
was related to the adherence to metformin. 
Those who were the most adherent lost, on 
average, 3.5 kg at 2 years, compared with 
a small weight gain of 0.5 kg in those who 
were assigned to, but never took, metformin. 
This differential mean weight loss persisted 
throughout the 8 years of follow-up, with 
highly adherent patients remaining 3–4 kg 
below baseline and those who were not ad-
herent being no different from placebo.

Metformin has been evaluated in people 
treated with antipsychotic drugs. In a sys-
tematic review, Bushe, Bradley, Doshi, and 
Karagianis (2009) found that metformin 
may have some value in reducing or pre-
venting weight gain and adverse changes in 
metabolic parameters during treatment with 
antipsychotic medications.

Pramlintide

Pramlintide is a modified form of amylin, a 
peptide secreted from the beta cells of the 
pancreas along with insulin. Pramlintide 
has been approved by the FDA for treatment 
of diabetes and in clinical trials produced 
weight loss. A meta-analysis of pramlintide’s 
effect on weight, when used in the treatment 
of diabetes, demonstrated a mean weight 
loss of 2.6 kg for those taking pramlintide 
versus the control groups (Singh-Franco, 
Perez, & Harrington, 2011).

GLP‑1 Receptor Agonists

GLP-1 is a naturally occurring peptide re-
leased by the GI tract in response to food. 
It is a known suppressor of food intake. Be-
cause of their favorable weight loss profile, 
GLP-1 agonists may be of value in treating 
patients with diabetes.

Several GLP-1 receptor agonists are avail-
able in the United States (i.e., albiglutide, 
dulaglutide, exenatide, and liraglutide) and 
one agonist in Europe (i.e., lixisenatide). As 
a class, GLP-1 receptor agonists are associ-
ated with weight loss at dosage levels ap-
proved for the treatment of diabetes. Only 
liraglutide (Astrup et al., 2009) and exena-
tide (Rosenstock et al., 2006; Dushay et al., 
2012; Kelly et al., 2013) have been systemat-
ically studied in the setting of lifestyle inter-
vention to produce weight loss. As discussed 
previously, liraglutide 3.0 mg is approved for 
chronic weight management, but liraglutide 
1.8 mg is the maximum dose indicated for 
the management of diabetes.

Liraglutide (once daily) and exenatide 
(twice daily) are short-acting compounds 
approved for treatment of type 2 diabetes. 
A systematic evidence review that evaluated 
effects on weight of exenatide and liraglu-
tide, at doses approved for the management 
of diabetes, concluded that there was no dif-
ference in the weight loss effects of exenatide 
given weekly or daily versus daily liraglutide 
(Potts et al., 2015). That study showed a 
weight loss effect of 1.3–2.4 kg for the vari-
ous doses of the two medications.

Long-acting GLP-1 receptor agonists have 
more recently been marketed for the man-
agement of type 2 diabetes. Exenatide long-
acting release (LAR), albiglutide, and dula-
glutide are all administered weekly and are 
associated with weight loss (Amori, Lau, & 
Pittas, 2007). However, no head-to-head 
comparisons of weight loss efficacy have 
been published.

As a class, GLP-1 receptor agonists have a 
side-effect profile of headache, nausea, and 
vomiting that is lessened by a gradual dose 
escalation (Apovian et al., 2010). This class 
of drugs is associated with pancreatitis, and 
because of rodent findings of C cell tumors, 
the drugs are contraindicated in patients 
with a personal or family history of med-
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ullary thyroid carcinoma or multiple endo-
crine neoplasia, type 2.

Gliflozins

Familial renal glucosuria results from a 
deficiency in the sodium–glucose cotrans-
porter-2 (SGLT-2) and serves as a model for 
the effects of drugs that inhibit this path-
way and might be useful to treat diabetics. 
Glucose is removed from the urinary fil-
trate by the action of two SGLTs. SGLT-2 
is located primarily in the proximal tubule, 
where 90% of the glucose is reabsorbed, in 
contrast to SGLT-1, which is located more 
distally in the nephron. Several drugs have 
been developed in this class and marketed 
in the United States for management of type 
2 diabetes: dapaglifozin, canaglifozin, and 
empaglifozin (Clar, Gill, Court, & Waugh, 
2012; Cefalu et al., 2013; Kim & Babu, 
2012). These are all selective, orally ac-
tive, once-daily SGLT-2 inhibitors. All are 
associated with weight loss. In a random-
ized, placebo-controlled study of 182 pa-
tients, dapaglifozin was associated with a 
2.1-kg placebo-subtracted weight loss at 24 
weeks (Bolinder et al., 2012). Canaglifozin 
at doses of 100 and 300 mg per day, in a 
pooled analysis of four studies (N = 2,250), 
was shown to produce weight loss compared 
to placebo (Cefalu et al., 2015). In a meta-
analysis of 10 trials of empaglifozin 10 mg 
and 25 mg used for diabetes management, 
weight loss was 1.9 and 1.8 kg for each dose, 

respectively (Liakos et al., 2014). There are 
no head-to-head comparisons of the SGLT-
2 inhibitors, but the weight loss efficacy of 
the drugs in this class seems to be similar. 
Side effects with this class of drugs include 
urinary tract infections, hypoglycemia, re-
duction in blood pressure, postural hypo-
tension, dehydration, renal dysfunction, and 
metabolic acidosis.

Treatment of Patients with Obesity 
and Comorbid Neuropsychiatric Disorders 
Such as Depression, Epilepsy, and Migraine
This category of patients includes those with 
obesity who are depressed, those with mi-
graine symptoms, and those needing anti-
psychotic drugs. Some of the approved drugs 
for managing neuropsychiatric conditions 
produce weight gain, and others are associ-
ated with weight loss (see Table 21.3). One 
option for the health provider is to change to 
an effective medication that produces weight 
loss from one that produces weight gain. 
The magnitude of mean weight gain for the 
drugs in the weight gain column ranges from 
1.2 to 5.8 kg for valproate, from 4.0 kg to 
5.3 kg for lithium, from 2.1 to 2.3 kg for ris-
peridone, from 2.8 to 7.1 kg for olanzapine, 
and from 4.2 to 9.9 kg for clozapine (Leslie 
et al., 2007). This degree of weight gain can 
make continuation of treatment more diffi-
cult, and using weight neutral drugs or the 
alternatives that produce weight loss is good 
clinical practice.

TABLE 21.3. Categorization of Neurobehavioral Drugs by Their Effects 
on Body Weight

Produce weight loss Are weight neutral Produce weight gain

Bupropion
Venlafaxine
Desvenlafaxine
Topiramate
Zonisamide
Lamotrigine
Ziprasidone

Haloperidol
Aripiprazole

Tricyclic antidepressantsa

Monoaine oxidase inhibitors
Paroxetine
Escitalopram
Lithium
Olanzapine
Clozapine
Risperidone
Carbamazepine
Valproate
Divalproex
Mirtazapine

aNortriptyline, amitriptyline, doxepin.
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Bupropion

Bupropion is FDA approved for the treat-
ment of depression and as an aid in helping 
patients stop smoking. It reduces food intake 
by acting on adrenergic and dopaminergic 
receptors in the hypothalamus. These neu-
rotransmitters are involved in the regulation 
of food intake.

In a study with uncomplicated and non-
depressed people with obesity, 327 subjects 
were randomized in equal proportions to 
bupropion 300 mg/day, bupropion 400 mg/
day, or placebo (Anderson et al., 2002). All 
patients were prescribed a hypocaloric diet 
that included the use of liquid meal replace-
ments. At 24 weeks, 69% of those random-
ized remained in the study, and body weight 
was reduced, on average, by 5.0%, 7.2%, 
and 10.1% for the placebo, bupropion 300-
mg, and bupropion 400-mg groups, respec-
tively (p < .0001). The placebo group was 
randomized to the 300-mg or 400-mg group 
at 24 weeks, and the trial was extended to 
week 48. By the end of the trial, the dropout 
rate was 41%, and the mean weight losses in 
the bupropion 300-mg and bupropion 400-
mg groups were 6.2% and 7.2% of initial 
body weight, respectively (Anderson et al., 
2002). For patients with obesity and depres-
sion, this drug would be a good option.

Topiramate

Topiramate is FDA approved for the use in 
certain types of epilepsy and for the prophy-
laxis of migraine headache. It was found to 
induce weight loss in clinical trials for epi-
lepsy treatment, with losses of 3.9% of ini-
tial weight at 3 months and 7.3% at 1 year. 
In a 6-month, placebo-controlled, dose-
ranging study, 385 subjects were random-
ized to five groups: topiramate at 64 mg/
day, 96 mg/day, 192 mg/day, 384 mg/day, or 
placebo (Bray et al., 2003). These doses were 
gradually increased over 12 weeks and were 
tapered off in a similar manner at the end of 
the trial. Mean weight losses from baseline 
to 24 weeks were 5.0%, 4.8%, 6.3%, 6.3%, 
and 2.6%, in the five groups, respectively. 
The most frequent adverse events were 
paresthesias (tingling or prickly feelings in 
skin), somnolence, and difficulty with con-
centration, memory, and attention.

Other Medications That Can Affect Weight
A systematic evidence review conducted by 
the Endocrine Society (Apovian, Aronne, 
Bessesen, et al., 2015) discusses additional 
medications that can affect body weight. 
Of particular concern are the newer atypi-
cal antipsychotics, which may cause weight 
gain in susceptible individuals. That review 
identified ziprasidone and aripiprazole as 
most likely to be weight neutral. Similarly, 
the anticonvulsants carbamazepine, gaba-
pentin, and valproate were found to be as-
sociated with weight gain, whereas topira-
mate (discussed above) and zonisamide with 
weight loss (Apovian, Aronne, Bessesen, et 
al., 2015). Other medications associated 
with gain included progestational steroids 
used for contraception or for treatment of 
endometriosis (Apovian, Aronne, Bessesen, 
et al., 2015).

Conclusions

It is important that physicians who man-
age patients with health problems related to 
obesity prescribe medications appropriately. 
This includes prescribing medications as ad-
juncts to comprehensive lifestyle interven-
tion and choosing medications wisely for 
management of chronic diseases. Figure 21.1 
provides a framework for selecting treat-
ments for chronic weight management in 
patients who are overweight or obese. This 
framework was provided in the guidelines of 
the National Heart, Lung, and Blood Insti-
tute in 1998 and basically was reconfirmed 
in the 2013 guidelines (Jensen et al., 2014). 
It uses BMI as the major factor in making 
treatment selections, but this singular focus 
needs to be tempered with clinical judg-
ment based on cultural considerations and 
the presence of risk factors for the meta-
bolic syndrome. Medications as adjuncts to 
comprehensive lifestyle intervention are in-
dicated in chronic weight management for 
patients with a BMI > 30 kg/m2 or with a 
comorbidity and BMI > 27 kg/m2.

Medications are useful in the manage-
ment of patients with obesity because they 
can reinforce behavioral intentions that 
lead to lifestyle changes. Five medications 
are now approved by the FDA for chronic 
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weight management. Since treating a patient 
with obesity with one of these agents may 
improve the management of weight-related 
comorbidities and prevent others from de-
veloping, these medications should be con-
sidered for patients in which lifestyle modi-
fication does not produce the desired weight 
loss. As noted above, no patient responds to 
all treatments and, thus, rules for discontin-
uing medications are needed. As a general-
ization, the label recommendations for these 
medications advocate assessing weight loss 
response at 12 weeks and stopping the med-
ication if weight loss is not at least 4–5% 
below the starting weight. After discontinu-
ing the medication, alternative approaches 
need to be considered. Other ways of per-
sonalizing the response to therapy with ge-
netic markers may become available, but 
none is currently of important predictive 
value. Physicians could help their patients 
who struggle with overweight or obesity by 
avoiding the prescription of medications that 
promote weight gain, and, when possible, 
selecting medications that promote weight 
loss when treating diabetes, depression, 
migraine, or epilepsy. Obesity is a chronic 
disease and its management is a long-term 
proposition. With good medication manage-
ment, patients who struggle with obesity 
and its complications can achieve healthier 
weights and improvement in obesity risks 
and complications.
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Lifestyle modification, drug therapy, and 
bariatric–metabolic surgery are the three 
modalities for the treatment of obesity. In-
tensive lifestyle intervention (ILI) and drug 
therapy are relatively low risk, but their 
weight loss efficacy is modest, especially in 
patients with severe obesity (Heymsfield & 
Wadden, 2017). Although surgery involves 
greater risk, it produces a greater magni-
tude and durability of weight loss and cor-
responding improvement in comorbidity and 
long-term survival. This chapter provides a 
comprehensive review of the surgical treat-
ment of obesity.

The surgical treatment of severe obesity, 
historically referred to as bariatric surgery 
(derived from the Greek word barrios, for 
weight), originated in the 1950s with jeju-
noileal bypass (JIB) procedures that have 
become obsolete due to severe long-term 
metabolic and nutritional complications 
(Hocking, Duerson, O’Leary, & Wood-
ward, 1983). Many other gastrointestinal 
(GI) weight loss operations have evolved 
since that time (with varying degrees of suc-
cess), leading to the emergence of the com-
monly performed procedures of today (see 
Figure 22.1). Fundamental advances in bar-
iatric–metabolic surgery occurred in the last 
two decades with the introduction of new, 

less invasive laparoscopic procedures, along 
with outcome studies demonstrating reli-
able, long-term weight loss and comorbidity 
improvement.

Classification of Bariatric–
Metabolic Surgery

Bariatric and metabolic procedures have tra-
ditionally been classified as restrictive, mal-
absorptive, or both (Table 22.1), based on 
presumed mechanisms of weight loss. This 
classification system, though commonly 
used, may be an oversimplification of weight 
loss mechanisms based on recent studies 
pointing to neurohormonal mechanisms. 
Nevertheless, restrictive procedures reduce 
the gastric luminal diameter, and malab-
sorptive procedures divert nutrient flow 
and reduce the absorptive surface of the GI 
tract. These GI procedures have resulted in 
the resolution of obesity-related comorbidi-
ties through weight loss, neuroendocrine, 
or hormonal mechanisms. Thus, the term 
bariatric surgery is now frequently replaced 
with metabolic surgery. The mechanisms 
of bariatric–metabolic surgery are yet to be 
determined. Alteration of the GI tract by re-
ducing stomach capacity and absorption in 
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the small intestine appears to alter satiety, 
calorie absorption, neuroendocrine path-
ways, and the gut microbiome, leading to 
weight loss and resolution of type 2 diabetes 
(T2D) and other comorbidities (Batterham 
& Cummings, 2016).

As noted, Figure 22.1 shows the com-
mon operations currently performed. Some 
procedures have been modified over time, 
and others have become obsolete. Single-
anastomosis modifications of the Roux-en-Y 
gastric bypass (RYGB) (not shown), some-
times referred to as the loop gastric bypass 
or mini-gastric bypass, are popular in some 
regions (Quan et al., 2015). Similarly, single-
anastomosis modifications of the duodenal 
switch (DS) have emerged, but have shown 
limited long-term outcomes (Sánchez- 
Pernaute et al., 2015). Gastric plication (GP) 
has emerged as a new restrictive procedure 
in recent years, but its long-term results have 
yet to be verified (Talebpour, Motamedi, 
Talebpour, & Vahidi, 2012; Brethauer, Har-

ris, Kroh, & Schauer, 2011). JIB and verti-
cal banded gastroplasty (VBG) have fallen 
out of favor because of significant long-term 
complications and suboptimal long-term re-
sults (Schirmer & Schauer, 2010).

While pure restrictive procedures are 
virtually all performed through the mini-
mally invasive approach, either the laparo-
scopic or the open approach may be used 
for more complex diversionary procedures, 
including RYGB and biliopancreatic diver-
sion (BPD). It has been shown that the lapa-
roscopic approach is associated with fewer 
postoperative complications than the open 
approach, most notably the risk of wound 
infection and incisional hernia (Schirmer 
& Schauer, 2010; Reoch et al., 2011). The 
open approach is generally reserved for revi-
sional operations or whenever laparoscopic 
surgery cannot be performed for technical 
reasons. Today, more than 95% of all pri-
mary bariatric operations are performed 
laparoscopically.

BPD with Duodenal
Switch (BPD-DS)

FIGURE 22.1. Bariatric operation performed in clinical practice. Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography. Copyright © 2005–2017. All rights reserved.
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Several novel procedures (e.g., duodenal–
jejunal bypass [DJB] and ileal interposition 
[II]), aimed to treat T2D and not necessar-
ily to reduce weight, have been developed in 
recent years (see Figure 22.2). Although ex-
perimental and clinical studies show promis-
ing weight-independent antidiabetic results, 
their clinical use should still be considered 
investigational (Rubino et al., 2010).

A remarkable increase in the utilization 
of bariatric–metabolic surgery (> 135%) has 
occurred in the last two decades, with the 
realization of the relative ineffectiveness of 
conventional weight loss therapies with se-
verely obese individuals (Eldar, Heneghan, 
Brethauer, & Schauer, 2011b). In the United 
States, an estimated total of 196,000 bar-
iatric procedures were performed in 2015. 
Sleeve gastrectomy (SG) has recently be-
come the most common procedure (53.8%), 
followed by RYGB (23.1%), adjustable gas-
tric banding (AGB; 5.7%), BPD with or 
without duodenal switch (BPD-DS; 0.6%), 
and surgical revision or other procedures 
(16.8%) (Ponce et al., 2016). SG and RYGB 
together are the most popular procedures 
(77%), whereas AGB has declined in use 
due to poor long-term results. BPD is the 
least frequently performed procedure, most 
likely due to the significant risk of severe 
nutritional deficiencies (3–18%; Scopinaro, 
2012; Sethi et al., 2016). In some countries, 
SG is even more common (> 70%); the es-
timated worldwide utilization of bariatric–

TABLE 22.1. Classification of Bariatric–
Metabolic Procedures
Restrictive (satiety enhancing)

Adjustable gastric banding (AGB)
Sleeve gastrectomy (SG)
Gastric plication (GP)
Vertical banded gastroplasty (VBG)a

Malabsorptive
Biliopancreatic diversion (BPD)b

Jejunoileal bypass (JIB)a

Combined restrictive and malabsorptive
Roux-en-Y gastric bypass (RYGB)b

BPD with duodenal switch (BPD-DS)b

Experimental metabolic operationsc

Duodenal–jejunal bypass (DJB)
Ileal interposition (II)

Note. From Aminian and Schauer (2014). Surgical proce-
dures in the treatment of obesity and its comorbidities. In 
G. A. Bray & C. Bouchard (Ed.), Handbook of obesity: 
Vol. 2. Clinical applications (4th ed., pp. 365–383). Boca 
Raton, FL: CRC Press. Reprinted with permission from 
Taylor & Francis.
aNow offered infrequently and of historic interest only.
bDiversionary procedures that are performed through 
laparoscopic or open approach.
cProduce metabolic effects without significant weight loss; 
for use in experimental setting only at this time.

FIGURE 22.2. Novel experimental metabolic procedures. Reprinted with permission, Cleveland Clinic 
Center for Medical Art & Photography. Copyright © 2005–2017. All rights reserved.



370 TreaTmenT of obesiTy in adulTs

metabolic surgery was 468,609 procedures 
performed in 2013 (Angrisani et al., 2015). 
Despite this growth, fewer than 2% of eli-
gible patients are estimated to undergo sur-
gical treatment for severe obesity.

Anatomic Description 
of Surgical Procedures
AGB
AGB uses a restrictive mechanism for weight 
loss by placing an inflatable silicone band 
just below the gastroesophageal junction, 
creating a small gastric pouch and a narrow 
stoma (Figure 22.1). The band is attached to 
a subcutaneous port that allows adjustment 
of the band’s tightness. Saline is injected into 
the port usually beginning 1 month after 
surgery. Frequent follow-up is essential after 
the AGB operation to achieve the optimal 
band tightness for each patient.

SG
Sleeve gastrectomy (SG) was originally in-
tended to be the initial procedure for very 
high-risk, super-obese patients who ulti-
mately would have BPD-DS or RYGB sur-
gery. The intent of this first stage was to per-
form a relatively safe and simple procedure 
in patients who could not tolerate a complex 
procedure due to comorbidities or anatom-
ic limitations. After very good weight loss 
results were reported with SG, it rapidly 
gained popularity as a stand-alone bariat-
ric operation. Currently, SG is recognized 
as a standard weight loss operation. In this 
procedure, a linear cutting stapler is used to 
make a narrow gastric tube along the lesser 
curvature of the stomach (Figure 22.1). The 
remaining 75–80% of the gastric body and 
fundus are removed.

GP
GP is a newer procedure in the treatment of 
morbid obesity. It appears to produce results 
that are similar to those of SG with poten-
tially fewer complications. Without gastric 
resection, the greater curve of the stomach 
is invaginated with suturing to create a tu-
bular stomach. In GP, the stomach is not cut 

or crushed by staplers, no anastomoses are 
made, and no foreign body is used. Similar 
weight loss compared to other restrictive 
procedures, lower chance of GI leak and 
bleeding due to elimination of stapling and 
resection, reversibility, and lower cost are 
among the potential advantages of GP. The 
true role of GP as a weight loss procedure 
awaits clarification with long-term data 
(Talebpour et al., 2012; Brethauer, Harris, 
et al., 2011).

RYGB
RYGB was the most widely performed 
bariatric surgery in the United States until 
recently being overtaken by SG. In laparo-
scopic RYGB, which is the most common 
approach, the jejunum is divided approxi-
mately 50 cm from the ligament of Treitz, 
and the proximal end of the jejunum is anas-
tomosed to the distal part of the jejunum at 
150 cm below the site of transection (jeju-
nojejunostomy). The resultant 150-cm Roux 
limb of proximal jejunum is brought up and 
anastomosed to the small proximal gastric 
pouch (15–30 ml).

BPD and BPD‑DS
In BPD, a horizontal partial gastrectomy 
(resection of the distal half to two-thirds 
of the stomach) is performed. Then the ter-
minal ileum is divided 250 cm proximal to 
the ileocecal valve. The distal end of that 
divided ileum (alimentary Roux limb) is 
anastomosed to the stomach (gastroileos-
tomy). The proximal end of the ileum (bilio-
pancreatic limb) is then anastomosed to the 
terminal ileum approximately 50–100 cm 
proximal to the ileocecal valve to create a 
small common channel. Prophylactic chole-
cystectomy is performed due to the high in-
cidence of gallstone formation following the 
malabsorption of bile salts. High incidence 
of marginal ulcers at gastroileal anastomo-
sis after BPD led to a modification of the 
original technique. The modified procedure, 
BPD-DS, differs from BPD only in the gas-
tric portion of the operation. In the BPD-DS 
variant, instead of horizontal gastrectomy, 
a narrow sleeve gastrectomy is performed 
and the pylorus is preserved. After division 
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of the duodenum, the Roux alimentary limb 
is anastomosed to the first portion of the 
duodenum after the pylorus (duodenoileos-
tomy), and the distal duodenal end is closed. 
A short common channel is created by con-
necting the biliopancreatic limb to the ali-
mentary limb 50–100 cm from the ileocecal 
valve.

Indications for  
Bariatric–Metabolic Surgery

Historically, indications for bariatric–meta-
bolic surgery have been based on the Na-
tional Institutes of Health (NIH; 1991) 
Consensus Conference, which developed 
guidelines based strictly on BMI and the 
presence or absence of comorbidity. Accord-
ing to the NIH guidelines, patients are eli-
gible for bariatric–metabolic surgery if they 
have a BMI ≥ 40 kg/m2, or if their BMI is ≥ 
35 kg/m2 with comorbidity, and they do not 
have medical or psychological contraindica-
tions (Table 22.2). More recent evidence-
based guidelines (2013) endorsed by the 
American Heart Association, the American 
College of Cardiology, and the Obesity Soci-
ety, advocate very similar criteria for surgery 
(Jensen et al., 2014). The Edmonton obesity 
staging system (stages 0–4) proposed by 

Sharma and Kushner (2009) has gained in-
ternational recognition as an obesity staging 
system that emphasizes disease severity and 
deemphasizes BMI, which is often a poor 
indicator of disease burden. Some countries 
and third-party payers have adopted the 
Edmonton approach and reserve bariatric–
metabolic surgery for advanced stages of 
obesity (stages 2–4) regardless of BMI (Gill, 
Karmali, & Sharma, 2011). Until recently, 
guidelines for bariatric–metabolic surgery 
have generally excluded patients with BMI < 
35 kg/m2 due to inadequate evidence for the 
efficacy of surgery in these patients. How-
ever, the Second Diabetes Surgery Summit 
(DSS-II) guidelines, endorsed by more than 
50 international medical societies, includ-
ing the American Diabetes Association and 
the International Diabetes Federation, rec-
ommend that bariatric–metabolic surgery 
be considered for patients with T2D and a 
BMI of 30–34 kg/m2 (BMI of 27.5 kg/m2 for 
people of Asian ancestry) who are not well 
controlled with lifestyle modification and/or 
drug therapy (Rubino et al., 2016). Age per 
se is not a limiting factor. Carefully selected 
elderly and adolescent patients can benefit 
significantly from bariatric–metabolic sur-
gery (Buchwald & Consensus Conference 
Panel, 2005; Brethauer, Chand, & Schauer, 
2006).

TABLE 22.2. Indications and Contraindications of Bariatric–Metabolic Surgery

Indications •• BMI ≥ 40 kg/m2 with or without comorbid medical conditions associated 
with obesity.

•• BMI 35–39 kg/m2 with comorbid medical conditions.
•• Patients must be psychiatrically stable.

Bariatric–metabolic 
surgery recommended

•• Patients with T2D and patients with class 3 obesity (BMI ≥ 40 kg/m2), 
regardless of glycemic control or complexity of glucose lowering regimes.

•• Patients with T2D and patients with class 2 obesity (BMI 35–39.9 kg/m2) 
with inadequate glycemic control, despite lifestyle and optimal medical 
treatment (either oral or injectable medications, including insulin).

Bariatric–metabolic 
surgery should be 
considered

•• Patients with T2D and patients with class 1 obesity (BMI 30–34.9 kg/m2) 
with inadequate glycemic control, despite optimal medical treatment (either 
oral or injectable medications, including insulin).

Relative contraindication 
for bariatric–metabolic 
surgery

•• Incompetent mentally to understand procedure.
•• Inability or unwillingness to change lifestyle postoperatively.
•• Uncontrolled substance abuse.
•• Psychologically unstable.



372 treAtMent of obesIty In AduLts

Perioperative Management

A multidisciplinary approach to preop-
erative and postoperative management has 
been broadly adopted in order to optimize 
outcomes. The multidisciplinary team con-
sists of the bariatric surgeon, obesity medi-
cine specialist, psychologist, and dietitian. 
Obesity medicine has recently emerged as 
a board certified specialty (see Kushner & 
Kahan, Chapter 24, this volume). Other spe-
cialists, who may include the endocrinolo-
gist, cardiologist, anesthetist, pulmonolo-
gist, and sleep physician, play an important 
role in patient care, as do the family and so-
cial supports.

The perioperative management for bar-
iatric patients is outlined in Tables 22.3, 
22.4, and 22.5, based on the updated clini-
cal practice guidelines in perioperative nutri-
tional, metabolic, and nonsurgical support 
of bariatric surgery patients by the Ameri-
can Association of Clinical Endocrinologists 
(AACE), The Obesity Society (TOS), and the 
American Society for Metabolic and Bar-
iatric Surgery (ASMBS; Mechanick et al., 
2013).

Although success with diet and exercise 
alone is very limited for severely obese in-
dividuals, all patients are encouraged to 
attempt this safest method of weight loss 
prior to undertaking any surgical interven-
tion. In this way, patients with severe obe-
sity practice the lifestyle changes that are 
the key to long-term success after any bar-
iatric operation. Moreover, some surgeons 
instruct patients to follow a low-calorie diet 
in the immediate preoperative period (e.g., 
800–1,200 calories/day for 2 weeks prior to 
surgery) to reduce liver volume and improve 
operative exposure. In addition, some data 
indicate that preoperative weight loss may 
be associated with better outcomes (Schirm-
er & Schauer, 2010). Weeks and sometimes 
months are needed for a careful preopera-
tive evaluation and optimization of bariatric 
surgical candidates (Table 22.3). A multidis-
ciplinary team approach is essential for both 
preoperative and postoperative care of these 
patients.

Careful nutritional, medical, and psycho-
logical assessments are essential steps in the 
preparation of patients for surgery. Cardiac 
evaluation for patients over age 50 or for 

those with known cardiovascular disease 
is necessary. Pulmonary evaluation is indi-
cated for patients with asthma, hypoventila-
tion syndrome, or pulmonary hypertension. 
In patients with symptoms suggestive of ob-
structive sleep apnea (OSA), including a his-
tory of loud snoring, tiredness, and falling 
asleep easily, a sleep study is indicated prior 
to surgery for diagnosis. Initiation of treat-
ment with continuous positive airway pres-
sure (CPAP) is recommended for patients 
with OSA to reduce postoperative complica-
tions such as severe hypoxia and dysrhyth-
mia. A preoperative screening upper gas-
trointestinal (UGI) endoscopy is indicated 
in patients with a history of UGI diseases, 
including gastroesophageal reflux disease 
(GERD), to rule out internal pathologies 
such as Barrett’s esophagus. This evaluation 
is especially important for patients planning 
to undergo RYGB, with which the distal 
stomach and duodenum will not be easily 
accessible after operation. Baseline routine 
blood tests; renal, liver, and thyroid func-
tion tests; and arterial blood gas analysis are 
indicated, as shown in Table 22.3. Before 
surgery, a preoperative visit from the anes-
thesiologist for assessment of airway issues 
and comorbid medical problems is also ad-
vised for all patients undergoing bariatric 
surgery (Schirmer & Schauer, 2010; Eldar et 
al., 2011b).

Early postoperative care emphasizes pre-
vention and management of complications 
commonly occurring in the first month after 
surgery (Table 22.4). Nausea, vomiting, and 
dehydration are the most common early side 
effects and are usually self-limited but can 
lead to serious conditions that may require 
hospitalization for rehydration or treat-
ment of deficiencies. Acute thiamine defi-
ciency (Wernicke encephalopathy) caused 
by vomiting is the most feared deficiency. It 
may result in permanent neurological defi-
cit unless promptly treated with thiamine. 
Patients should begin vitamin supplementa-
tion within a week of surgery and start an 
exercise program when recovered from sur-
gery. Long-term follow-up care is outlined 
in Table 22.5. Prophylactic ursodiol taken 
daily in divided doses of at least 300 mg for 
the first 6 months after surgery has been 
shown to decrease the incidence of gallstone 
formation (Mechanick et al., 2013). Pro-
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TABLE 22.3. Perioperative Care

Complete history and 
physical examination

•• Causes for obesity, related comorbidities and their treatment, diet history, 
weight loss history and commitment to lose weight, weight, height, and BMI.

Blood investigations •• Fasting blood glucose and lipid panel, renal function, liver profile, lipid 
profile, prothrombin time/international normalized ratio (INR), blood type, 
complete blood count.

Nutritional assessment •• Appropriate clinical nutritional evaluation, nutrient screening with iron 
studies, B12, and folic acid and 25-vitamin D levels.

•• Optional screening: red blood cell (RBC) folate, homocysteine, 
methylmalonic acid, vitamins A and E.

•• Consider more extensive testing in patients undergoing malabsorptive 
procedures based on ASMBS guidelines.

Cardiopulmonary 
assessment

•• Chest X-ray (CXR), electrocardiogram (ECG), sleep apnea screening (± 
confirmatory polysomnography).

•• In patients with cardiac disease or pulmonary hypertension: 
echocardiogram.

•• In patients with intrinsic lung disease or disordered sleep patterns: arterial 
blood gas (ABG), formal pulmonary evaluation.

•• In patients with risk of venous thromboembolism (VTE): deep vein 
thrombosis (DVT) evaluation.

Endocrine assessment •• Prediabetic or diabetic: HbA1C level; optimization of glycemic control 
(including HbA1C ≤ 7%, fasting blood sugar ≤ 110 mg/dL, 2-hour 
postprandial blood glucose of ≤ 140 mg/dL).

•• In long-standing diabetic patients: HbA1C 7–8%.
•• Thyroid disease: thyroid-stimulating hormone (TSH) test.
•• Patients with suspected polycystic ovary syndrome (PCOS): total or 

bioavailable testosterone, dehydroepiandrosterone sulfate (DHEAS), 
D4-androstenedione.

•• Screening for Cushing’s syndrome: 1 mg overnight dexamethasone test, 
24-hour urinary-free cortisol, 11 P.M. salivary cortisol.

GI assessment (test: 
optional or if indicated)

•• Ultrasound abdomen (to rule out gallstones, liver assessment).
•• Upper endoscopy for history of upper gastrointestinal (UGI) disease.
•• H. pylori screening in high-prevalence areas.

Psychosocial–behavioral 
assessment

•• Evaluation of environmental, familial, and behavioral factors.
•• In patients with suspected psychiatric illness or substance abuse: formal 

mental health evaluation.

Informed consent for 
surgery

•• Written documentation of patient education and understanding of risks and 
benefits of surgery.

Preoperative weight 
loss (desirable but not 
mandatory)

•• Rationale: reduce intraoperative and postoperative complications. Goal: 
5–10% weight loss.

Counseling •• Childbearing women: pregnancy and contraception.
•• Smokers: stop smoking at least 6 weeks prior to surgery.
•• Long-term dietary and vitamin adherence and monitoring.

Cancer screening •• Verified by primary care physician.
•• Screening for breast, colorectal, endometrium, cervical, and prostate cancers.
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TABLE 22.4. Early Postoperative Care
Cardiopulmonary 
care

•• High risk of myocardial infarction (MI): at least 24-hour telemetry monitoring.
•• Pulmonary toilet, incentive spirometry.
•• Early CPAP if required.
•• DVT prophylaxis; encourage ambulation.
•• If unstable: consider leak or pulmonary embolism (PE).

Hydration •• Maintain adequate hydration (usually 1.5 liter/day, oral administration).

Healthy eating 
education

•• Protocol-derived stage meal progression by registered dietitian.

Monitoring •• Bleeding, leak, severe nausea, vomiting, dehydration, stricture, bowel obstruction, 
DVT/PE, hypoglycemia, hyperglycemia, wound infection, pneumonia, acute 
thiamine deficiency (Wernike’s encephalopathy).

Pressure sore 
prevention

•• Early ambulation.
•• Adequate padding at pressure points.
•• For suspected rhabdomyolysis: check for creatine kinase level.

Supplemental 
vitamins and 
nutrients

•• One or two adult multivitamin–mineral supplements containing iron, 1,200–1,500 
mg/day of calcium, and a vitamin B-complex preparation.

•• Protein 60–80 g/day.

Note. Adapted from Hanipah and Schauer (2017). Surgical treatment of obesity and diabetes. Gastrointestinal Endoscopy 
Clinics of North America, 27(2), 191–211. Copyright © 2017 Elsevier. Adapted with permission.

TABLE 22.5. Follow‑Up Care

Follow-up visit •• 1, 3, 6, and 12 months, then annually.
•• Patients with gastric banding require more frequent visits for band 

adjustments.

Monitoring •• Weight loss trend.
•• Nutritional assessment.
•• Psychological assessment (if support group needed).
•• Evidence of postoperative complications.
•• Physical activity (average 150 minutes of aerobic activity/week).

Evaluation and 
medication adjustment

•• Need for antihypertensive, anti-diabetic, and lipid medications.

Substances/habits to 
avoid

•• Nonsteroidal anti-inflammatory drugs.
•• Smoking.

Prophylactic 
medication

•• Gout as needed.
•• Gallstones: ursodial 600 mg/day for 6 months.
•• Marginal ulcers: antisecretory agent for 6 months.

Investigations to be 
monitored

•• Complete blood count (CBC)/platelet, serum chemistry, and lipid profile every 
6–12 months.

•• Thiamine evaluation for signs of thiamine deficiency.
•• 24-hour urinary calcium excretion at 6 months and then annually.
•• B12 (annually; then 3–6 months if supplemented).
•• Bone density scan at 2 years.
•• In malabsorptive surgery: folic acid, iron studies, 25-vitamin D, iPTH, vitamin 

A (initially and 6–12 months thereafter), copper, zinc, and selenium evaluation 
with specific findings.
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phylatic use of an antisecretory agent for 
6 months may prevent marginal ulceration 
after gastric bypass.

Complications

The morbidity and mortality rates associ-
ated with bariatric–metabolic surgery are 
generally comparable to morbidity and 
mortality rates for other major abdominal 
operations such as cholecystectomy, appen-
dectomy, and hysterectomy. Surgical com-
plications are dependent on several factors: 
(1) the skill and the stage in the learning 
curve of the bariatric surgeon; (2) the type 
of surgical approach (open vs. laparoscopic) 
and procedure performed (lower risk for re-
strictive procedures); and (3) the presence of 
significant comorbidities, such as systemic 
hypertension, OSA, pulmonary hyperten-
sion, ischemic heart disease, or history of 
deep vein thrombosis (DVT). Certainly, 
the best preventive measure is good opera-
tive technique and wise perioperative selec-
tion. When complications do occur, the best 
outcomes result from early diagnosis and 
prompt treatment.

The complications after bariatric–meta-
bolic surgery can be divided into procedure-
independent complications (Table 22.6), 

which can occur after any type of weight 
loss surgery, or procedure-specific complica-
tions (Table 22.7; Moustarah, Brethauer, & 
Schauer, 2010; Brethauer et al., 2006). Four 
main complications that need emergent as-
sessment and management are described in 
the following sections. Keys to the recog-
nition and management of other complica-
tions are outlined in Table 22.8 (Moustarah 
et al., 2010; Al Harakeh, 2011).

Bariatric–Metabolic  
Surgery Emergencies

Recognition and diagnosis of emergencies 
after bariatric–metabolic surgery can be 
challenging. Severely obese patients may not 
present with typical signs and symptoms, so 
a high index of suspicion is warranted. In 
addition, these patients usually do not have 
enough physiological reserve to adequately 
tolerate complications, intensifying the ne-
cessity of rapid emergency care. It is general-
ly recommended that patients or caretakers 
contact a bariatric surgeon, preferably the 
one who performed the operation, to handle 
bariatric–metabolic surgical emergencies. If 
the bariatric surgeon is not available, a gen-
eral surgeon should be involved in the emer-
gent care of bariatric patients.

TABLE 22.6. Procedure‑Independent Complications of Bariatric Surgery

Early complications Late complications

•• Surgical site infection (superficial, deep).
•• Bleeding (GI, intraperitoneal).
•• Pulmonary complications (airway obstruction, atelectasis, pneumonia, 

pneumothorax, respiratory failure).
•• DVT and pulmonary embolism.
•• Nausea and vomiting, food intolerance, dehydration.
•• Prolonged ileus.
•• Intestinal obstruction (due to intraluminal clot, adhesion, abdominal wall 

hernia).
•• Cardiac arrhythmia (induced by hypoxia).
•• Myocardial infarction.
•• Dehiscence and evisceration (open surgery only).
•• Rhabdomyolysis (due to pressure necrosis of the gluteal muscles), acute 

tubular necrosis.
•• Pancreatitis.
•• Sepsis and multiple organ failure.

•• Intractable nausea 
and vomiting, food 
intolerance, dehydration.

•• Intestinal obstruction 
(due to adhesion, 
abdominal wall hernia).

•• Incisional hernia.
•• Weight loss failure.
•• Weight regain.
•• Nutritional deficiencies.
•• Hypoglycemia.

Note. From Aminian and Schauer (2014). Surgical procedures in the treatment of obesity and its comorbidities. In G. A. 
Bray & C. Bouchard (Ed.), Handbook of obesity: Vol. 2. Clinical applications (4th ed., pp. 365–383). Boca Raton, FL: 
CRC Press. Reprinted with permission from Taylor & Francis.
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Bleeding
Postoperative bleeding is classified as GI 
bleeding and intraperitoneal bleeding. Signs 
and symptoms of acute bleeding include he-
matemesis, rectal bleeding, melena, blood 
in drains, tachycardia, hypotension, pallor, 
fainting, and drowsiness. Hemoperitoneum 
usually occurs in the initial 48 hours after 
surgery. The possible sources of intraperito-
neal bleeding include staple lines, iatrogenic 

injury (e.g., spleen), and trocar sites (Bal, 
Koch, Finelli, & Sar, 2010). Hematemasis 
often suggests bleeding from the gastrojeju-
nal anastomosis. Lower GI bleeding poten-
tially indicates bleeding from the staple line 
of the gastric remnant, gastrojejunostomy, 
or jejunojejunostomy. Marginal ulceration 
at the gastrojejunostomy can also cause GI 
bleeding, usually within 48 hours of surgery. 
These ulcers are consequent to exposure of 

TABLE 22.7. Procedure‑Specific Complications of Bariatric Surgery

Procedure Early complications Late complications

AGB •• Gastroesophageal reflux.
•• Band misplacement.
•• Band slippage.
•• GI leak (generalized 

peritonitis, abscess, 
fistula formation).

•• Gastroesophageal reflux.
•• Pouch enlargement, esophageal dilation.
•• Gastric prolapse.
•• Band slippage.
•• Mechanical port and tubing complications.
•• Band erosion into the stomach.
•• Necessity for multiple adjustments.
•• Gallstones.

SG, GP •• GI leak (generalized 
peritonitis, abscess, 
fistula formation).

•• Gastric obstruction.
•• Gastroesophageal reflux.

•• Gastroesophageal reflux.
•• Gastric dilation.
•• Gallstones.
•• Nutritional deficiencies (calcium, vitamins D and B12).
•• Iron deficiency anemia.

RYGB •• GI leak (generalized 
peritonitis, abscess, 
fistula formation).

•• Acute distal gastric 
dilatation and rupture.

•• Roux limb obstruction.

•• Stomal stenosis (at gastrojejunostomy).
•• Marginal ulcer (at gastrojejunostomy).
•• Dumping syndrome.
•• Internal hernia.
•• Staple line disruption and gastrogastric fistula.
•• Stomal dilation.
•• Gallstones.
•• Nutritional deficiencies (calcium, iron, vitamins D and B12).
•• Iron deficiency anemia.

BPD, 
BPD-DS

•• GI leak (generalized 
peritonitis, abscess, 
fistula formation).

•• Roux limb obstruction.

•• Diarrhea and flatulence.
•• Marginal ulcer (after BPD).
•• Dumping syndrome (after BPD).
•• Internal hernia.
•• Electrolyte abnormalities.
•• Liver failure.
•• Gallstones.
•• Renal stone.
•• Nutritional deficiencies (calcium, iron, vitamins D and B12).
•• Iron deficiency anemia.
•• Protein-calorie malnutrition.
•• Hypocalcemia, osteoporosis.
•• Night blindness—vitamin A deficiency.

Note. From Aminian and Schauer (2014). Surgical procedures in the treatment of obesity and its comorbidities. In G. A. 
Bray & C. Bouchard (Ed.), Handbook of obesity: Vol. 2. Clinical applications (4th ed., pp. 365–383). Boca Raton, FL: 
CRC Press. Reprinted with permission from Taylor & Francis. AGB, adjustable gastric banding; SG, sleeve gastrectomy; 
GP, gastric plication; RYGB, Roux-en-Y gastric bypass; BPD, biliopancreatic diversion; BPD-DS, with duodenal switch.
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TABLE 22.8. Postoperative Complications of Bariatric Surgery and in the Management.

Complication Incidence Presentation Diagnostic tool Management

Wound 
infection

2% after 
laparoscopic 
vs. 7% after 
open approach

Wound swelling, 
erythema, discharge, 
pain, and fever

Wound examination Drainage ± antibiotics

Acute gastric 
remnant 
dilatation

≤ 1% after 
RYGB

Hiccups, abdominal 
bloating

Abdominal X-ray
Abdominal CT

Needle decompression,
surgical decompression

Dumping 
syndrome

50–75% after 
RYGB and 
BPD

GI symptoms 
(nausea, abdominal 
cramps, bloating, 
diarrhea) and 
vasomotor symptoms 
(facial flushing, 
lightheadedness, 
palpitations) after 
the consumption of 
carbohydrate-rich 
meals

Clinical history Dietary modification: 
consumption of foods high 
in fiber and protein instead 
of simple carbohydrates
Medications: octreotide, 
acarbose

Marginal 
ulceration

About 1–5% 
after RYGB 
and BPD

Epigastric pain (no 
relation to food), 
nausea, vomiting, 
bleeding

UGI endoscopy Medical (90% effective): 
proton pump inhibitors, 
sucralfate, H. pylori 
eradication (if present), no 
NSAIDs/smoking/alcohol.
Indications for surgery: 
development of 
gastrogastric fistula, severe 
stenosis, nonhealing ulcers

Stomal 
stenosis

3–10% after 
RYGB (at 
gastrojejunal 
anastomosis)

Vomiting, dysphagia, 
pain, mostly 6–12 
weeks postoperatively

UGI endoscopy
UGI contrast study

Endoscopic balloon 
dilation (one to two 
sessions); revisional 
surgery (< 10% of cases)

Gallstones About 
10–25% after 
RYGB

Nausea, vomiting, 
abdominal pain, 
tenderness, fever

Ultrasound Ursodiol for 6 months 
after bariatric surgery to 
reduce the incidence of 
gallstone formation to 
< 5%; cholecystectomy for 
symptomatic patients

Weight 
regain

10–25% 
between 2–5 
years after 
surgery

> 15% regain of lost 
weight, recurrence of 
comorbidities

Rule out anatomic 
abnormalities (gastric 
pouch dilation, 
wide gastrojejunal 
anastomosis, 
gastrogastric fistula): 
UGI endoscopy, 
small-bowel series, 
or diagnostic 
laparoscopy

Dietary modification 
and exercise; weight loss 
medications; endoscopic 
or endoluminal therapies; 
if unsuccessful, surgical 
revision

Note. From Aminian and Schauer (2014). Surgical procedures in the treatment of obesity and its comorbidities. In G. A. Bray 
& C. Bouchard (Ed.), Handbook of obesity: Vol. 2. Clinical applications (4th ed., pp. 365–383). Boca Raton, FL: CRC Press. 
Reprinted with permission from Taylor & Francis. CT, computed tomography; NSAID, nonsteroidal anti-inflammatory drug; 
RYGB, Roux-en-Y gastric bypass; BPD, bilipoancreatic diversion.
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the unprotected jejunal mucosa to gastric 
acidity (Bal et al., 2010).

Resuscitation with intravenous fluid (nor-
mal saline or Ringer’s lactate) and then blood 
products, as necessary, are first-line therapy. 
Close monitoring of vital signs, urine output, 
and hemoglobin level is critical. Individuals 
who are unresponsive to blood transfusion 
(i.e., persistent tachycardia, hypotension, 
or drop in hemoglobin levels) need surgical 
intervention. UGI endoscopy may facilitate 
detection and local treatment of upper GI 
bleeding in stable patients (Bal et al., 2010; 
Heneghan et al., 2012).

GI Leak
Anastomotic and staple line leaks have been 
reported to occur in 0.5–5% of bariatric 
cases and continue to be a major cause of 
surgical mortality. In the case of RYGB, 
leaks occur most frequently at the gastroje-
junal anastomosis, but can also occur from 
the staple line of the gastric pouch or by-
passed remnant, the jejunojejunostomy, or 
an unrecognized iatrogenic bowel injury. 
Leakage can occur at the gastric staple line 
in the case of SG or at the anastomotic sites 
in BPD (Brethauer et al., 2006; Moustarah 
et al., 2010).

Leaks can occur early after surgery or 
present up to 2–3 weeks postoperatively. 
The diagnosis of a leak in severely obese 
patients is challenging. Although fever, 
tachycardia, tachypnea, and abdominal 
pain are common, often the only present-
ing sign is tachycardia in the absence of 
classical peritoneal signs of guarding and 
rebound tenderness. Careful vigilance and 
a high index of suspicion are necessary for 
early diagnosis. Unexplained persistent 
and progressive tachycardia (> 120 beats 
per minute for more than 4 hours) should 
alert the surgeon or physician to the pos-
sibility of a leak, even if other findings are 
not present. Abdominal CT scan with oral 
contrast and UGI radiography with gastro-
grafin are the most useful diagnostic tools, 
but negative results do not definitively rule 
out a leak. In many cases, the presentation 
of a leak is similar to that of a pulmonary 
embolism (tachycardia, tac hypnea, hy-
poxia). Once pulmonary embolism is ruled 
out with a helical computed tomography 
(CT) scan of the chest, immediate surgi-

cal exploration may be warranted even in 
the presence of normal abdominal imaging 
studies (Schirmer & Schauer, 2010; Breth-
auer et al., 2006; Moustarah et al., 2010; 
Al  Harakeh, 2011).

GI leakage can be contained (i.e., an ab-
scess) or result in diffuse peritonitis. In se-
lected stable patients, contained leaks can 
be managed nonoperatively with adequate 
radiologic drainage, bowel rest, and antibi-
otics (Thodiyil et al., 2008). If the patient is 
not stable or the leak is not contained, sur-
gical reexploration involving copious irriga-
tion, oversewing and repair of the leak as 
feasible, wide drainage, and creation of ac-
cess for enteral feeding are advised (Schirm-
er & Schauer, 2010; Bal et al., 2010; Al Ha-
rakeh, 2011).

Pulmonary Embolism
Because all obese surgical candidates have 
an increased risk for thromboembolic com-
plications, mechanical and pharmacological 
prophylactic measures for DVT are com-
monly practiced to reduce this risk (Breth-
auer et al., 2006). Nonetheless, postopera-
tive pulmonary embolism remains a leading 
cause of mortality after bariatric–metabolic 
surgery and can occur after discharge from 
hospital. The condition can be difficult to 
diagnose, as the patients may become tachy-
cardic and/or hypotensive with clinical find-
ings similar to those indicating leak and 
sepsis. In such patients, the diagnosis of a 
pulmonary embolism and intra-abdominal 
complications (e.g., leak or strangulated 
obstruction) should be concurrently consid-
ered. Chest and abdominal CT scans should 
be performed without delay. When large 
body size precludes diagnostic CT imaging, 
surgical exploration of the abdomen may be 
warranted. If no intra-abdominal source is 
found, empiric anticoagulant therapy should 
be considered (Moustarah et al., 2010; Bal 
et al., 2010).

Small‑Bowel Obstruction
Patients may present with colicky abdominal 
pain, vomiting, abdominal distention, obsti-
pation, constipation, tachycardia, hypoten-
sion, and dehydration. The most common 
causes of small-bowel obstruction after bar-
iatric–metabolic surgery include adhesive 
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bands, internal hernia due to inadequate 
closure or nonclosure of the mesenteric de-
fects by the surgeon at the time of operation 
(specific for RYGB and BPD), narrowing at 
the anastomosis (e.g., narrowing or kinking 
of jejunojejunal anastomosis after RYGB), 
incarcerated abdominal wall hernia, and in-
traluminal blood clot (in early postoperative 
period; Moustarah et al., 2010; Al Harakeh, 
2011; Hwang, Swartz, & Felix, 2004). Ad-
equate hydration by intravenous resuscita-
tion is mandatory. Blind placement of a na-
sogastric tube should generally be avoided, 
or performed with caution, due to risk of 
perforation. In stable patients, examination 
with abdominal CT, UGI series, or both 
may be helpful in the diagnosis. If a patient 
presents with severe abdominal pain, surgi-
cal abdomen, or unstable vital signs, he or 
she should be taken directly to the operat-
ing room without any further delay (Rogula, 
Yenumula, & Schauer, 2007).

In the setting of RYGB or BPD, a small-
bowel obstruction must be managed differ-
ently from obstruction after general surgical 
procedures, which is usually caused by ad-
hesions and often will resolve with conserva-
tive, nonoperative management. Bowel ob-
struction after RYGB or BPD may be due to 
an internal hernia, which may rapidly prog-
ress to bowel strangulation and infarction, 
leading to high morbidity and mortality 
(Rogula et al., 2007; Shimizu, Maia, Kroh, 
Schauer, & Brethauer, 2013).

Perioperative Mortality
An analysis of a national database on 
13,871 bariatric procedures reported a total 
60-day mortality rate of 0.25% (Morino et 
al., 2007). The type of surgical procedure 
significantly influenced mortality risk: 0.1% 
with AGB, 0.15% with VBG, 0.54% for 
RYGB, and 0.8% with BPD. Pulmonary em-
bolism represented the most common cause 
of death (38.2%), followed by cardiac failure 
(17.6%) and intestinal leak (17.6%). Open 
surgery and caseload per center were among 
the major risk factors of mortality (Morino 
et al., 2007). In a more recent prospective 
multicenter study (Longitudinal Assessment 
of Bariatric Surgery [LABS] Consortium et 
al., 2009), the overall 30-day mortality was 
0.3% (Flum et al., 2009). Mortality rates 
following open and laparoscopic RYGB 

(LRYGB) were 2.1% and 0.2%, respective-
ly. Aminian et al. (2015) showed that the 
30-day morbidity rate after LRYGB (n = 
16,509) was 3.4%, which was comparable 
to the morbidity rates for laparoscopic cho-
lecystectomy (n = 15,306) and laparoscopic 
hysterectomy (n = 2,309) with 3.7% and 
3.5%, respectively. The 30-day mortality 
was 0.3% in the LRYGB group, which was 
similar to the mortality in the total knee ar-
throplasty group (n = 9,184).

Outcome of Bariatric–Metabolic Surgery
Weight Loss
Percentages of excess weight and BMI 
loss are used most commonly in the surgi-
cal literature (Deitel & Greenstein, 2003). 
Percentage of excess weight loss (% EWL) 
is defined as [(operative weight–follow-up 
weight)/(operative weight–ideal weight)] × 
100, and percentage of excess BMI loss (% 
EBMIL) is defined as 100–[(follow-up BMI–
25/operative BMI–25) × 100]. At this time, 
bariatric surgery is the most well-established 
and successful method of facilitating du-
rable weight loss in severely obese patients. 
Relative weight loss is shown in Table 22.9 
(Moustarah et al., 2010; Smith, Schauer, & 
Nguyen, 2011; Chikunguwo, Brethauer, & 
Schauer, 2008). Malabsorptive procedures 
produce greater and more durable weight 
loss results compared to purely restrictive 
procedures, although these results come at 
the expense of higher morbidity and nutri-
tional complications (Eldar et al., 2011a; 
Moustarah et al., 2010).

On average, at long-term follow-up, 
purely restrictive procedures are associated 
with a 45–50% EWL, RYGB with 60–65% 
EWL, and BPD with 70–75% EWL (i.e., 
BPD > RYGB > SG = GP > AGB; Brethauer 
et al., 2006). Weight reduction after AGB 
is more gradual than that after other pro-
cedures, such that maximal weight loss is 
achieved between 2 and 3 years after AGB 
versus 1 to 1.5 years after other procedures 
(Dixon, le Roux, Rubino, & Zimmet, 2012; 
Eldar et al., 2011a; Smith et al., 2011). Over-
all, approximately 1 in 10 bariatric patients 
experiences failure to achieve significant 
weight loss (defined as % EWL < 25% at 
2 years after surgery) or regains lost weight 
(defined as > 15% weight regain after 2 
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years). The etiology of failed bariatric sur-
gery and weight regain is complex and most 
likely multifactorial. Contributing factors 
include anatomical failure and poor compli-
ance with postoperative regimens. In these 
situations, dietary modification and assess-
ment of GI anatomy are imperative. Some 
types of anatomical failures are amenable 
to endoscopic corrections. Conversion to 
RYGB is the most commonly practiced in-
tervention after failed restrictive procedures 
and has been documented to achieve good 
salvage rates (Brolin & Cody, 2008; Spyro-
poulos, Kehagias, Panagiotopoulos, Mead, 
& Kalfarentzos, 2010; Kellogg, 2011).

Resolution or Improvement 
of Metabolic Comorbidities
In addition to significant weight loss effects, 
bariatric–metabolic surgical procedures are 
associated with other favorable metabolic 
outcomes, including resolution or improve-
ment of T2D, hypertension, dyslipidemia, 
metabolic syndrome, and overall survival. 
These improvements may be the result of 
weight loss or weight-loss-independent fac-
tors (Schauer et al., 2016).

T2D

Obesity is considered a major contribut-
ing factor in the pathogenesis of T2D, such 
that more than 80% of diabetic patients are 

overweight or obese. Although medical in-
terventions, including lifestyle modifications 
and pharmacotherapy, are the cornerstone 
of treatment for obesity and T2D, adequate 
glycemic control is not achieved in many 
obese patients with T2D. By contrast, bariat-
ric procedures cause amelioration, and even 
complete remission, of T2D in a substantial 
number of severely obese patients. No other 
intervention that is currently available has 
been shown to achieve complete remission of 
this progressive disease (Schauer et al., 2016; 
Rubino et al., 2016). Observational studies 
have shown remarkable improvements in 
glycemic control after surgery, as measured 
by HbA1C, with remission rates as high as 
70% (Panunzi, De Gaetano, Carnicelli, & 
Mingrone, 2015; Buchwald et al., 2009). 
Duration of diabetes and severity of diabe-
tes based on insulin use appear to be the key 
predictors of diabetes improvement and re-
mission after surgery (Schauer et al., 2003). 
The prospective, nonrandomized Swedish 
Obese Subjects (SOS) trial has shown a de-
crease in all-cause mortality, cardiovascular 
disease mortality, and microvascular com-
plications (retinopathy and nephropathy) 
in patients with T2D and obesity who had 
bariatric surgery, compared to nonoperated 
controls (Sjöström et al., 2012).

A recent review of 11 randomized con-
trolled trials (RCTs; n = 794) that compared 
bariatric–metabolic surgery with medical 
treatment showed that superior glycemic 

TABLE 22.9. Weight‑Reducing Effects of Commonly Performed Bariatric Procedures

Restrictive procedures 
(AGB, SG, GP) RYGB BPD, BPD-DS

Mean weight loss (%) at long term 20–30 25–35 30–40

Excess weight loss (%) at long term 45–50 60–65 70–75

Pattern of weight loss Gradual, maximum 
2–3 years

Rapid, maximum 
at 1–1.5 years

Rapid, 
maximum at 
1–1.5 years

Relative chance of weight regain and 
need for revision

Moderate Low Very low

Note. From Aminian and Schauer (2014). Surgical procedures in the treatment of obesity and its comorbidities. In 
G. A. Bray & C. Bouchard (Ed.), Handbook of obesity: Vol. 2. Clinical applications (4th ed., pp. 365–383). Boca 
Raton, FL: CRC Press. Reprinted with permission from Taylor & Francis. AGB, adjustable gastric banding; SG, 
sleeve gastrectomy; GP, gastric plication; RYGB, Roux-en-Y gastric bypass; BPD, biliopancreatic diversion; BPD-
DS, with duodenal switch.
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control was achieved after surgery compared 
to medical therapy, with no mortality and a 
perioperative morbidity of 5% (Schauer et 
al., 2016; Courcoulas et al., 2015; Courcou-
las et al., 2014; Cummings et al., 2016; Ding 
et al., 2015; Dixon et al., 2008; Halperin et 
al., 2014; Ikramuddin et al., 2015; Ikramud-
din et al., 2013; Liang et al., 2013; Mingrone 
et al., 2015; Mingrone et al., 2012; Parikh 
et al., 2014; Schauer et al., 2017; Schauer et 
al., 2014; Wentworth et al., 2014). Surgery 
resulted in an absolute decrease in HbA1C 
of 2–3.5% compared to a 1–1.5% decrease 
after medications only. Most of these studies 
showed the superiority of surgery in achiev-
ing secondary endpoints such as weight loss, 
remission of metabolic syndrome, reduction 
in diabetes and cardiovascular medications, 
and improvement in triglycerides, high-den-
sity lipoprotein (HDL), and quality of life. 
Results were mixed in terms of improve-
ments in blood pressure and low-density 
lipoprotein (LDL) cholesterol after surgery 
compared with medical treatment, but many 
studies did show a corresponding reduction 
in medication usage. Two long-term (i.e., 5 
years) RCTs showed superior and durable 
weight loss and glycemic control (remission) 
with RYGB, SG, and BPD compared with 
medical therapy (Mingrone et al., 2015; 
Schauer et al., 2017). In the RCTs, the most 
common predictors of diabetes remission 
included duration of diabetes, weight loss, 
requirement for insulin, and disease sta-
tus (HbA1C). None of these 11 RCTs were 
powered sufficiently to detect differences 
in macrovascular or microvascular events, 
especially at the relatively short follow-up. 
Longer follow-up or larger studies will be re-
quired to determine whether the reductions 
in mortality and microvascular events dem-
onstrated in the SOS study can be validated 
(Sjöström et al., 2012).

Strong evidence now supports bariatric–
metabolic surgery even for patients with 
class 1 obesity (BMI of 30–34 kg/m2). In a 
meta-analysis (N = 94,579) of patients un-
dergoing bariatric–metabolic surgery, the 
diabetes remission rate was nearly equal for 
patients with BMI < 35 vs. patients with BMI 
> 35 kg/m2 (72 vs. 71% respectively). Dia-
betes remission in BPD, RYGB, AGB, and 
SG was 89%, 77%, 62%, and 60%, respec-
tively (Panunzi et al., 2015). Waist circum-

ference was the only predictor of diabetes 
remission in this study, suggesting that the 
arbitrary exclusion of patients with BMI < 
35 kg/m2 is not scientifically valid. The Sur-
gical Treatment and Medications Potentially 
Eradicate Diabetes Efficiently (STAMPEDE) 
RCT study showed similar improvements in 
HbA1C among patients with a BMI of 27–34 
kg/m2 compared to patients with a BMI > 35 
kg/m2 (Schauer et al., 2017). Furthermore, 
most of the 11 RCTs comparing bariat-
ric–metabolic surgery to medical treatment 
for T2D included patients with BMI < 35  
kg/m2 (Schauer et al., 2016). Collectively, 
these studies confirmed that patients with 
class 1 obesity (BMI 30–34 kg/m2) received 
benefits from bariatric–metabolic surgery 
comparable to those of patients with severe 
obesity (BMI ≥ 35 kg/m2), and there ap-
peared to be no increased risk of excessive 
weight loss or nutritional complications in 
this lower BMI group.

Based on this level-1 evidence, guidelines 
from international diabetes organizations, 
including the American Diabetes Associa-
tion, recommend bariatric–metabolic sur-
gery as an important treatment for patients 
with T2D and obesity (Rubino et al., 2016; 
Marathe, Gao, & Close, 2017). Specifically, 
surgery is recommended for patients with 
T2D and BMI ≥ 40 kg/m2 regardless of gly-
cemic control on medications. For patients 
with a BMI of 35–39 kg/m2 and T2D, sur-
gery is recommended for those who are not in 
adequate glycemic control with medications. 
Surgery should be considered for patients 
with a BMI of 30–34 kg/m2 and T2D if they 
are not in adequate glycemic control with 
medications. This BMI threshold is lowered 
to 27.5 kg/m2 for patients of certain ethnic 
origins such as Asia (India, China) who are 
particularly prone to complications of T2D.

Hyperlipidemia

Many studies have shown consistent im-
provement of dyslipidemia following bariat-
ric–metabolic surgery. The 1990 report of 
the Program on the Surgical Control of the 
Hyperlipidemias (POSCH) described reduc-
tions in the levels of total cholesterol (23%) 
and LDL cholesterol (38%), in association 
with an increase in HDL cholesterol (4%), 
after a surgical distal ileal malabsorptive 
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procedure (Buchwald et al., 1990). In two 
meta-analyses, hyperlipidemia improved 
in 79% and 65% of patients, respectively 
(Buchwald et al., 2004; Vest, Heneghan, 
Agarwal, Schauer, & Young, 2012). How-
ever, relapse of dyslipidemia by as much as 
25% over 10 years may occur, as reported 
in the SOS study (Vest et al., 2012). In terms 
of the effects of various bariatric procedures 
on lipoproteins, RCTs reported an average 
of 20–30 mg/dL greater reduction in LDL 
levels after BPD and BPD-DS, as compared 
with RYGB. However, RYGB was the most 
effective in raising HDL levels (Schauer et 
al., 2014; Mingrone et al., 2015).

Hypertension

Bariatric–metabolic surgery has been shown 
to improve systolic and diastolic blood pres-
sure. In a study by Adams et al. (2012), re-
mission rates of hypertension at year 6 re-
mained significantly improved in the RYGB 
group compared with nonsurgical, severely 
obese control groups (42% vs. 18% and 9%). 
Two meta-analyses showed 62% improve-
ment or resolution of hypertension (Buch-
wald et al., 2004; Vest et al., 2012). The SOS 
trial showed that RYGB was associated with 
a sustained blood pressure reduction at a 
median follow-up of 10 years (Hallersund et 
al., 2012). As stated previously, more recent 
RCTs in patients with T2D have been incon-
sistent in showing relative improvements in 
blood pressure after surgery compared to 
medical treatment, but surgery consistently 
reduces antihypertensive medication re-
quirements.

Cardiovascular Disease

Beneficial effects of bariatric–metabolic sur-
gery on T2D, dyslipidemia, and hypertension 
translate into a lower risk of coronary ar-
tery disease in the surgical group (Heneghan 
et al., 2012; Brethauer, Heneghan, et al., 
2011). One meta-analysis has shown a 10-
year coronary heart disease Framingham 
Risk Score reduction from 5.9 to 3.3% fol-
lowing bariatric surgery (Vest et al., 2012). 
Multiple retrospective cohort studies have 
suggested that bariatric surgery is associated 
with reduced incidence of cardiovascular 
events (MacDonald et al., 1997; Christou 
et al., 2004; Adams et al., 2007; Arterburn 

et al., 2015). The SOS study showed that 
for both diabetic and nondiabetic patients, 
bariatric–metabolic surgery was associated 
with a reduced number of cardiovascular 
deaths (1.3 vs. 2.4%; adjusted hazard ratio 
= 0.47). The number of total first-time (fatal 
or nonfatal) cardiovascular events (myocar-
dial infarction or stroke) was also lower in 
the surgical group (9.9%) than in the control 
group (11.5%, adjusted hazard ratio = 0.67; 
Sjöström et al., 2012).

The hemodynamic, neurohumoral, and 
metabolic abnormalities characteristic of 
obesity are associated with alterations in the 
structure of the myocardium and the arte-
rial wall (i.e. remodeling), which may lead to 
ventricular dysfunction and susceptibility to 
heart failure. Restoration of insulin sensitiv-
ity and blood pressure to normal range after 
bariatric–metabolic surgery has been related 
to favorable changes in cardiac metabolism, 
structure, and function (Algahim, Sen, & 
Taegtmeyer, 2012; Poirier et al., 2011). 
Clinically significant improvements in left 
ventricular function in severely obese adults 
(Garza et al., 2010; Valezi & Machado, 
2011) and in obese patients with severe car-
diomyopathy (McCloskey et al., 2007; Ris-
tow, Rabkin, & Haeusslein, 2008; Vest et 
al., 2016) after bariatric surgery have been 
reported. One meta-analysis demonstrated 
regression of left ventricular hypertrophy 
and improved diastolic function following 
weight loss surgery (Vest et al., 2012).

Nonalcoholic Fatty Liver Disease

Nonalcoholic fatty liver disease (NAFLD) is 
associated with metabolic risk factors such 
as obesity, T2D, and dyslipidemia. The spec-
trum of NAFLD histologically ranges from 
hepatic steatosis to the more severe nonal-
coholic steatohepatitis (NASH) and fibro-
sis that can progress to cirrhosis, end-stage 
liver disease, and hepatocellular carcinoma. 
Twenty percent of patients with NASH will 
progress to cirrhosis, and no medical treat-
ment, thus far, has been shown to reduce 
progression. The prevalence of NAFLD 
and NASH in patients with severe obesity is 
estimated to be as high as 90% and 33%, 
respectively (Chalasani et al., 2012; Mum-
madi, Kasturie, Chennareddygari, & Sood, 
2008). Due to the high incidence of this dis-
ease, some experts have advocated routine 
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liver biopsy at the time of bariatric–meta-
bolic surgery (Schirmer & Schauer, 2010).

One study that prospectively correlated 
clinical data with liver histology before 
and after bariatric surgery in 381 adult pa-
tients showed a significant improvement in 
the prevalence and severity of steatosis and 
NASH at 1 and 5 years following bariatric 
surgery (Mathurin et al., 2009). Most histo-
logical benefits were evident at 1 year, with 
no differences in liver histology between 1 
and 5 years after surgery. A meta-analysis 
of 15 available studies (766 paired liver bi-
opsies) reported improvement or remission 
after bariatric surgery in steatosis (92%), 
NASH (81.3%), and fibrosis (65.5%). Taken 
together, bariatric surgery resulted in an 
improvement of histopathologic features of 
NAFLD in more than three-fourths of pa-
tients (Mummadi et al., 2008). Recognizing 
that treatment of NASH with lifestyle inter-
vention or medical therapy thus far has been 
very limited in effect, bariatric surgery ap-
pears to be the only treatment to improve or 
reverse NASH. However, due to the lack of 
RCTs, bariatric surgery has not been widely 
endorsed as a treatment for NASH (Chala-
sani et al., 2012).

Resolution or Improvement 
of Obesity‑Related Comorbidities
Bariatric–metabolic surgery is able to re-
solve or at least improve many, if not all, of 
the comorbidities associated with obesity 
(Figure 22.3).

OSA

Obesity is a major risk factor for OSA, and 
weight loss is recommended as part of the 
overall management of it in obese patients. 
The presence of OSA is associated with sig-
nificant morbidity and mortality. In the me-
ta-analysis by Buchwald et al. (2004), over 
80% of patients experienced improvement 
in OSA after bariatric surgery. An RCT 
comparing conventional weight loss thera-
py versus AGB for OSA showed significant 
improvement in symptoms and polysom-
nographic indices after both interventions 
(Dixon, Schachter, et al., 2012). Another 
RCT showed that patients with severe obe-
sity who underwent bariatric–metabolic 
surgery had significant reductions in neck 

and waist circumference and increases in 
maximum ventilatory pressures at 3 months 
postsurgery as compared to the control 
group. These improvements enhance sleep 
architecture and reduce OSA (Aguiar et al., 
2014). The effect of weight loss on OSA indi-
cated in various studies suggests that weight 
loss should be a key arm of OSA treatment 
(Greenburg, Lettieri, & Eliasson, 2009; 
Dixon, Schachter, et al., 2012).

GERD

Since the prevalence of GERD is markedly 
higher in obese populations as compared to 
those with normal BMI, GERD is now rec-
ognized as one of the obesity-related comor-
bidities. The outcomes of anti-reflux sur-
gery (e.g., fundoplication) in severely obese 
patients are not as good as the outcomes in 
patients who are not obese. Gastric bypass 
is approximately 90% effective in eliminat-
ing GERD, which is thought to be related 
to the relatively low acid production by the 
small-volume gastric pouch, reduction of 
esophageal bile reflux by use of a roux limb, 
and weight loss (Madalosso et al., 2016; El-
Hadi, Birch, Gill, & Karmali, 2014). High-
er rate of GERD resolution after RYGB as 
compared with BPD-DS, despite the greater 
weight loss produced by the latter procedure, 
indicates the importance of the small gastric 
pouch. Patients generally show no improve-
ment or worsening in GERD following AGB, 
SG, and GP, so these procedures are not rec-
ommended in patients with severe GERD 
(El-Hadi et al., 2014). Therefore, when sur-
gical treatment of GERD is indicated in a 
severely obese patient, RYGB (rather than a 
fundoplication) should be strongly consid-
ered (Prachand & Alverdy, 2010; Schauer, 
Hamad, & Ikramuddin, 2001).

Other Comorbidities

Salutary effects have been reported of bar-
iatric surgery on a long list of comorbid 
conditions, including asthma, stress urinary 
incontinence, polycystic ovarian syndrome, 
infertility, musculoskeletal problems (espe-
cially degenerative joint disease and low-
back pain), varicose veins, lymphedema, 
migraine headaches, pseudotumor cerebri, 
and depression (Schirmer & Schauer, 2010; 
Brethauer et al., 2006). The overall out-
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comes of bariatric-metabolic surgery are 
summarized in Figure 22.3.

From Treatment to Prevention 
of Comorbidities

In addition to effects in reversing or improv-
ing comorbidities, bariatric surgery can be 
reasonably presumed to prevent the devel-
opment of the conditions explained earlier. 

Specifically, the protective effects of bariat-
ric surgery on T2D, cancer, and mortality 
have been well studied and are discussed in 
the following sections.

T2D
Bariatric–metabolic surgery is not only an 
effective therapeutic intervention for T2D, 
but it also prevents the development of dia-
betes in the severely obese. A report from the 

FIGURE 22.3. Impact of bariatric surgery on obesity-related comorbidities. Reprinted with permis-
sion, Cleveland Clinic Center for Medical Art & Photography. Copyright © 2005–2017. All rights 
reserved.
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SOS study compared the incidence of T2D in 
1,658 patients who underwent bariatric sur-
gery and in 1,771 obese matched controls, 
none of whom had T2D at baseline. During 
the follow-up period of 15 years, bariatric 
surgery, as compared with standard medical 
care, reduced the incidence of T2D by 78%; 
diabetes did not develop in approximately 10 
of 13 obese patients who underwent bariat-
ric surgery (Carlsson et al., 2012). Similarly, 
in the study by Adams et al. (2012), T2D 
incidence during a 6-year period was sig-
nificantly lower in the RYGB surgery group 
than in the two nonsurgical severely obese 
control groups (2% vs. 17% and 15%). In 
addition, the incidence of hypertension and 
dyslipidemia was also lower in the surgical 
group. Although lifestyle modification and/
or pharmacotherapy have also been shown to 
prevent T2D, bariatric surgery generally ap-
pears to result in a greater reduction in T2D 
incidence, especially in severely obese pa-
tients (Knowler et al., 2005; Sjöström, 2013).

Cancer
Obesity is an established risk factor for the 
development of a long list of cancers, includ-
ing, but not limited to, endometrial can-
cer, postmenopausal female breast cancer, 
colorectal cancer, renal cell carcinoma, and 
esophageal adenocarcinoma. Metabolic and 
endocrine changes are involved in the in-
creased cancer risk with obesity. Chronic in-
flammation and associated oxidative stress, 
increased sex-steroid hormones (estrogens 
and testosterone), and hyperinsulinemia 
have been implicated in cancer development 
(Ashrafian et al., 2011).

Bariatric surgical patients have lower rates 
of cancer incidence and mortality than obese 
patients who have not undergone surgery 
(Ashrafian et al., 2011). Christou and col-
leagues reported an 82% decrease in breast 
cancer incidence and a 76% decrease in can-
cer incidence overall at a maximum follow-
up of 5 years (Christou, Lieberman, Sam-
palis, & Sampalis, 2008). During a mean 
follow-up of 7.1 years after RYGB, Adams 
and colleagues showed that, whereas all-
cause mortality was reduced by 40% in the 
surgical group compared with severely obese 
controls, the reduction in cancer-related 
deaths was 60% for the surgical group com-

pared with the control group (Adams et al., 
2007; Adams & Hunt, 2009). In their next 
report, when the follow-up was increased to 
a mean of 12.5 years, the cancer mortality 
was 46% lower in the RYGB group, and was 
accompanied by a 24% decrease in overall 
cancer incidence. Of the specific cancers, the 
incidence of uterine cancer was significantly 
lower among surgical patients than severely 
obese control subjects (Adams et al., 2009). 
These findings are in line with the results 
of the SOS trial, which reported a 30% re-
duction in cancer incidence after bariatric 
surgery, mostly for women (Sjöström et al., 
2009). Studies have shown that the cancer-
protective role of bariatric surgery is stron-
gest for female obesity-related tumors (i.e., 
breast and endometrial cancer; Ashrafian et 
al., 2011).

Long‑Term Mortality
Observational studies evaluating long-term 
mortality after bariatric surgery consistently 
show a survival benefit for surgery patients 
when compared with nonsurgical obese con-
trols. Patients treated by bariatric surgery, as 
compared with nonoperated cohorts, have 
experienced significantly greater reductions 
in long-term mortality, although the magni-
tude of the reduction has varied among stud-
ies (Ashrafian et al., 2011). In their cohort 
study, Christou et al. (2004) found that the 
5-year mortality rate in the bariatric surgi-
cal group was 0.68% compared with 6.17% 
in the medically managed patients, which 
translates to an 89% relative risk reduction. 
Flum and Dellinger (2004) evaluated sur-
vival after RYGB in a retrospective cohort 
study and found a 27.6% lower mortality 
rate in severely obese patients who under-
went RYGB, as compared with those who 
did not. After the surgical patients reached 
the first postoperative year, the long-term 
survival advantage increased to 33%. 
Adams et al. (2009) reported that during a 
mean follow-up of 7.1 years, adjusted long-
term mortality from any cause in the RYGB 
group decreased by 40%, as compared with 
that in the control group. Cause-specific 
mortality in the RYGB group decreased by 
56% for coronary artery disease, by 92% 
for T2D, and by 60% for cancer. The SOS 
study also showed a 30% decrease in mor-
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tality rates after 10 years of follow-up, with 
cancer and myocardial infarction being the 
leading causes of death (Sjöström et al., 
2007). A meta-analysis involving 44,022 
participants from eight clinical trials with 
a mean follow-up of 7.5 years indicated 
that, compared with controls, bariatric sur-
gery was associated with a reduced risk of 
all-cause mortality (odds ratio = 0.55) and 
cardiovascular mortality (odds ratio = 0.58; 
Pontiroli & Morabito, 2011). More recently, 
in a study involving older, mostly male vet-
erans, Arterburn et al. (2015) demonstrated 
a 42% reduction in mortality after bariat-
ric surgery compared to matched controls. 
At present, there have been no prospective 
RCTs with sufficient sample size or follow-
up duration to determine a mortality benefit 
of bariatric surgery.

Comparison of Standard 
Bariatric Procedures

The GI configuration in each bariatric pro-
cedure results in unique risks, merits, and 
limitations (Eldar et al., 2011a). The gen-
eral consensus, based on the results of com-
parative studies and meta-analyses, suggests 
the presence of an efficacy gradient among 
standard bariatric operations for the reso-
lution of excess weight and cardiovascular 
risk factors (i.e., BPD > RYGB > SG > AGB). 
More extensive diversionary procedures are 
generally associated with greater weight loss 
(Table 22.9) and more profound metabolic 
benefits in the long term, but at the cost of 
more surgical complications, especially ones 
related to nutritional deficiencies.

Choice of Bariatric–Metabolic 
Surgical Procedures

The choice of bariatric surgery requires as-
sessment of risk versus benefit for each pro-
cedure and must be individualized for each 
surgical candidate. Factors to be considered 
when choosing a weight loss surgical proce-
dure include the following:

•	 Expertise and experience of the surgical 
team.

•	 Patient’s preference after being fully in-

formed about the risks and benefits of 
each procedure.

•	 Patient’s BMI.
•	 Presence of metabolic comorbidities, espe-

cially pre-diabetes and T2D.
•	 Patient’s risk factors associated with high 

perioperative morbidity and mortality.
•	 Follow-up regimen for the procedure and 

the patient’s commitment to adhere to it.

AGB
With no resection and anastomosis, the rela-
tive operative risk of AGB is lower than that 
of most other bariatric operations. How-
ever, long-term results indicate a relatively 
high revision rate for complications or poor 
weight loss. For this reason, the popular-
ity of AGB has decreased dramatically over 
the past 5 years across the globe, such that 
relatively few (5–8%) new patients receive 
this procedure. Patients who are extremely 
motivated and will participate in frequent 
assessments for band adjustments are most 
suitable for this procedure. In general, this 
procedure should be avoided in patients with 
high BMI (> 50 kg/m2), severe GERD, or ad-
vanced T2D.

SG
SG is the most common bariatric procedure 
worldwide. Appropriate indications for SG 
include the first component of a two-stage 
approach for high-risk super obese patients 
(i.e., BMI > 50 kg/m2) who are considering 
BPD-DS or RYGB as an eventual completion 
operation. SG also is indicated as a stand-
alone procedure in the following conditions 
(Brethauer, Hammel, & Schauer, 2009; 
Rosenthal et al., 2012):

•	 Patient’s preference to have a relatively 
simple restrictive operation without use of 
a foreign body.

•	 In patients considered high risk.
•	 In the presence of gastric lesions that require 

monitoring (e.g., adenomatous polyps).
•	 In endemic area for gastric cancer.
•	 In patients with inflammatory bowel dis-

ease, for whom the integrity of an intesti-
nal anastomosis is a concern.

•	 In liver and kidney transplant candidates.
•	 In the presence of liver cirrhosis.
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GP
Along with other restrictive procedures, 
GP can be an appropriate option in high-
risk surgical patients. The cost of surgery 
is lower than that of other bariatric proce-
dures, which makes it an affordable choice 
for patients in places with limited resources. 
Patients may choose it as a simple and po-
tentially reversible procedure without any 
opening of the GI tract (i.e., reduced risk of 
leakage) or use of a foreign body (Brethauer, 
Harris, et al., 2011; Talebpour et al., 2012; 
Abdelbaki et al., 2012). However, long-term 
follow-up data for GP are limited.

RYGB
As a procedure that has been consistently 
used for decades, RYGB is an appropriate 
consideration for most patients who are 
eligible for bariatric surgery. RYGB carries 
more perioperative risk than AGB, SG, and 
GP, but it is more effective in controlling 
weight and comorbidities. RYGB is the pre-
ferred option in patients with severe GERD. 
In appropriate risk patients with pre-diabe-
tes or established T2D, RYGB is probably 
the best overall option (in our opinion). Rel-
ative contraindications to RYGB include se-
vere iron deficiency anemia, extensive prior 
abdominal surgery, severe dysplasia of distal 
esophagus (which may require resectioning 
of the esophagus and reconstruction with 
the stomach in the future), and distal gastric 
or duodenal lesions that require future endo-
scopic surveillance (Schauer & 2004; ABS 
Consensus Conference, 2005; Schirmer & 
Schauer, 2010; Smith et al., 2011).

BPD and BPD‑DS
BPD and BPD-DS appear to be the most ef-
fective weight loss and antidiabetic proce-
dures but carry a higher operative risk and 
lifelong risk of malnutrition. Therefore, they 
are reasonable options for super obese pa-
tients (BMI > 50 kg/m2) with low to moderate 
surgical risk who are expected to be highly 
compliant with follow-up regimen and mon-
itoring. Contraindications to the procedure 
include high-risk patients; presence of obsta-
cles for follow-up (e.g., geographic distance 
from the surgeon, lack of financial means to 

afford lifelong supplements); and preexisting 
calcium, iron, or other vitamin deficiencies 
(Schirmer & Schauer, 2010; Smith et al., 
2011).

Body Contouring Following Massive 
Weight Loss

Body contouring after bariatric surgery is 
not a luxury; rather, it is often necessary to 
achieve not only reasonable cosmetic results 
but also appropriate health care. Large skin 
folds can lead to back strain, maceration 
under folds, fungal intertriginous dermatitis, 
and body image dissatisfaction. Excess skin 
folds can also be a limiting factor in exer-
cise and sexual activity. Plastic surgery pro-
cedures following massive weight loss range 
from simple panniculectomies to upper-, 
lower-, and total-body lifts. Total-body lift 
may include a circumferential abdomino-
plasty, lower-body lift, medial thighplasty, 
upper-body lift, and breast reshaping. The 
procedure can involve up to 10 hours in the 
operating room (Shermak, 2012; Buckley, 
2007).

Conclusions

The growing epidemic of obesity, along with 
unsatisfactory results of conventional weight 
reduction programs, has led to a remarkable 
rise in the number of bariatric surgeries per-
formed in the last decade; yet, fewer than 
2% of eligible patients choose to undergo 
surgery. In addition to achieving significant 
and durable weight loss, bariatric surgery is 
associated with favorable metabolic effects 
and a survival benefit far beyond those ob-
tained by behavioral and pharmacological 
therapies. Outcomes of bariatric–metabolic 
surgery have steadily improved over the last 
half-century, especially after the advent of 
minimally invasive laparoscopic techniques. 
Early perioperative morbidity (4–5%) and 
mortality (0.3%) are relatively low following 
bariatric surgery, as compared to other ab-
dominal procedures such as cholecystecto-
my. Surgical interventions with a very good 
risk–benefit ratio are available now, and 
surgical and nonsurgical innovations will, 
most certainly, revolutionize management of 
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severe obesity in the near future. Whatever 
the next decade holds for the treatment of 
severe obesity is uncertain. However, scien-
tific evidence indicates that bariatric–meta-
bolic surgery, thus far, is the only weight loss 
therapy that consistently results in clinically 
significant long-term weight loss for severely 
obese patients. Moreover, bariatric–meta-
bolic surgery for T2D has shown significant 
improvement in glycemic control as com-
pared to medical therapy alone. Patients 
with class 1 obesity (BMI of 30–34 kg/m2) 
may also benefit from bariatric–metabolic 
surgery, especially if their T2D is poorly 
controlled with optimal medical therapy. 
Bariatric–metabolic surgery will likely play 
a more prominent role in the management of 
obesity and diabetes in the near future.
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Behavioral treatment for obesity, also com-
monly referred to as comprehensive lifestyle 
treatment, employs principles from learn-
ing and social–cognitive theories (Bandura, 
1991; Ferster, Nurnberger, & Levitt, 1996; 
Kanfer, 1970) to help individuals lose weight 
by achieving a negative energy balance via 
reduced caloric consumption and increased 
physical activity. Behavioral treatment re-
liably results in body weight reductions of 
8–10% (Butryn, Webb, & Wadden, 2011). 
Weight losses of this magnitude typically 
produce improvements in cardiovascular 
risk factors and obesity-related medical 
conditions (Diabetes Prevention Program 
Research Group, 2002; Look AHEAD Re-
search Group, 2010; Jensen et al., 2014). 
Despite the notable benefits of behavioral 
treatment, the regaining of weight that com-
monly follows initial weight loss remains 
a pressing problem—one that has even led 
some to question the ethics of psychological 
treatments for obesity (Cooper et al., 2010).

For more than three decades, obesity re-
searchers have struggled to understand the 
factors associated with posttreatment weight 
regain (MacLean et al., 2015). Poor mainte-
nance appears to have multiple interactive 
determinants, including biological, envi-

ronmental, and psychological factors. Fol-
lowing diet-induced weight loss, biological 
influences such as the persistence of adaptive 
thermogenesis (Rosenbaum, Hirsch, Galla-
gher, & Leibel, 2008) and environmental 
contributors such as continuous exposure 
to stimuli that promote the consumption 
of appetizing, low-cost, energy-dense foods 
(Drewnowski & Rolls, 2005) prime the in-
dividual for regaining weight. Psychological 
factors then come into play to potentiate the 
predisposition to relapse (Fuglestad, Roth-
man, & Jeffery, 2008).

Indeed, the most rewarding aspect of obe-
sity treatment from the participant’s per-
spective is weight loss. However, after sev-
eral months of caloric restriction, the rate of 
weight loss slows or stops—often at a point 
that is far from the participant’s desired 
weight—leaving unfulfilled expectations for 
personal and social benefits of weight loss. 
The individual is confronted with the need 
to continue substantial behavioral efforts 
to avoid weight gain, creating a perception 
that the behavioral costs exceed the personal 
benefits of the weight management endeavor 
(Hsu & Blanford, 2014). The drop in rein-
forcement (i.e., absence of further weight 
loss) can trigger a decrease in the diet and ex-
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ercise behaviors required for further weight 
loss or the maintenance of lost weight. Fur-
thermore, a decrease in behavioral adher-
ence, coupled with the unfavorable influenc-
es of biological and environmental factors, 
often leads to weight regain. Attributions of 
personal ineffectiveness commonly follow, 
which can trigger negative emotions, a sense 
of hopelessness, and ultimately abandon-
ment of the weight control effort (Andersson 
& Rossner, 1997; Jeffery, French, & Schmid, 
1990; Ratcliffe & Ellison, 2015).

To overcome this sobering set of challeng-
es, researchers have tested an array of strate-
gies designed to enhance the maintenance of 
lost weight. In this chapter, we examine the 
progress made (since the publication of the 
prior edition of this handbook) toward solv-
ing the “maintenance problem.” Accord-
ingly, we conducted a review of randomized 
trials of behavioral treatment for obesity in 
an effort to document the effects of various 
treatment strategies on long-term weight 
change. We were particularly interested in 
determining whether the incorporation of 
particular intervention methods either dur-
ing or following the weight loss phase of 
behavioral treatment produces meaningful 
improvements in maintenance.

A number of studies entail modifications 
that are implemented during the initial 
“weight loss” phase of behavioral treatment, 
with the expectation that the inclusion of 
new components will have a direct or indi-
rect impact on long-term weight change or 
the maintenance of weight lost. For exam-
ple, the inclusion of training in weight main-
tenance skills during initial treatment is an 
example of an approach expected to have 
a direct impact on the maintenance of lost 
weight. Alternatively, modifying the home 
environment during initial treatment to sup-
port weight change behaviors represents an 
approach that would be expected to boost 
initial weight loss and have a beneficial al-
though indirect impact on the maintenance 
of lost weight. We include both of these ap-
proaches, along with a review of studies that 
entail interventions delivered following the 
initial weight loss phase that are specifically 
designed to improve the maintenance of lost 
weight.

The inclusion criteria for our review en-
tailed the following elements: (1) publication 

between 2001 and 2015; (2) the use of be-
havioral treatment procedures (i.e., defined 
operationally as the inclusion of daily self-
monitoring of food consumption); (3) the 
implementation of a randomized design to 
test methods intended to improve the ef-
fectiveness or efficiency of behavioral treat-
ment; (4) a study sample consisting of adults 
with body mass indices (BMIs) ≥ 25 kg/m2; 
(5) an initial weight loss intervention phase 
conducted over a period of 3 months or 
longer; and (6) a follow-up evaluation com-
pleted 12 or more months after the initiation 
of treatment. Studies were excluded if they 
involved the use of medications, surgical 
procedures, inpatient care, very-low-calorie 
diets (< 800 kcal/day), or meal replacements 
as the primary means of achieving weight 
loss. Studies were also excluded if they con-
tained a methodological flaw that threat-
ened the validity of findings.

We identified 31 studies that met the inclu-
sion and exclusion criteria and sorted them 
into two groups: (1) investigations that test-
ed modifications or additions to the initial 
(weight loss) phase of behavioral treatment; 
and (2) studies that examined the effects of 
an extended-care (i.e., “maintenance”) pro-
gram after the initial phase of treatment. We 
summarize the findings from these studies 
and discuss implications for future research 
and clinical care.

Modifications of the Initial Phase 
of Behavioral Treatment

A number of studies have investigated the 
effects of intervention components deliv-
ered during the initial (weight loss) phase 
of behavioral treatment that were expected 
to have a long-term impact on weight loss 
success. Table 23.1 contains key information 
about the study samples, treatment condi-
tions, and data regarding long-term reten-
tion rates and weight changes.

Size of Treatment Groups
Behavioral treatment of obesity is typically 
conducted in a group treatment format, 
with group size varying widely across stud-
ies. Does size matter? Dutton et al. (2014) 
tested the delivery of behavioral treatment 
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in small versus large groups (~12 vs. ~30 
participants). The investigators found that 
participants in the small-group condition 
reported better treatment engagement, com-
pleted more self-monitoring records, and 
achieved greater maintenance of lost weight 
than those in the large-group intervention. 
One year after the start of treatment, the 
small-group condition showed a mean net 
weight loss of 7.0 kg versus 1.7 kg for the 
large-group condition. Moreover, the fre-
quency of self-monitoring mediated the re-
lation between group size and weight loss. 
Compared with those in the small groups, 
the decreased individual attention received 
by the large-group participants may have 
contributed to poorer adherence and smaller 
weight changes. What remains to be deter-
mined is the group size with which treatment 
efficiency is maximized without diminishing 
treatment effectiveness. More specifically, is 
there a group size larger than 12 but smaller 
than 30 that increases treatment efficiency 
without decreasing treatment effectiveness?

Dose of Treatment
Similarly, it is important to understand the 
relation between the dose (i.e., number of 
treatment sessions) of behavioral treatment 
and the magnitude of weight loss. Perri et al. 
(2014) examined the effects of small, mod-
erate, and large doses of behavioral treat-
ment on both short- and long-term changes 
in body weight. The small-, moderate-, and 
high-dose conditions involved 8, 16, and 24 
sessions of treatment, respectively, during 
both the initial 6 months and subsequent 
12 months of the program. At 24 months, 
participants in the moderate- and high-dose 
conditions had equivalent weight reductions 
(6.7% and 6.8%, respectively), and both had 
weight losses superior to those achieved by 
the low-dose participants (3.5%). An addi-
tional analysis showed that moderate dose 
treatment was more cost-effective than the 
low- and high-dose conditions. Thus, it ap-
pears that bigger is not necessarily better 
when it comes to dose of treatment. A lon-
ger initial phase of treatment with a greater 
number of sessions (i.e., higher treatment 
dose) generally increases mean weight loss 
(Perri, Nezu, Patti, & McCann, 1989). 
However, very high doses of treatment often 

result in higher group means due to larger 
losses achieved by a few high performers 
rather than uniformly higher weight losses 
for all participants. Identifying the dose of 
treatment associated with long-term success 
has an indirect, as well as a direct, impact on 
improving the maintenance of lost weight. In 
the clinical arena, cost-effectiveness is criti-
cal to policymakers who determine whether 
third-party payers will cover treatments. 
Treatments with long-term cost-effective-
ness, as well as long-term weight loss effec-
tiveness, are more likely to be disseminated 
and implemented and thereby produce the 
intended benefits of improving the health of 
people with obesity in the general popula-
tion.

Telephone Counseling
The mode of treatment delivery has the po-
tential to influence long-term weight loss. 
Appel et al. (2011) compared the effective-
ness of treatment provided to primary care 
patients through (1) telephone counseling, (2) 
face-to-face sessions, or (3) a control group 
with instructions for self-directed weight 
management. Participants in telephone and 
face-to-face interventions also had access to 
a website with weight management tools, 
and they received encouragement for weight 
loss from their primary care providers. At 24 
months, telephone and face-to-face counsel-
ing showed equivalent mean reductions (M’s 
= 4.6 and 5.1 kg, respectively) that were sig-
nificantly larger than the mean loss in the 
control condition (0.8 kg). In a similar vein, 
Donnelly et al. (2013) conducted an equiva-
lence trial to test whether telephone coun-
seling conducted via conference calls with 
groups of participants would produce weight 
losses equivalent to those produced by face-
to-face group counseling. At 18 months, 
the net reduction in initial body weight was 
the same in both conditions (6.6%), but the 
calculated cost of treatment (to the partici-
pant) was $790 less for the conference call 
intervention compared with face-to-face 
clinic sessions. The findings from Appel et 
al. (2011) and Donnelly et al. (2013) show 
that telephone delivery can provide a level 
of effectiveness equivalent to the gold stan-
dard of face-to-face sessions, not only in the 
short run, but also at long-term follow-ups 
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of 18 and 24 months. Moreover, the find-
ings from Donnelly et al. (2013) suggest that 
telephone-delivered treatments have the po-
tential to yield substantial savings in costs 
versus clinic-based treatments.

Internet Delivery
With its ubiquity and continuous availabil-
ity, Internet delivery of behavioral treatment 
could be a boon to the long-term manage-
ment of weight. Early research by Tate, 
Wing, and Winett (2001) that focused on 
initial weight loss showed that behavioral 
treatment delivered via the Internet produced 
significantly larger 6-month losses than diet 
education via the Internet (M’s = 4.1 and 
1.6 kg, respectively). In an effort to improve 
the long-term effects of behavioral coun-
seling via the Internet, Micco et al. (2007) 
randomized participants to a 12-month be-
havioral weight loss program delivered via 
the Internet alone or to an identical Internet 
program supplemented with monthly in-
person support meetings led by trained in-
terventionists. An intention-to-treat analysis 
indicated no significant between-group dif-
ferences in weight loss at 12 months, with 
5.1 versus 3.5 kg for Internet alone versus 
Internet plus in-person support conditions, 
respectively. However, in the context of a 
statewide weight loss campaign, Leahey et 
al. (2015) tested whether the long-term ef-
fectiveness of behavioral counseling via the 
Internet might be improved by adding (1) op-
tional in-person group meetings (maximum 
of 12 weekly sessions conducted at the start 
of treatment and led by dietitians or exercise 
physiologists); or (2) small financial incen-
tives for good adherence (maximum of $45 
in total). A 12-month assessment showed 
significantly larger mean percent reductions 
in body weight for the treatment conditions 
with group support (4.5%) or financial in-
centives (3.1%) compared with behavioral 
counseling alone (1.2%). The study also 
found that the incentive program was the 
most cost-effective approach to improving 
the long-term effects of behavioral counsel-
ing via the Internet.

The findings from Micco et al. (2007) and 
Leahey et al. (2015) showed mixed results 
for supplementing Internet interventions 
with face-to-face contacts. The timing of 

personal support may be critical to its im-
pact on short- and long-term weight change. 
Providing frequent support early in the in-
tervention phase (weekly for 3 months) ap-
pears to be more effective than less frequent 
contact distributed over the course of a year 
(monthly for 12 months). Historically, the 
use of financial incentives has yielded mixed 
findings (Jeffery et al., 1993). However, in 
the context of an Internet-based program, 
the addition of small incentives might be 
a cost-effective approach to enhancing the 
long-term effectiveness of behavioral treat-
ment (Leahey et al., 2015). Demonstrations 
that weight losses achieved via the Internet, 
even if modest in size, can be maintained 
over the long run would represent an impor-
tant public health accomplishment.

Modifying the Home Environment
The influence of environmental factors on 
behavior change has long been an area of 
interest to behavioral psychologists. Gorin 
et al. (2013) examined the short- and long-
term effects of modifying the home envi-
ronment to support weight reduction as an 
adjunct to standard behavioral treatment. 
Modifications to the home environment in-
cluded the provision of exercise equipment, 
a full-length mirror, a scale, fitness maga-
zines, and portion plates, coupled with the 
inclusion of a home partner in treatment 
sessions. The home environment program 
improved weight losses at 6 months com-
pared to standard behavioral treatment, but 
the impact of the environmental enhance-
ments did not persist over time. There were 
no significant between-group differences in 
weight or weight regain at the 18-month fol-
low-up. Modifying the home environment 
to support weight loss, though promising 
with respect to initial weight reduction, does 
not seem to provide a long-term impact on 
weight change.

Motivation‑Focused Treatment
The two most important reasons that peo-
ple seek to lose weight are to improve their 
health and/or their physical appearance. 
Kalarchian et al. (2011) examined whether 
highlighting treatment-induced changes that 
were in alignment with different motivations 
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for weight loss might improve treatment ef-
fectiveness. The researchers randomly as-
signed participants to one of four conditions: 
standard behavioral treatment, appearance-
focused behavioral treatment, health-fo-
cused behavioral treatment, or a combina-
tion of both appearance- and health-focused 
behavioral treatment. The appearance- 
focused and the combined appearance- and 
health-focused interventions showed greater 
weight reductions at 6 months compared 
with standard behavioral treatment, but the 
superior outcomes for these conditions were 
not maintained at 18 months. Thus, moti-
vation-focused treatment does not appear to 
enhance long-term weight loss.

Reformulated Cognitive‑Behavioral 
Treatment
Concerned about the problem of poor main-
tenance of weight lost via standard behav-
ioral treatment, Cooper and Fairburn (2001) 
proposed a reformulated cognitive-behav-
ioral therapy (CBT) intervention for obesity. 
They designed their intervention to address 
the key factors that they believed were re-
sponsible for relapse following standard 
behavioral treatment for obesity (i.e., unre-
alistic expectations about the personal ben-
efits of weight loss and a failure to acquire 
the skills needed to maintain a stable body 
weight). Cooper et al. (2010) subsequently 
reported findings from a trial that tested the 
new CBT versus standard behavioral treat-
ment and a guided self-help (GSH) control 
condition. An individual therapy format was 
used to deliver behavioral treatment and 
CBT over the course of 44 weeks, while GSH 
was completed in 24 weeks. At week 44, 
behavioral treatment and CBT groups had 
weight reductions that did not differ signifi-
cantly (12.7% and 8.9%, respectively), but 
only behavioral treatment showed a signifi-
cantly greater reduction than GSH (5.4%). 
Over the course of 3 years of follow-up with 
no posttreatment contact, participants in all 
three conditions on average regained vir-
tually 100% of their initial losses, and no 
significant between-group differences were 
observed among any of the conditions.

Cooper and Fairburn’s (2001) debut of 
a new CBT treatment for obesity was pub-
lished without data supporting the superi-

ority of their intervention versus standard 
behavioral treatment. However, findings 
from their trial of CBT versus behavioral 
treatment showed no advantage for CBT, 
and both the behavioral treatment and 
CBT conditions demonstrated poorer long-
term maintenance than is typically accom-
plished with standard behavioral treatment 
(Cooper et al., 2010). Cooper et al. (2010) 
argued that the failure of their CBT inter-
vention was evidence that relapse follow-
ing obesity treatment is likely controlled by 
(unspecified) nonpsychological factors, and 
they concluded that it is “ethically question-
able to claim that psychological treatments 
for obesity work in the absence of data on 
their longer-term outcome” (p. 712). How-
ever, others investigators (Perri, Sears, & 
Clark, 1993), as well as scientific and pro-
fessional associations (American College of 
Cardiology, American Heart Association, 
and The Obesity Society; see Jensen et al., 
2014), have recognized that obesity should 
be viewed as a complex, chronic condition 
requiring a continuous-care approach to 
treatment. Indeed, the Look AHEAD Study 
(Look AHEAD Research Group, 2010, 
2014), which achieved successful behavior-
al management of obesity over the course 
of more than 8 years, provides compelling 
evidence that psychological interventions 
“work” when they are based on a model that 
appreciates the multiple biobehavioral con-
tributors to relapse and when they employ 
a continuous-care approach to long-term 
treatment.

Maintenance Training Prior to Weight Loss
In a novel approach to the maintenance 
problem, Kiernan et al. (2013) tested the 
effectiveness of providing participants with 
maintenance training prior to initiating 
weight reductions rather than after weight 
loss. Participants in the “stability first” con-
dition had 2 months of training in how to 
maintain a stable body weight before be-
ginning the weight loss phase of treatment. 
Those in the “weight loss first” condition 
received training in maintenance strategies 
after the weight loss phase was completed. 
The mean losses accomplished in the initial 
phase of treatment were equivalent (~7.5 kg). 
However, consistent with the researchers’ 
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hypothesis, training participants in how to 
maintain a stable weight before embarking 
on a weight loss intervention resulted in sig-
nificantly greater maintenance of lost weight 
compared with the traditional approach of 
addressing maintenance after an initial pe-
riod of weight loss (i.e., 81 vs. 57% of initial 
weight loss maintained). Thus, training par-
ticipants in body weight stability skills prior 
to the initiation of weight loss seems to im-
prove long-term outcomes. Indeed, if repli-
cated, the findings from the innovative study 
by Kiernan et al. (2013) have the potential 
to change how we approach the development 
of maintenance skills. The timing and meth-
ods used to train participants in body weight 
stability skills represent a fertile avenue for 
future study.

Manipulations of Diet and/or Exercise
Behavioral treatment of obesity commonly 
includes prescriptions for a balanced deficit 
diet of 1,200–1,500 kcal/day and for the 
addition of 30 minutes/day of moderate-
intensity physical activity, typically brisk 
walking, 5–7 days per week. A number of 
studies have examined the effects of differ-
ent variations in energy intake, diet educa-
tion, diet composition, exercise, and combi-
nations of diet and exercise on the short- and 
long-term effects of behavioral treatment. 
The specific characteristics of the exercise 
and diet regimens have varied from study to 
study, as have the target populations (e.g., 
older adults, people with specific medical 
conditions). The findings from such studies 
have been remarkably consistent. The inclu-
sion of diet or diet plus exercise produces 
superior weight reductions compared with 
exercise alone (Rejeski et al., 2002; Villareal 
et al., 2011; Foster-Schubert et al., 2012). In-
deed, a systematic review and meta-analysis 
of studies that included diet or exercise or 
their combination in behavioral weight loss 
treatment led to the conclusion that the ad-
dition of diet to exercise increases weight 
loss, but the addition of exercise to diet does 
not (Johns, Hartmann-Boyce, Jebb, & Ave-
yard, 2014). These findings are not surpris-
ing, given that caloric consumption has the 
potential to contribute to larger changes in 
energy balance than does energy expendi-
ture (e.g., it takes more than 2 hours of brisk 

walking to expend the > 700 kcal contained 
in one Cinnabon Classic Cinnamon Roll). 
Thus, the contribution of exercise to initial 
weight loss is typically small (Goodpaster et 
al., 2010), and its effects are often difficult 
to detect due to variability in participant 
adherence to exercise prescriptions (Jakicic, 
Marcus, Lang, & Janney, 2008). Nonethe-
less, exercise provides many benefits in ad-
dition to caloric expenditure (e.g., increased 
metabolic rate, muscle preservation, mood 
enhancement), and exercise engagement is 
associated with long-term success in weight 
management (American College of Sports 
Medicine, 2009).

Exercise Variations
Jakicic et al. (2008) examined the effects of 
four different exercise regimens based on 
energy expenditure (1,000 vs. 2,000 kcal/
week) and exercise intensity (“moderate” 
vs. “vigorous”), combined with standard be-
havioral treatment using a low-calorie diet. 
There were no significant weight loss dif-
ferences between any of the regimens over 
the short or long run. However, post-hoc 
analyses indicated that those participants 
who maintained weight reductions ≥ 10% 
at 24 months reported that they engaged in 
higher levels of exercise than those main-
taining losses of < 10%. Jeffery and col-
leagues examined the short- and long-term 
effects of prescribing 2,500 versus 1,000 
kcal/week of physical activity and found 
no between-group difference in weight loss 
at posttreatment, but observed a greater 
weight loss at 18 months for participants 
in the high- versus low-exercise conditions 
(M’s = 6.7 vs. 4.1 kg, respectively; Jeffery, 
Wing, Sherwood, & Tate, 2003; Tate, Jef-
fery, Sherwood, & Wing, 2007). However, 
a 30-month follow-up showed equivalent 
weight changes, and, similar to the findings 
from Jakicic et al. (2008), participants who 
reported higher levels of exercise maintained 
greater amounts of weight loss.

The largely unsuccessful efforts to boost 
short- and long-term weight losses by in-
creasing the frequency, duration, intensity, 
or type of exercise is likely due to the highly 
variable response of participants to exercise 
prescriptions (American College of Sports 
Medicine, 2009). Nonetheless, participants 
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who exercise more show better long-term 
weight loss outcomes. The larger weight 
losses of successful participants may be due 
to their higher levels of physical activity. Al-
ternatively, the greater losses could also be 
due to other factors commonly observed in 
people who are highly successful in weight 
management, such as better adherence to all 
components of treatment. Future research in 
this area might benefit from the use of adap-
tive clinical trial designs (Chow, 2014). For 
example, after a fixed period of time with 
randomized assignment to a particular ex-
ercise prescription, a participant’s adherence 
would be assessed and the results of that 
evaluation would determine whether the 
participant continues on that particular ex-
ercise regimen or is assigned to a prespecified 
alternative prescription. Such an approach 
might allow investigators to more quickly 
identify which exercise prescriptions work 
best for different subsets of their sample.

Caloric Intake Levels
Low-calorie regimens (≥ 800 kcal/day but 
less than the amount required for a balanced 
energy equation) are standard components 
of behavioral treatment, but the specific 
level of prescribed energy intake varies wide-
ly across studies. Nackers et al. (2013) tested 
the effect of prescribing 1,000 versus 1,500 
kcal/day to women who weighed 91–136 kg 
(i.e., 200–300 pounds). Participants in the 
1,000 kcal/day program achieved signifi-
cantly larger weight losses at 6 months than 
those prescribed 1,500 kcal/day (M’s = 10.0 
vs. 6.2 kg, respectively), but the 1,000 kcal/
day participants experienced greater weight 
regain during months 7–12 than those in 
the 1,500 kcal/day condition (M net losses 
from baseline = 8.5 vs. 5.8 kg, respectively, 
p = .32). However, a significantly greater 
percentage of participants prescribed 1,000 
versus 1,500 kcal/day achieved losses ≥ 5% 
of initial body weight at 12 months (62 vs. 
42%, respectively), suggesting that there 
may be some longer-term benefits associated 
with the use of a lower-calorie prescription.

The findings from Nackers et al. (2013) 
showed that a prescription for lower-caloric 
intake boosts initial weight reduction but 
does not increase long-term weight loss. 
Nonetheless, lower-calorie targets may in-

crease the percentage of participants who 
achieve body weight reductions ≥ 5%. This 
finding runs counter to the “small changes” 
approach to weight management (Lutes et 
al., 2013), which posits that smaller caloric 
restrictions ultimately lead to larger long-
term reductions and better maintenance of 
weight loss than more restrictive caloric pre-
scriptions. Larger losses are more rewarding 
to participants than smaller ones, yet they 
are harder to maintain. Future research 
might examine the use of various schedules 
of caloric intake in which, after a prespeci-
fied period of time or weight reduction, 
participants are moved from a lower- to a 
higher-caloric level that is easier to maintain 
over the long run.

Dietary Variety
Dietary variety influences food consump-
tion, with greater variety leading to greater 
consumption. Raynor and colleagues tested 
the effects of lifestyle treatment (i.e., behav-
ioral treatment) with or without limited food 
variety (Raynor, Looney, Steeves, Spence, 
& Gorin, 2012). The lifestyle plus limited 
variety intervention included a prescription 
to limit energy-dense, low-nutritional-value 
foods (e.g., baked goods, snack bars, candy, 
chips) to two servings per day. Although the 
limited variety manipulation resulted in de-
creased dietary diversity and lower energy 
consumption compared with standard treat-
ment, there were no significant between-
group differences in percent weight loss 
from baseline to 18 months. Thus, reducing 
dietary variety appears to have a beneficial 
effect on food selections, but it does not ap-
pear to produce a large enough impact on 
caloric intake to improve long-term weight 
loss.

Glycemic Index Education
The role of carbohydrates in weight reduc-
tion is often a topic of heated debate. In re-
cent years, various “low-carb” approaches 
to weight loss have been popular. The glyce-
mic index (GI) measures how foods contain-
ing carbohydrates influence blood glucose 
levels. A low-GI diet may enhance weight 
loss by decreasing insulin levels, hunger, and 
caloric intake. Accordingly, Carels and col-
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leagues examined the addition of GI educa-
tion to standard behavioral treatment and 
found that participants in the education con-
dition demonstrated improved knowledge 
at posttreatment related to the GI rating of 
foods compared to those in standard behav-
ioral treatment (Carels, Darby, Douglass, 
Cacciapaglia, & Rydin, 2005). However, 
there were no significant between-group dif-
ferences with respect to weight loss at either 
posttreatment or at a 12-month follow-up. 
Thus, education regarding the GI of foods 
enhances knowledge, but that knowledge 
does not translate into sufficient changes in 
eating patterns to influence weight change.

Macronutrient Composition
Sacks et al. (2009) compared the effects of 
different dietary compositions of fat, pro-
tein, and carbohydrates on 2-year changes 
in body weight. The experimental design en-
tailed a 2 × 2 factorial comparison of low-fat 
(20% of total caloric intake) versus high-fat 
(40% of total caloric intake) and average-
protein (15% of total caloric intake) versus 
high-protein (25% of total caloric intake) 
regimens, all against a background of com-
prehensive behavioral treatment. The mean 
weight losses across all participants were ~6 
kg at 6 months and ~4 kg at 24 months, and 
no significant between-group effects were 
observed at either assessment. The authors 
concluded, “reduced-calorie diets result in 
clinically meaningful weight loss regardless 
of which macronutrients they emphasize” 
(p. 859). Similarly, Foster et al. (2010) com-
pared comprehensive behavioral treatment 
coupled with either a low-carbohydrate or a 
low-fat diet. The low-carbohydrate regimen 
prescribed 20 g/day of carbohydrates dur-
ing the first 3 months without restrictions 
on protein or fat consumption, followed by 
monthly increases of 5 g/day of carbohy-
drates until a stable weight was achieved. 
The low-fat diet prescribed 1,200–1,800 
kcal/day with < 30% of energy from fats. 
Over the course of the study, the two inter-
ventions produced similar patterns of weight 
change, with mean 1-year losses of approxi-
mately 11 kg in both groups. Two-year find-
ings revealed equivalent mean losses for the 
low-fat and low-carbohydrate conditions 
(7.4 and 6.3 kg, respectively), indicating that 

both dietary regimens produce good long-
term reductions when coupled with behav-
ioral treatment. However, neither diet sub-
stantially improved the maintenance of lost 
weight.

The macronutrient composition of diet 
may not play an important role in the 
amount of weight loss induced or main-
tained in behavioral treatment. Collectively, 
the results from Sacks et al. (2009) and Fos-
ter et al. (2010) indicate that similar long-
term weight changes can be achieved with 
the combination of behavioral treatment 
plus either a low-fat or a low-carbohydrate 
diet. These findings are consistent with a re-
cent meta-analysis that compared the effects 
of various popular diets and found equiva-
lent weight losses regardless of diet composi-
tion (Johnston et al., 2014). Thus, clinicians 
should feel free to counsel patients to select a 
dietary approach (e.g., low-fat or low-carb) 
based on their personal preferences and ex-
pectations of likely adherence.

Extended‑Care Maintenance Programs

The most common approach to enhancing 
the maintenance of lost weight has been to 
provide participants with additional sessions 
after an initial phase of weight loss treat-
ment has ended. The sessions commonly 
focus on different ways to improve partici-
pants’ skills for coping with the challenges 
associated with maintaining lost weight. In 
a series of studies conducted in the 1980s, 
Perri and colleagues examined the effects 
of providing every-other-week, face-to-face 
sessions, 90 minutes in length, that included 
a weigh-in, a review of participant progress, 
group problem solving, and goal setting. 
These early studies demonstrated that deliv-
ering extended care during the year follow-
ing initial treatment successfully enhanced 
the maintenance of lost weight compared 
to behavior therapy without posttreatment 
care (Perri et al., 1987; Perri, McAdoo, 
McAllister, Lauer, & Yancey, 1986; Perri, 
McAdoo, Spevak, & Newlin, 1984; Perri et 
al., 1988; Perri, Shapiro, Ludwig, Twenty-
man, & McAdoo, 1984).

Although extended care improves the 
maintenance of weight loss, weight regain of 
25–40% of initial weight loss is common at 
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18-month evaluations, even with extended 
care (Perri & Corsica, 2002). Longer-term 
changes in weight are difficult to character-
ize due to the limited number of studies that 
follow participants beyond 2 years. None-
theless, findings from large trials such as the 
Diabetes Prevention Program and the Look 
AHEAD Study indicate that weight regain 
levels off, and that participants maintain on 
average 50% of their initial weight loss for 
3 or more years with continuous care (Dia-
betes Prevention Program Research Group, 
2002; Look AHEAD Research Group, 
2014). Table 23.2 contains key information 
and data for studies published from 2001 
through 2015 that tested extended-care reg-
imens following an initial weight loss phase 
of behavioral treatment.

Relapse Prevention and Problem Solving
Does the content of extended-care sessions 
matter? Perri et al. (2001) examined the ef-
fects of extended-care programs consisting 
of instruction in relapse prevention training 
(RPT) strategies versus the application of 
problem-solving therapy (PST) in compari-
son with a control condition that received 
standard behavioral treatment without fol-
low-up care. All groups had equivalent ini-
tial losses of approximately 8.7 kg after 5 
months of weekly sessions. At 17 months, 
the mean losses from baseline were 10.8, 
5.9, and 4.1 kg for the PST, RPT, and con-
trol conditions, respectively. Only the differ-
ence between PST and the behavioral con-
trol treatment was statistically significant at 
17 months. These findings suggest extended 
care utilizing the application of PST (but not 
RPT) may enhance the long-term effects of 
behavioral treatment, compared to initial 
behavioral treatment without extended care. 
The focus of PST on developing solutions for 
the immediate challenges facing participants 
may enhance its salience and effectiveness. 
An advantage of PST is that it allows the 
interventionist to assist participants in de-
veloping ways to deal with problems in all 
spheres of their lives, including family stress-
es, coping with other illnesses, dealing with 
depression, and interacting with treatment 
providers, as well as issues that represent 
impediments to weight loss progress (Perri, 
Nezu, & Viegener, 1992).

Motivation‑Focused Extended Care
West et al. (2011) examined the effective-
ness of a motivation-focused extended-care 
program in comparison with skill-based ex-
tended care group and a no-treatment con-
trol group. Participants in the two active 
conditions completed 6 months of standard 
behavioral treatment before beginning 12 
months of extended care. The skill-based 
program focused on PST and RPT, whereas 
the motivation-focused intervention incor-
porated strategies designed to strengthen 
participants’ satisfaction with weight loss 
and to cultivate an identity as a successful 
weight loser. At an 18-month follow-up, 
equivalent mean reductions from baseline 
were observed for the motivation-focused 
and skill-based conditions (M’s = 5.3 and 5.2 
kg, respectively), and both were significant-
ly larger than the reduction for the control 
condition (M = 1.4 kg). Most extended-care 
programs focus on teaching participants the 
skills needed to cope with weight-related 
challenges that arise after the initial weight 
loss phase of treatment. However, the find-
ings of West et al. (2011) demonstrate that 
motivation-focused maintenance programs 
may produce benefits equivalent to skill-
based extended-care regimens, thereby pro-
viding options in the approach to extended 
care.

Maintenance‑Tailored Treatment
Jeffery and colleagues compared the effects 
of manipulating both the schedule and con-
tent of treatment sessions to standard behav-
ioral treatment in an effort to enhance main-
tenance of lost weight (Jeffery et al., 2009; 
Levy et al., 2010). In maintenance-tailored 
treatment (MTT), the investigators delivered 
the intervention in six units, each of which 
was 8 weeks long and devoted to a specific 
theme (e.g., caloric intake goals, exercise, 
diet composition). This alternative schedule 
was designed to alleviate the potential mo-
notony associated with the schedule of 24 
weekly sessions followed by 12 every-other-
week and then 6 monthly sessions typically 
used in standard behavioral treatment. To 
further enhance variety, MTT participants 
were prescribed alternating 2-week periods 
with and without caloric restriction (e.g., 
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1,000–2,300 kcal/day). Mean weight reduc-
tions were equivalent across treatment con-
ditions at the 6-, 12-, and 18-month assess-
ments. However, the MTT group showed 
a trend toward smaller weight regain than 
the standard behavioral treatment group be-
tween 18 and 30 months (M’s = 2.8 vs. 4.4 
kg regained, respectively, p = .078). MTT 
may make extended-care programs more 
interesting and attractive to many partici-
pants, which may improve treatment satis-
faction and potentially improve weight loss 
outcomes.

Extended Care via Telephone Counseling
Perri et al. (2008) examined the effects of 
extended care delivered via individual tele-
phone contacts or face-to-face group sessions 
versus a comparison group that received ad-
vice on weight maintenance via newsletters 
delivered by mail. All three treatment groups 
completed an initial 6-month standard be-
havioral treatment program before being 
randomly assigned to a 12-month extended-
care program delivered by phone, face-to-
face, or mail. The mean 6-month loss across 
all participants completing initial behavioral 
treatment was ~10 kg, with no differences 
between groups prior to the extended-care 
phase. At the 18-month assessment, both the 
face-to-face intervention and the telephone 
program showed significantly better mainte-
nance of weight loss than the program deliv-
ered by mail. On average, participants in the 
telephone extended-care program achieved 
a level of maintenance that was virtually 
identical to the face-to-face condition (87 vs. 
88% of initial loss maintained, respectively) 
and significantly greater than the newsletter 
comparison group (65% of initial loss main-
tained). Furthermore, the costs of extended 
care delivered via telephone were signifi-
cantly lower than the costs for face-to-face 
sessions.

Extended Care via the Internet
Easy access and continuous availability 
make the Internet a potentially valuable 
medium for long-term weight control pro-
grams. Harvey-Berino et al. (2002) random-
ized participants who received an identical 

24 weeks of in-person behavioral treatment 
(and achieved mean reductions of 9.5 kg) 
to one of three 12-month maintenance pro-
grams: Internet support (26 every-other-
week chat sessions), in-person support (26 
every-other-week sessions), or minimal in-
person support (6 in-person monthly ses-
sions followed by no further contact). Both 
in-person groups sustained losses of 10.4 kg, 
which were significantly larger than the In-
ternet support group’s loss of 5.7 kg. How-
ever, in a subsequent study with a similar 
experimental design, Harvey-Berino and 
colleagues failed to replicate these findings 
(Harvey-Berino, Pintauro, Buzzell, & Gold, 
2004). Similarly, after 4 months of behav-
ioral treatment that produced mean reduc-
tions of approximately 5 kg, Cussler et al. 
(2008) randomized participants to either an 
Internet-based maintenance program or a 
self-directed control group. Over the course 
of a 12-month follow-up period, study com-
pleters in the Internet and control conditions 
experienced minimal regains (0.4 and 0.6 
kg, respectively), and the between-group dif-
ference was not significant.

In the largest trial (N = 1,032) of weight 
loss maintenance programs, Svetkey et 
al. (2008) compared the effects of (1) un-
limited access to an interactive Internet-
based program for weight management, (2) 
monthly personal contacts (primarily 10- to 
15-minute phone calls with an intervention-
ist), and (3) a self-directed control condi-
tion. Eligibility for randomization required 
achievement of a weight loss of 4 kg or 
more during a 6-month weight loss phase 
that preceded the 30-month maintenance 
phase of the trial. The mean initial weight 
loss of the randomized participants was 8.5 
kg. All groups regained weight over the 30 
months of the study. The means for percent-
ages of initial weight loss maintained were 
35%, 39%, and 53% for the self-directed, 
Internet, and personal contact conditions, 
respectively. The personal contact condition 
demonstrated significantly better mainte-
nance than both the Internet and self-di-
rected conditions, and the Internet program 
failed to show a weight loss maintenance 
benefit compared to the control condition. 
The findings from Svetkey et al. (2008) 
highlight the unfulfilled promise of Internet 
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technology as a means of fostering success-
ful maintenance of weight loss. However, 
as noted earlier, supplementing the initial 
weeks of Internet programs with face-to-
face support or providing small monetary 
incentives may be fruitful additions to help 
realize the potential of web-based interven-
tions (Leahey et al., 2015).

Conclusions

Have we made progress over the past 15 
years in the long-term behavioral manage-
ment of obesity? The answer is a qualified 
“yes.” Decades of research on the develop-
ment of an intervention model and behav-
ioral treatment strategies, tested in smaller 
studies, contributed to the comprehensive 
lifestyle treatment that produced good long-
term outcomes in the Look AHEAD Study 
(Look AHEAD Research Group, 2006). 
Indeed, the intensive lifestyle program in 
Look AHEAD was light years ahead of the 
first and second generations of behavioral 
treatment for obesity. In addition to core 
behavioral procedures of goal setting, self-
monitoring, and stimulus control, the Look 
AHEAD intervention included cognitive-
behavioral techniques, motivational strate-
gies, problem solving, group competitions, 
a strong exercise component, partial meal 
replacements, and a “toolbox” of assorted 
techniques to enhance maintenance. Perhaps 
most importantly, the intervention adopted a 
continuous care model of treatment (Perri et 
al., 1993) with ongoing contacts conducted 
throughout the entire study. Look AHEAD 
achieved good long-term maintenance of 
weight loss. After 1 year, participants had 
lost a mean of 8.6% of their initial body 
weight and, over the course of 8 years, they 
succeeded in maintaining on average 55% of 
their initial losses (Look AHEAD Research 
Group, 2014).

Over the past 15 years, we have also 
learned much about strategies that do and 
do not work. Among the approaches that 
seemed promising but have not (yet) come to 
fruition are modification to the home envi-
ronment (Gorin et al., 2013) and limitations 
on the variety of foods consumed (Raynor 
et al., 2012). Minor accomplishments in-

clude findings that suggest that smaller 
groups may produce bigger weight losses 
than larger groups (Dutton et al., 2014) 
and that moderate doses of treatment may 
produce outcomes comparable to higher 
doses of behavioral treatment (Perri et al., 
2014). We have learned that exercise often 
does not improve initial weight loss but is 
routinely associated with better long-term 
outcomes (Jakicic et al., 2008; Tate et al., 
2007). We have found that more restrictive 
caloric intake goals may not lead to greater 
losses in the long run but may help more 
people achieve clinically meaningful reduc-
tions (Nackers et al., 2013). We have learned 
that diets consisting of different macronu-
trient contents produce similar long-term 
reductions (Foster et al., 2010; Sacks et al., 
2009). We have seen that therapies based on 
alternative cognitive-behavioral treatments 
delivered outside the context of continuous 
care do not improve long-term weight losses 
(Cooper et al., 2010), and we have learned 
that the promise of the Internet as an effec-
tive means of long-term weight management 
remains largely unfulfilled (Svetkey et al., 
2008).

Nonetheless, we have also identified sever-
al promising avenues for future research. We 
have seen intriguing results suggesting that 
training in maintenance skills before, rath-
er than after, initial weight loss may boost 
long-term success (Kiernan et al., 2013). 
Moreover, we have seen clear indications 
that behavioral treatment can be success-
fully administered via telephone counseling 
for both the induction and maintenance of 
weight loss (Appel et al., 2011; Perri et al., 
2008), and that telephone counseling can be 
accomplished in a more cost-effective man-
ner than face-to-face sessions (Donnelly et 
al., 2013).

All in all, although there has been no sin-
gle breakthrough to solve the maintenance 
problem, we have witnessed substantial in-
cremental progress. What we have learned 
over the past 15 years has increased our 
understanding of strategies and tactics that 
decrease the risk of weight regain. Equipped 
with this knowledge, we are better prepared 
to approach the next 15 years with new in-
sights and promising leads toward improv-
ing the long-term management of obesity.
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Obesity medicine is an emerging field in 
health care. Previously called bariatrics, a 
shift in nomenclature to obesity medicine 
has occurred to coincide with other newly 
recognized disciplines, such as addiction 
medicine and exercise medicine. Further-
more, the term bariatrics was often associat-
ed with practitioners who dispensed non-ev-
idence-based or unregulated treatments. In 
contrast, the surgeons who perform weight 
loss surgery have embraced the name meta-
bolic and bariatric surgery and continue to 
be identified as bariatric surgeons.

The deluge of knowledge and new sci-
ence in obesity over the past 20 years has 
helped to propel this field forward. With the 
recognition of obesity as a chronic medical 
condition like diabetes or coronary heart 
disease, this new field of medicine is gaining 
wider acceptance. Yet despite the publica-
tion of multiple guidelines and recommen-
dations regarding assessment and treatment, 
few physicians feel that they are successful 
in helping patients with obesity lose weight 
(Bleich, Bennett, Gudzune, & Cooper, 
2012). Multiple barriers exist that present 
challenges to the provision of obesity care; 
one is the perceived need for improved medi-
cal education related to obesity. Although 
the entire medical community would ben-

efit from achieving an increased competency 
in care for persons with obesity, a pathway 
has been established to recognize physicians 
who have chosen to become more educated 
in obesity and to focus their practice on the 
treatment of patients with obesity. They can 
become Diplomates of the American Board 
of Obesity Medicine. In this chapter, we 
briefly review the recommendations and 
guidelines for the screening and treatment 
of obesity, the current provision of obesity 
care, the barriers to practice among primary 
care providers, and the creation of the obe-
sity medicine specialist.

Recommendations and Guidelines 
for Screening and Treatment

There has been an emergence of clinical 
guidance for adult obesity treatment, both 
in the form of evidence-based clinical guide-
lines and in practical consensus recommen-
dations (Table 24.1). Clear, science-based 
guidelines are particularly important in the 
field of obesity management, where confu-
sion, dogmatic beliefs, and dueling practices 
are common.

The first obesity management guidelines, 
published by the National Heart, Lung, and 
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Blood Institute (NHLBI) in 1998, filled a 
critical void for obesity medicine and es-
tablished many of the best-practice recom-
mendations that continue to be used today 
(Pi-Sunyer et al., 1998). However, these 
guidelines were limited, did not adhere to 
evidence-based guideline development, and 
were not kept updated. In recent years, sev-
eral guidelines and recommendations have 
been published to extend the initial NHLBI 
guidelines. Most notably, updated, evidence-
based guidelines published by the American 
Heart Association (AHA), American Col-
lege of Cardiology (ACC), and The Obesity 
Society (TOS; Jensen et al., 2014), and those 
published by the Endocrine Society (Apo-
vian et al., 2016) and the American Asso-
ciation of Clinical Endocrinologists (AACE; 
Garvey et al., 2016) offer authoritative rec-
ommendations for clinical obesity practice.

Published 15 years after the initial NHLBI 
guidelines, the 2013 AHA/ACC/TOS Guide-
line for the Management of Overweight and 
Obesity in Adults, originally launched by 
NHLBI and disseminated by the three so-
cieties, provides in-depth guidance on five 
key areas of weight management and obesity 
treatment (Jensen et al., 2014). The guidelines 
were developed based on high-level systemat-
ic literature reviews, guided by strict criteria 
for acceptability of studies, with a primary 
focus on (1) randomized controlled trials; (2) 
graded recommendations; and (3) specific, a 
priori-defined outcomes, inclusion and ex-
clusion criteria, populations, and subgroups. 
They adhere to the Institute of Medicine’s 
(IOM) criteria for the development of guide-
lines (Graham, Mancher, Miller Wolman, 
Greenfield, & Steinberg, 2011). The central 
findings and recommendations include:

•• Use body mass index (BMI) as a first-line 
screening tool for weight status classifica-
tion.

•• Initial goal of treatment is a moder-
ate weight loss of 5–10% of initial body 
weight, with evidence that as little as 
3–5% weight loss leads to improvements 
in risk factors.

•• Caloric reduction should be the primary 
objective of all diets, with dietary compo-
sition based on personal preference and 
potential for comorbidity improvement; 
no single diet is clearly superior.

•• Intensive, multicomponent lifestyle coun-
seling should be offered to patients, in-
cluding access to at least 14 sessions over 
the initial 6 months and long-term follow-
up for at least a year.

•• Bariatric surgery should be considered in 
appropriate patient candidates with severe 
obesity.

Though scientifically rigorous and in-
depth, a clear limitation of the AHA/ACC/
TOS guideline is its limited scope. It focuses 
on just five key questions out of 23 initially 
proposed, due to the expense, time, and dif-
ficulty that covering additional topics would 
require. Moreover, the guideline focuses on 
the highest threshold of evidence for the rec-
ommendations, primarily randomized con-
trolled trials of relatively long duration (> 6 
months) and high subject retention. For this 
reason, much of the published literature is 
excluded, including most observational re-
search and studies of self-reported outcomes. 
Notably absent are recommendations on 
pharmacotherapy, behavioral medicine, and 
physical activity.

To expand on these recommendations, 
several other guidelines have been created. 
In 2015, the Endocrine Society published 
clinical practice guidelines focused on obe-
sity pharmacotherapy to fill a key gap in the 
AHA/ACC/TOS guidelines. The Pharmaco-
logical Management of Obesity guidelines 
focus on systematic reviews of evidence for 
pharmacotherapy options and prescribing 
practices, but also include broader sugges-
tions on best clinical practices based on ex-
pert consensus (Apovian et al., 2016). “Rec-
ommendations” in the guidelines are based 
on high-quality evidence, whereas clinical 
“suggestions” are based on consensus opin-
ion. Core recommendations include the fol-
lowing:

•• Prescribe pharmacotherapy for obesity as 
an adjunct to diet, exercise, and behavior 
modification for individuals with BMI 
> 30 kg/m2 or > 27 kg/m2 with at least 
one comorbidity; for individuals who are 
unable to lose or successfully maintain 
weight loss; and for individuals who meet 
label indications.

•• Continue pharmacotherapy if the patient 
has lost at least 5% of initial body weight 
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within 3 months of use; if not, discontinue 
and seek alternative approaches.

•• In patients with uncontrolled hyperten-
sion and/or history of cardiovascular dis-
ease (CVD), do not use sympathomimetic 
agents.

•• Use weight-losing and weight-neutral 
medications as first- and second-line ther-
apies and discuss potential weight gain ef-
fects of medications with patients.

•• Use a shared decision-making process in 
selecting medications, providing patients 
with estimates of the weight loss effects of 
each possible medication.

Additional clinical consensus recom-
mendations from AACE and the Obesity 
Medicine Association (OMA) add to these 
evidence-based guidelines. The AACE obe-
sity management algorithm was developed 
primarily for clinical endocrinology practice 
as part of a broader set of diabetes preven-
tion and treatment guidelines (Garvey et al., 
2014). The AACE process accepted a broad-
er range of evidence, including observational 
data and expert opinion, and did not explic-
itly grade the strength of recommendations. 
An updated iteration focuses explicitly on 
obesity, independent of diabetes prevention, 
and includes evidence grading (Garvey et 
al., 2016). A notable difference of the AACE 
guidelines is the explicit recommendation 
for complication-centric assessment. The 
presence of obesity comorbidities, in addi-
tion to anthropometric measures such as 
BMI, guides treatment indication, intensifi-
cation, and goals, with the intent of target-
ing the most aggressive treatments to those 
who might derive the highest benefit. The 
OMA obesity algorithm, essentially a “tool-
kit” for obesity-focused and primary care 
clinicians, is the most inclusive of the recent-
ly published guidelines (Seger et al., 2016). 
This algorithm is not intended as an objec-
tive evidence review, but rather as a broad, 
practical, expert-opinion-based overview of 
obesity medicine concepts. In contrast to the 
other guidelines, it is descriptive (i.e., “Here 
are the options”) rather than prescriptive 
(i.e., “Do this”). For example, it lists ben-
efits and weaknesses of several body weight 
classifications (e.g., BMI, waist circumfer-
ence, body composition) but does not offer 
authoritative recommendations or hierarchi-
cal grading of evidence for their use.

In addition to these clinical guidelines, 
the U.S. Preventive Services Task Force 
(USPSTF) has offered its own recommenda-
tions for treatment of obesity. The USPSTF 
is an independent panel appointed by the 
Department of Health and Human Services’ 
Agency for Healthcare Research and Qual-
ity (AHRQ) to provide recommendations 
for preventive services in primary care based 
on robust systematic reviews. It published 
strong recommendations to screen all adults 
for obesity and offer intensive, multicompo-
nent, behavioral intervention for those in-
dividuals (Moyer et al., 2012). Coverage of 
USPSTF recommended services is required 
by the Affordable Care Act. Further, broad, 
science-based recommendations on dietary 
intake, via the 2015 Dietary Guidelines for 
Americans (U.S. Department of Health and 
Human Services & U.S. Department of Ag-
riculture, 2015), and physical activity, via 
the “2008 Physical Activity Guidelines for 
Americans” (U.S. Department of Health 
and Human Services, 2008), offer addition-
al guidance for practitioners and patients on 
behavioral goals relevant to obesity manage-
ment.

Although there are some differences be-
tween the published guidelines, these are 
dwarfed by overwhelming agreement. Sev-
eral general concepts are consistent among 
the guidelines:

•• Obesity is a chronic disease requiring 
long-term management.

•• Patients should be appropriately screened 
for obesity.

•• Practitioners should understand and be 
prepared to address obesity using a col-
laborative, shared decision-making ap-
proach.

•• Use of appropriate treatment modalities 
should be considered, as indicated.

•• Multicomponent interventions are pre-
ferred over individual treatments.

Current Provision of Obesity Care

Current practice and provision of obesity-re-
lated care, including screening, counseling, 
treatment, and documentation, are largely 
inconsistent with the published guidelines. 
Despite clear and uniform recommenda-
tions to measure weight status and screen 
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for obesity, few patients receive these basic 
practices. For example, a 2013 analysis of 
electronic medical record (EMR) data from 
25 primary care practices found that one-
third of patients did not have BMI informa-
tion recorded (Baer, Karson, Soukup, Wil-
liams, & Bates, 2013). Among those whose 
BMIs were recorded, only 17% of patients 
with a BMI > 25 kg/m2 received a formal 
diagnosis of overweight, and just 30% of 
patients with BMI > 30 kg/m2 had a formal 
obesity diagnosis documented in the EMR. 
Among 9,827 patients in a Mayo Clinic pri-
mary care data base, just 5% of all patients 
received a diagnosis of obesity, despite 26% 
having recorded BMIs greater than 30 kg/
m2 (Bardia, Holtan, Slezak, & Thompson, 
2007). A 2011 NHANES analysis of 7,090 
individuals showed that only 45% of pa-
tients with BMI > 25 kg/m2 were told by 
a physician that they were overweight, and 
just 66% of patients with BMI > 30 kg/m2 
received a diagnosis of obesity (Post et al., 
2011). Even those with severe and extreme 
obesity are frequently undiagnosed. A 2010 
analysis of more than 6 million EMR records 
showed that fewer than 23% of individuals 
with BMI of 35–40 kg/m2 received a formal 
obesity diagnosis, and 43% of patients with 
BMI > 50 kg/m2 had no diagnosis (Craw-
ford et al., 2010). Lastly, in a 2014 study of 
33,718 patients receiving bariatric surgery, 
fewer than 40% had a documented Interna-
tional Classification of Diseases–9 (ICD-9) 
diagnosis of severe obesity (278.01) prior to 
surgery (Hatoum et al., 2016).

Similarly, provision of basic counseling 
for individuals with obesity is limited. In a 
study assessing 16 outpatient clinics, only 
2% of patient discussions included mention 
of BMI, and only 1% mentioned waist cir-
cumference (Antognoli et al., 2014). Among 
1,002 male firefighters surveyed, 69% of 
subjects overall and 48% of subjects with 
obesity reported never having received 
weight loss advice from their health care 
provider (Wilkinson et al., 2014). Although 
the likelihood of receiving weight loss advice 
increased with age and severity of obesity, 
just 67% of persons with BMI > 35 kg/m2 
received weight loss advice from their health 
care provider. Moreover, data from the Na-
tional Ambulatory Medical Care Survey 
suggest that obesity counseling may be de-
clining: Among 32,519 adult primary care 

visits, obesity counseling was provided in 
7.8% of visits in 1995–1996 and in 6.2% 
of visits in 2007–2008 ( Kraschnewski, 
Sciamanna, Pollak, Stuckey, & Sherwood, 
2013). In 2012, just 4.9 visits per 100 per-
sons, ages 20 and over, were for obesity, 
amounting to 2% of all visits by nonpreg-
nant, nonpostpartum adults (Talwalkar & 
McCarty, 2016). Although obesity coun-
seling is recommended in primary care and 
covered for Medicare beneficiaries, fewer 
than 10% of 1,000 primary care providers 
surveyed reported using the Current Proce-
dural Terminology (CPT) code for obesity 
counseling (G0447; Petrin, Kahan, Turner, 
Gallagher, & Dietz, 2016).

One study that assessed content of obe-
sity counseling discussions found that only 
35% of weight-related conversations offered 
assessment and treatment recommendations 
consistent with those recommended by the 
initial NHLBI guidelines (Antognoli et al., 
2014). A 2013 systematic review found that 
most physicians only prescribe one or two in-
terventions to their patients, rather than of-
fering counseling on the range of treatment 
options, and rarely refer to dietitians or obe-
sity specialists (van Dillen, van Binsbergen, 
Koelene, & Hiddinka, 2013). The review 
found that current weight counseling fixates 
on general education, such as informing pa-
tients of the risks of obesity or the benefits of 
weight loss, rather than specific behavioral 
guidance. Counseling also tends to be overly 
confrontational, with little opportunity for 
collaboration or realistic goal setting, and is 
unlikely to promote actual lifestyle changes. 
Although nine medications are approved for 
obesity treatment, fewer than 2% of eligible 
patients with obesity receive pharmacother-
apy for obesity as part of their management 
plan (Xian, Kelton, Guo, Bian, & Heaton, 
2015; Zhang, Manne, Lin, & Yang, 2016). 
Most recently, a review of weight loss pro-
grams in a large metropolitan area found 
that 91% had low adherence to the AHA/
ACC/TOS guidelines (Block, DeSalvo, & 
Fisher, 2016).

Barriers to Obesity Care

Numerous barriers to care underlie the dis-
parities between guidelines and practice. 
Physicians primarily cite time limitations, 
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insufficient reimbursement, and lack of 
training as barriers. A focus group of inter-
nal medicine, family medicine, obstetrics 
and gynecology (OB-GYN), pediatrics, and 
nurse practitioner providers cited payment 
as the top barrier to treatment for obesity. 
Other treatment barriers included time con-
straints, legal issues, perceived inconsistency 
between guidelines and available resourc-
es, and concern that discussions regarding 
weight might be offensive or be perceived as 
“lecturing” (Ayres & Griffith, 2007). An-
other focus group of general practitioners, 
nurse practitioners, and patients echoed 
these findings, particularly the difficulty of 
educating patients within a constrained time 
frame and a cumbersome referral process. 
Several physicians viewed obesity as a non-
medical issue that did not fall under the re-
sponsibility of the physician (Gunther, Guo, 
Sinfield, Rogers, & Baker, 2012). In a survey 
of 1,000 primary care providers, including 
family practitioners, internists, OB-GYN 
physicians, and nurse practitioners, the three 
greatest reported barriers to improved obesi-
ty counseling were time constraints, lack of 
training in obesity management, and limited 
reimbursement (Kahan & Zvenyach, 2016).

Among the barriers cited, lack of training 
in obesity management and related skills, 
including nutrition and physical activity 
counseling and behavioral medicine tech-
niques, is one that requires particular at-
tention. Fewer than 30% of medical schools 
meet the minimum National Academy of 
Sciences (NAS) recommended hours of 
education devoted to nutrition and physi-
cal activity. The time devoted to nutrition 
and physical activity education in medical 
schools has decreased from an average of 
22.3 hours in 2004 to 19.6 hours in 2009 
(Adams, Kohlmeier & Zeisel, 2010). A re-
view of obesity coverage on medical licens-
ing examinations showed that few obesity-
specific test questions were included, and 
the vast majority of obesity-related ques-
tions were focused on obesity comorbidities 
rather than obesity science or management 
itself (Kushner et al., 2015). A survey of 290 
primary care physicians conducted by the 
Strategies to Overcome and Prevent (STOP) 
Obesity Alliance found that 72% of those 
polled said that neither they nor anyone in 
their practice had any training in obesity di-

agnosis or management (STOP Obesity Al-
liance, 2010). Among 87 internal medicine 
residents, 60% did not know the basic BMI 
cutoff for diagnosing obesity; 69% did not 
recognize waist circumference as a reason-
able measure of overweight/obesity; 39% 
incorrectly reported their own BMI; only 
44% felt qualified to treat obesity; and 31% 
felt that obesity treatment was futile (Block 
et al., 2003). A survey of 315 academic fac-
ulty physicians and residents showed similar 
results, with 48% of practicing physicians 
being unable to adequately counsel patients 
about common obesity treatments (Jay et al., 
2008). Among 500 primary care physicians 
polled in 2012, 48% felt that dietitians were 
more qualified to help patients with obesity, 
41% believed that physicians were the most 
qualified to help, and 44% reported success 
in helping their patients with obesity lose 
weight ( Bleich et al., 2012).

Concerns about time limitations and in-
sufficient reimbursement are consistent with 
similar concerns related to provision of pre-
ventive services. A 2003 study estimated 
that it would take 7.4 hours per day to sat-
isfy USPSTF recommended services in pri-
mary care (Yarnall, Pollak, Ostbye, Krause, 
& Michener, 2003). However, in the past 
few years, several policies have been intro-
duced to increase the feasibility of primary 
care screening and management of obesity. 
In 2011, the Centers for Medicare and Med-
icaid Services issued a national determina-
tion memo to cover intensive obesity coun-
seling in primary care settings, consistent 
with USPSTF guidelines and without cost-
sharing (Centers for Medicare and Medicaid 
Services, 2011). The Affordable Care Act 
mandates coverage for obesity preventive 
services, including screening and counsel-
ing for obesity, though most plans do not 
cover obesity treatments such as weight loss 
programs, pharmacotherapy, and bariatric 
surgery (Kahan & Zvenyach, 2016). EMR 
incentive programs also support documenta-
tion of BMI and follow-up care for patients 
with obesity (Centers for Medicare and Med-
icaid Services, 2009). In 2013, the American 
Medical Association issued an official policy 
recognizing “obesity as a disease requiring 
a range of medical interventions to advance 
obesity treatment and prevention” (Ameri-
can Medical Association, 2013). In 2014, an 
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official letter by the U.S. Office of Person-
nel Management, which is responsible for 
health insurance coverage for nearly 9 mil-
lion Americans and serves as an important 
benchmark for private health plan coverage 
determinations, explicitly stated that obe-
sity exclusions are no longer permissible in 
health plans (Office of Personnel Manage-
ment, 2014). Unless overturned by Con-
gress, these and other policy developments 
should improve access to and reimbursement 
for obesity counseling and other services, 
and also contribute to improved provision 
of care.

Creation of Obesity Medicine Specialists
Rationale
It is clear from the previous discussion that 
more needs to be done to increase the com-
petency of physicians to provide obesity 
care. One integral aspect of increasing com-
petency is improving the inadequate training 
that medical students, residents, and physi-
cians receive during undergraduate, gradu-
ate, and postgraduate education, respec-
tively. In 2007, the Association of American 
Medical Colleges (AAMC) published a Con-
temporary Issues in Medicine Report VIII 
statement, “The Prevention and Treatment 
of Overweight and Obesity” (Association of 
American Medical Colleges, 2007). The re-
port concluded by stating:

Medical education must assume that future 
physicians will be better prepared to provide 
respectful, effective care of overweight and 
obese patients and to appropriately participate 
in overweight/obesity prevention efforts. Edu-
cation on assessing, preventing and treating 
overweight and obesity should be included in 
basic science, clinical experiences, and popula-
tion health sciences.

Others have voiced similar recommen-
dations, including a call for improved resi-
dency training (Colbert & Jangi, 2013). The 
American Academy of Pediatrics and the 
American Academy of Family Medicine have 
responded to the needs of their members 
and trainees with grant funding to residency 
programs to develop residency curricula for 
obesity (American Academy of Family Phy-
sicians, 2010). Additionally, obesity-related 

topics are increasingly included in many 
continuing medical education (CME) live 
conferences and specialty seminars, and 
provided as online durable materials (Obe-
sity CE, 2016). However, despite the need to 
develop greater competency in obesity care 
and provision of evidence-based treatment 
modalities, implementation in the practice 
setting has been slow.

Development of the Obesity 
Medicine Specialty
Although a broad-based intervention is 
needed to adequately train current and fu-
ture health care providers in the prevention 
and treatment of obesity, initiatives have 
begun to immediately meet this increased 
need. The rationale for developing certifica-
tion in obesity medicine includes the follow-
ing arguments:

•• The increased prevalence and burden of 
overweight and obesity among U.S. adults 
and children present an important public 
health challenge that requires an expand-
ed and dedicated physician work force 
(Flegal, Kruszon-Moran, Carroll, Fryar, 
& Ogden, 2016; Ogden et al., 2016).

•• Obesity has recently been recognized as a 
chronic disease by several health care or-
ganizations including the American Medi-
cal Association (2013).

•• Steep increases in severe, complicated, 
and recalcitrant obesity demand specialist 
referral options for intensive care.

•• Certification would bring increased rec-
ognition and competency to the obesity 
field and may lay the foundation for im-
proved reimbursement for obesity care.

•• Offering a certification examination 
would increase the number of physicians 
choosing to train in obesity and/or seek 
obesity-related CME activities.

•• Over the next decade, anticipated advanc-
es in pharmacotherapy and surgical pro-
cedures and devices for obesity care will 
require specialty training and expertise.

•• There is an insufficient number of physi-
cians to provide perioperative care for the 
increasing number of patients undergoing 
bariatric surgery and placement of intra-
luminal devices.

•• Certified physicians can serve as clinical 
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and educational champions at local and 
national levels.

One of the first initiatives to create obe-
sity specialization is the SCOPE (Specialist 
Certification in Obesity Professional Educa-
tion) certification program, launched by the 
World Obesity Organization in 2003 and de-
signed for all health professionals. According 
to its website, SCOPE’s mission is to develop 
a coherent approach to obesity management 
through education and recognition of profes-
sional expertise in obesity and its manage-
ment (World Obesity, 2016). SCOPE equips 
health professionals with up-to-date, evi-
dence-based obesity management resources 
through e-learning online modules and live 
training courses. Certification is granted to 
those health professionals who demonstrate 
evidence of 6 months of practical experience 
related to obesity management within a med-
ical or allied health care professional setting, 
and who earn 12 points of credit through e-
learning and accredited courses.

Specialization efforts in the United States 
began with creation of the American Board 
of Bariatric Medicine (ABBM), established 
by the American Society of Bariatric Physi-
cians (ASBP) in 1997. Over the course of 10 
years, nearly 400 physicians were certified as 
ABBM diplomates. However, in 2007, The 
Obesity Society (TOS) felt that a broader 
approach was needed to further advance the 
field. Thus, TOS, along with 13 other pro-
fessional societies and organizational part-
ners, formed a Certified Obesity Medicine 
Physician (COMP) steering committee with 
the goal of establishing a new certification 
process. Involvement of multiple societies 
and organizations on the steering committee 
was instrumental for providing legitimacy to 
the process as well as a broad representation 
of the field of medicine. Under the direc-
tion of the Professional Examination Service 
(PES) as the vendor to guide the examina-
tion development process, a Practice Analy-
sis Task Force created the first-draft descrip-
tion of the specialized body of knowledge 
required by physicians of obesity medicine. 
Subsequently, 238 physicians from internal 
medicine, family practice, and pediatrics 
completed an Internet-based validation sur-
vey to assess importance and time spent for 
each item. The item-writing phase of the ini-

tiative was conducted from October, 2009 
through September, 2010.

The American Board of Obesity Medicine
Instead of creating two competing certifica-
tion pathways, the ABBM and the COMP 
steering committee cooperated to establish 
the American Board of Obesity Medicine 
(ABOM). After coordinating administrative 
and operational issues, the ABOM was in-
corporated as a nonprofit 501 c (6) corpora-
tion in Denver, Colorado in 2011. Whereas 
the content rubric and domains from COMP 
were used for the new examination struc-
ture, examination items were initially taken 
from both the ABBM and COMP as appro-
priate. Furthermore, a 12-member board of 
directors was formed in order to merge the 
two organizations and give representation 
to primary specialty boards from internal 
medicine, family practice, OB-GYN, pedi-
atrics, and surgery. The established mission 
of the ABOM is to serve the public and the 
field of obesity medicine by maintaining 
standards for assessment and credentialing 
of obesity medicine physicians. Certification 
as an ABOM diplomate signifies specialized 
knowledge in the practice of obesity medi-
cine and distinguishes a physician as having 
achieved competency in obesity care. The 
board describes an obesity medicine physi-
cian as follows:

•• A physician with expertise in the field of 
obesity medicine. This field requires com-
petency in and a thorough understanding 
of the treatment of obesity and the genetic, 
biological, environmental, social, and be-
havioral factors that contribute to obesity.

•• The obesity medicine physician employs 
therapeutic interventions that include 
diet, physical activity, behavioral change, 
and pharmacotherapy.

•• The obesity medicine physician utilizes a 
comprehensive approach and may collab-
orate with other specialists such as nutri-
tionists, exercise physiologists, psycholo-
gists, and bariatric surgeons, as indicated 
to achieve optimal results.

•• Additionally, the obesity medicine physi-
cian maintains competency in providing 
pre-, peri-, and postsurgical care of bar-
iatric surgery patients, promotes the pre-
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vention of obesity, and advocates for those 
who suffer from obesity.

The Examination and Certification Process
In order to maintain the highest standards of 
professional integrity, the ABOM partnered 
with the National Board of Medical Examin-
ers (NBME), the same premier organization 
that administers the three-step United States 
Medical Licensing Examination (USMLE) 
required for medical licensure in this coun-
try. The NBME serves two valuable func-
tions for the examination process: annual 
administration to candidates and quality im-
provement of the examination itself. By pro-
viding item-writing workshops, mentoring, 
and item editorial review, the ABOM Board 
and item-writing committee have been able 
to develop a unique skill set and high level 
of competency in item-writing construction. 
In turn, this expertise improves the quality 
and robustness of the examination to assess 
the candidates’ knowledge and practice ap-
plication.

The current examination rubric contains 
4 domains and 107 subdomains (Table 
24.2). The rubric was developed by a job 
task analysis conducted among primary care 
physicians in 2009 to identify core compe-
tency topics in obesity medicine. Overall, 
65%, 20%, and 15% of the examination 
items are allocated to content relevant to the 
entire life cycle, adults, and children/adoles-
cents, respectively.

In lieu of the paucity of fellowships avail-
able in obesity medicine, candidates for the 
ABOM examination are expected to gain 
knowledge about obesity through CME ac-

tivities and self-directed practice experience. 
ABOM certification qualifications include 
the following:

•• An active U.S. medical license
•• Completion of U.S. or Canadian medical 

residency
•• Active board certification in an Ameri-

can Board of Medical Specialties (ABMS) 
member board or osteopathic medicine 
equivalent

•• At least 60 credit hours of CME on obe-
sity topics recognized by the American 
Medical Association Physician Recogni-
tion Award (AMA PRA) Category 1 credit 
hours or successful completion of a clini-
cal fellowship that included at least 500 
hours of training in obesity or obesity-
related conditions

ABOM diplomates have time-limited board 
certification for 10 years. To recertify, dip-
lomates must maintain an active medical 
license, complete a minimum of 120 credit 
hours of CME on the topic of obesity, and 
successfully pass the examination.

ABOM Diplomates
Since provision of the first certifying exami-
nation in 2012, the number of candidates 
enrolling in the examination has steadily 
increased (see Figure 24.1). As of the 2016 
examination, there were 2,068 ABOM dip-
lomats, of which 52.8% were women. As 
an indication of a new specialty, 63.9% of 
diplomates have spent less than 5 years in 
the practice of obesity medicine. It is also 
interesting to note that the time spent de-
voted to obesity medicine varies among the 
diplomates: 38% spend less than a quarter 
of their time focused on obesity care; 31.2% 
allocate 25–50% of their time; and 19.4% 
dedicate more than 75% of their time exclu-
sively to obesity medicine. The first group is 
represented by family medicine or internal 
medicine primary care physicians who des-
ignate the equivalent of 1 day a week to obe-
sity care. In contrast, the group that devotes 
more than three-quarters of its time to obe-
sity is primarily represented by physicians 
who practice in a specialty care setting. 
Overall, 57.4% of diplomates help care for 
patients who have received bariatric surgery.

TABLE 24.2. ABOM Examination Rubric 
Domains, Subdomains, and Percentage 
Contribution

Domain
Percent of 

examination
Number of 
subdomains

Basic concepts 25 21

Diagnosis and 
evaluation

30 23

Treatment 40 37

Practice management  5 12
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What Is the Future of the ABOM?
The ABOM Board of Directors is carefully 
monitoring the changing climate of board 
certification and maintenance of certifica-
tion as guided by the ABMS and its member 
boards. The discipline of obesity medicine 
potentially meets several of the criteria for 
recognition as a subspecialty (e.g., it has a 
unique body of knowledge that cannot be 
fully incorporated into an existing disci-
pline, has clinical applicability, contributes 
to the scholarly generation of new informa-
tion, advances research in the field, and has 
an important social need). However, there is 
one essential stumbling block that precludes 
further movement in this direction (Ameri-
can Board of Internal Medicine, 2006). 
With the exception of a few fellowships, 
there is no formal, generalized training that 
provides supervision and direct observa-
tion for at least 12 months to demonstrate 
the competence needed for certification. All 
existing ABMS specialties and subspecialties 
meet this criterion. If it is officially adopted 
by the ABMS and member boards, focused 
practice and maintenance of certification 
recognition will be a potentially viable al-
ternative pathway for subspecialization. As 
of this time, the ABOM is proceeding as a 
stand-alone board. Under the direction of 
the NBME, the ABOM recently completed 

an updated practice analysis study to assess 
the knowledge, skills, and ability of physi-
cians so that the examination content and 
rubric remain relevant and up-to-date.

Conclusions

A number of obesity guidelines and recom-
mendations have recently been published to 
assist clinicians in the assessment and man-
agement of patients with obesity. However, 
provision of comprehensive obesity care in 
the primary and specialty care settings re-
mains challenging due to multiple practice-, 
system-, and patient-based factors. These 
barriers will not be easy to overcome. A 
multifaceted approach is required in order 
to assure that obesity is routinely addressed 
in these settings. Although creation of a new 
specialty of obesity medicine will not be 
sufficient to address the obesity crisis, Dip-
lomates of the American Board of Obesity 
Medicine can serve as referral resources, as 
well as local and national champions.
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Third-party reimbursement for obesity 
treatment is a complex subject. Relevant to 
the discussion is the evolution of framing 
obesity as a disease that should be treated 
medically. Governmental and nongovern-
mental programs present a mix of coverages 
and limitations. Successful advocacy for ex-
panding reimbursement of obesity treatment 
requires knowledge of evolving scientific re-
search and medical developments, as well as 
awareness of changes in health policy and 
the health care delivery system. In spite of 
numerous studies showing the deleterious 
effects of obesity on health and the benefits 
of evidence-based treatments, coverage for 
obesity treatments is lagging. This is an indi-
cator of continuing stigmatization and fail-
ure by physicians to treat obesity like other 
chronic diseases. Expanding coverage is es-
sential to addressing the lack of access to care 
for low-income patients, including members 
of minority groups, and incentivizing the de-
velopment of more effective treatments and 
research on comparative effectiveness. The 
movement away from fee-for-service meth-
ods of payment to value-based systems may 
make the utilization of obesity treatments 
more attractive.

This review principally considers reim-
bursement programs in Medicare, Medic-
aid, and managed care. It also covers chang-
es brought about by the Affordable Care 
Act (ACA) in Medicaid, private insurance, 
and employer wellness programs (The Af-
fordable Care Act is undergoing continuing 
legislative, regulatory, and market changes. 
Therefore, its provisions may change over 
time.) It does not include population-spe-
cific programs, such as the military’s health 
insurance program, the Veterans Adminis-
tration health services, the Indian Health 
Service, state employees, or coverage for 
institutionalized persons in long-term care 
facilities and prisons.

The high level of obesity in the United 
States imposes well-documented costs 
on the health care system, both directly, 
through medical expenses, and indirectly 
through, for example, lost productivity. 
Obesity ranks third, behind smoking and 
armed violence (including war and terror-
ism), in its global social burden: about $2 
trillion or 2.8% of global gross domestic 
product (GDP), approximately equal to the 
GDP of Russia or Italy. Lost productivity 
may be responsible for 70% of total costs. 
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According to the World Health Organiza-
tion Global Burden of Disease data base, “In 
the United States, armed conflict (and espe-
cially spending on the military) has the high-
est social and economic impact, and obesity 
is second; obesity generated an impact in the 
United States of $664 billion a year in 2012, 
or 4.1% of GDP” (Dobbs et al., 2014). High 
costs attributed to obesity indicate the many 
critical comorbid conditions that lead to 
great human suffering. Yet the public policy 
response across the globe has been poor, in-
consistent, and of limited effectiveness.

This inadequate response by policymak-
ers reflects the misunderstanding of obesity 
and the stigmatization of persons with obe-
sity, as well as the lack of direct and effective 
solutions. One glaring omission in public 
policy response is the lack of comprehensive, 
adequate third-party reimbursement for 
evidence-based obesity care. This omission 
reflects many inconsistencies endemic to 
any discussion of obesity. Should limited re-
sources be committed to prevention or treat-
ment? Are treatments effective in the long 
term? Is obesity the result of personality 
weakness in resisting temptations and estab-
lishing a healthy lifestyle? Would reimburs-
ing obesity treatments create a “moral haz-
ard,” in which poor behavior is encouraged 
by a safety net to limit the damage? How 
much would coverage cost, and should per-
sons with obesity be required to pay more 
for coverage?

Several studies and the experience of cli-
nicians persuaded the obesity community 
leadership in the late 1990s that greater 
third-party access would address the glar-
ing inequalities regarding those who receive 
treatment and those who do not (Lewis, 
Edwards-Hampton, & Ard, 2016). Because 
most patients pay for treatment out of pock-
et, it is usually the more financially secure 
patients who can afford treatment. It is safe 
to assume that expansion of third-party 
reimbursement would facilitate the provi-
sion of treatment, especially for those with 
a financial obstacle to receiving treatment. 
Excess mortality has been found among 
candidates for bariatric surgery who were 
subjected to extensive prior authorization 
processes (Flanagan, Ghaderi, Overby, & 
Farrell, 2016). A survey by Arterburn et al. 
(2008) showed that expanding insurance 

coverage of weight management programs 
may encourage more men and women to en-
roll in such programs.

Historical Perspective on Obesity 
as a Disease

In the 1990s, advocates for greater third-
party reimbursement adopted a strategy 
to change the categorization of obesity to 
a medical disease, as opposed to merely a 
lack of personal willpower, as a prerequisite 
for improving reimbursement. The idea of 
changing both policymakers’ and the pub-
lic’s perception of obesity was consistent 
with major scientific breakthroughs in the 
understanding of obesity, especially the dis-
covery of leptin and other neuroendocrine 
mediators that affect perceptions of hunger 
and satiety and contribute to body weight 
regulation. A consensus among obesity clini-
cians emerged that mere exhortations for re-
ductions in food consumption and increased 
levels of energy expenditure were unlikely to 
change the trends in obesity prevalence.

With the creation of a Washington, DC-
based advocacy organization, the Ameri-
can Obesity Association (AOA), a strategy 
evolved to have federal health care agen-
cies recognize obesity as a disease. (Mor-
gan Downey served as executive director of 
AOA from 1997 to 2006 and of The Obesity 
Society from 2006 to 2008.) AOA’s position 
that Medicare should recognize obesity as a 
disease was delivered in testimony on March 
1, 2000, before a Medicare Coverage Execu-
tive Committee (2000).

A paper published in 2001 was among the 
first to directly address reframing obesity as 
a disease rather than as a personal charac-
ter flaw (Downey, 2001). In 2001, the Social 
Security Administration removed obesity 
from a listing of impairments that facilitated 
determinations of disability. Following a 
petition from the AOA, the Social Security 
Administration reopened the rule-making 
process. In its final determination, the So-
cial Security Administration (2002) stated 
that “Obesity is a complex, chronic disease 
characterized by excessive accumulation of 
body fat.”

In 2002, the AOA petitioned the Internal 
Revenue Service (IRS) to allow the costs of 
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weight loss treatment to be included as a 
medical deduction on individual tax returns. 
The IRS responded by requesting documen-
tation that obesity is a disease. The AOA 
response argued that obesity met existing 
definitions of “disease” (e.g., an impairment 
of the normal functioning of the body, char-
acteristic signs and symptoms, and affecting 
mortality and morbidity). Following AOA’s 
response, the IRS reversed an earlier revenue 
ruling and accepted obesity as a disease, 
making physician-prescribed treatments 
eligible for the medical deduction (U.S. De-
partment of the Treasury, Internal Revenue 
Service, 2016). As the federal government 
moved to recognize obesity as a disease, so 
did professional societies. The Obesity Soci-
ety (formerly the North American Associa-
tion for the Study of Obesity) adopted a poli-
cy that recommended describing obesity as a 
disease (Allison et al., 2008). The American 
College of Clinical Endocrinology did so in 
2012, and the American Medical Associa-
tion recognized obesity as a disease in 2013.

In 2014, the Office of Personnel Manage-
ment, which oversees the Federal Employee 
Health Benefit program, advised participat-
ing insurance companies that they could no 
longer exclude drugs and surgery for weight 
management on the basis that these were 
“lifestyle” conditions. The letter, after not-
ing the applicability of the United States 
Preventive Services Task Force (USPSTF) 
recommendations, stated:

Given the impact of obesity on individual and 
population health, we also encourage issuers 
to provide enrollees with access to a full range 
of weight reduction treatment interventions. 
Issuers that specifically exclude coverage for 
weight reduction and/or management inter-
ventions should review the clinical rationales 
for those exclusions and document how enroll-
ees will receive appropriate care to achieve and 
sustain a healthy weight. (O’Brien, 2014)

Categorizing obesity as a disease was only 
the first step toward improving reimburse-
ment for obesity treatments. Acceptance by 
payers in both the public sector (e.g., Medi-
care and Medicaid) and the private sector 
(e.g., group health insurance) has lacked 
comprehensiveness and flexibility. Where 
there is coverage, it is frequently inadequate. 
Some payers cover bariatric surgery but not 

pharmacology. Where behavioral counsel-
ing or drugs are covered, limitations on the 
amount, duration, and frequency are incon-
sistent with the general rules for treating a 
long-term, chronic disease.

Public Sector Coverage
Medicare
The Medicare program is the country’s larg-
est health care reimbursement program, cov-
ering most persons age 65 years and older, 
as well as persons with disabilities covered 
by the Social Security Disability Insurance 
program. Medicare and Medicaid are ad-
ministered by the Centers for Medicare and 
Medicaid Services.

Up until 2004, the Centers for Medicare 
and Medicaid Services policy on obesity stat-
ed that “obesity itself cannot be considered 
an illness.” Therefore, no claims for treating 
obesity could be paid. After requests from 
the AOA and The Obesity Society, Centers 
for Medicare and Medicaid Services elimi-
nated this language. It is important to note 
that Centers for Medicare and Medicaid 
Services did not actively recognize obesity 
as a disease, instead adopting a neutral posi-
tion on the issue of classification. However, 
this reprieve created the opportunity for a 
more detailed Centers for Medicare and 
Medicaid Services review of specific obesity 
treatments (Glassman, 2004).

In 2006, Centers for Medicare and Med-
icaid Services reviewed bariatric surgery 
amid national concerns over the safety of 
the procedure. A Centers for Medicare and 
Medicaid Services Advisory Committee re-
view resulted in a significant turnaround, 
with a recommendation to expand coverage 
of bariatric surgery for patients with a body 
mass index (BMI) ≥ 35 kg/m2 and at least 
one comorbid condition (Centers for Medi-
care and Medicaid Services, 2013).

In 2003, the USPSTF recommended that 
“clinicians screen adult patients for obesity 
and offer intensive counseling and behavior-
al interventions to promote sustained weight 
loss for obese adults.” Centers for Medicare 
and Medicaid Services incorporated this 
recommendation as a covered service for 
Medicare beneficiaries in 2011 (Centers for 
Medicare and Medicaid Services, 2011). De-
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spite this progress, the Centers for Medicare 
and Medicaid Services policy has drawn 
criticism for several reasons. First, it requires 
patients to lose 3 kg or more after 6 months 
for intervention to continue, a policy that 
some regard as unreasonable, especially for 
members of high-risk groups. Second, the 
amount that can be charged to Medicare is 
quite low compared to other interventions. 
Third, the policy does not include nonphysi-
cian providers, notably registered dietitians 
and psychologists (Bennett, Steinberg, & 
Pogoto, 2015). Coverage of pharmacology 
for the treatment of obesity was explicitly 
excluded from Medicare by Congressional 
action in the enactment of Part D of Medi-
care (Medicare Prescription Drug, Improve-
ment, and Modernization Act of 2003). 
However, Medicare Advantage plans are 
allowed to exceed the scope of the defined 
Part D benefit, so some beneficiaries may 
have coverage (Baum et al., 2015). Efforts to 
amend Part D’s exclusion have been unsuc-
cessful to date.

Medicaid
The Medicaid program is a joint federal–
state health program serving low-income 
families with dependent children and per-
sons who are disabled. Medicaid and the 
Children’s Health Insurance Program pro-
vide acute and long-term health coverage 
for approximately 40 million children and 
adults. The ACA has expanded the popu-
lation covered by Medicaid in states that 
choose to participate in the expansion. It has 
been estimated that new enrollees in Med-
icaid would be approximately 14.7 million 
if each eligible individual chose to enroll. 
One out of three were expected to be obese 
(Decker, Kostova, Kenney, & Long, 2013).

All Medicaid programs cover at least one 
obesity treatment modality. Montana and 
Mississippi explicitly exclude drugs and 
surgery for weight loss (Petrin, 2016). State 
Medicaid programs may request a waiver 
from the Department of Health and Human 
Services to cover obesity drugs, but few have 
taken advantage of this option (Lee, Sheer, 
Lopez, & Rosenbaum, 2010).

The ACA contains two provisions that 
provide a platform for advocacy to expand 
coverage of obesity treatments in the Medic-

aid program. These provisions apply to the 
contracts that states enter into with managed 
care organizations. Approximately 70% of 
Medicaid recipients receive services in man-
aged care organizations. The first provision, 
§1557, bans discrimination “based on health 
status or the need for health services or on 
race, color, national origin, sex, sexual ori-
entation, gender identity, or disability.” The 
nondiscrimination clause extends to both de 
facto as well as intentional discrimination. 
Clearly, obesity is both a “health status” as 
well as (in some cases) a “disability.”

The second provision allows for the pro-
vision of substitute services “in lieu” of 
covered services. This allows states to be 
innovative in developing evidence-based 
alternatives (Rosenbaum, 2016). The sys-
tematic exclusion of services (other than in-
tensive behavioral counseling) can be chal-
lenged as illegal discrimination, as substitute 
services “in lieu” of covered services, such as 
bariatric surgery and pharmacology, could 
be available for patients with obesity.

The ACA
In March 2010, Congress enacted the signa-
ture legislative accomplishment of President 
Barack Obama, the Patient Protection and 
Affordable Care Act (ACA). The primary 
goal of the ACA is to expand access to health 
insurance for persons who do not have cov-
erage due either to health or economic fac-
tors. The secondary goal is to control health 
care costs by including younger, healthier 
individuals in the health insurance pool and 
making structural changes to the health care 
delivery system.

In addition to expanding Medicaid, the 
ACA expands access to health insurance 
for uninsured individuals by creating state 
health marketplaces (formerly called ex-
changes). The marketplaces come in three 
varieties: state-administered, joint fed-
eral–state run, and federally administered. 
They have been described as an “Expedia” 
of health insurance, where one can enter 
one’s age, gender, smoking status, and in-
come to receive information about four po-
tential coverage plans (bronze, silver, gold, 
and platinum). Individuals can then pick 
the plan that gives them the best coverage at 
an affordable cost. The cheapest plans (i.e., 
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bronze) have high out-of-pocket costs and 
are designed for those who do not expect to 
have high medical expenses. The most costly 
plans (i.e., platinum) have high premiums 
but lower out-of-pocket requirements. Fed-
eral subsidies are available for low-income 
purchasers.

What are the health status characteris-
tics of the population expected to enroll in 
state exchanges/marketplaces? A study un-
dertaken by the Urban Institute investigat-
ed the population of individuals who were 
uninsured and without group insurance, 
and whose income was too high to qualify 
for Medicaid (approximately 16.1 million 
Americans). Interestingly, these individu-
als are significantly less likely than insured 
individuals to be obese (23.7 compared to 
27.2%), but are more likely to smoke (16.8 
vs. 13.7%). Even so, under this model, 3.8 
million adults with a BMI ≥ 30 kg/m2 be-
tween the ages of 19 to 64 years would be 
expected to join the health exchanges (Blum-
berg & Holahan, 2013).

Under the ACA, there are 10 minimum 
“essential health benefits” that each plan 
listed on the federal or state exchanges must 
provide: ambulatory care, emergency servic-
es, hospitalizations, maternity and newborn 
care, mental health treatment, prescription 
drugs, rehabilitative and habilitative services 
and devices, laboratory services, preventive 
and wellness services, and pediatric services. 
Centers for Medicare and Medicaid Services 
has established a “benchmark plan” for each 
state as a model for other plans to use. Un-
fortunately, this approach only institution-
alized the lack of adequate coverage in the 
private sector. The Obesity Care Continuum 
has provided a very helpful analysis of each 
state’s benchmark plan and obesity treat-
ment modalities (Gallagher, 2012). The cov-
erage of bariatric surgery is highly variable 
in these marketplaces (Yang & Pomeranz, 
2015). The ACA bans the imposition of an-
nual or lifetime limits, but only on essential 
health benefits, and excludes many plans 
that were in existence when the law was en-
acted. Therefore, limits can still be applied 
to bariatric surgery (U.S. Department of 
Health and Human Services, 2014).

Coverage of approved pharmaceuti-
cal products for the treatment of obesity is 
problematic. The final regulations require 

coverage of either one or more drugs from 
each class (as listed in the U.S. Pharmaco-
peia Model Guidelines), or the “benchmark” 
plan the state has selected as its model plan. 
Most benchmark plans do not include drugs 
approved by the U.S. Food and Drug Ad-
ministration (FDA) for weight loss. The U.S. 
Pharmacopeia Model Guidelines do not 
have a category of drugs for weight loss or 
appetite suppressants, even though the FDA 
(U.S. Food and Drug Administration, 2016) 
includes a “weight loss” category.

The regulations stress that an issuer “does 
not provide essential health benefits if its 
benefit design, or the implementation of 
its benefit design, discriminates based on 
an individual’s age, expected length of life, 
or present or predicted disability, degree of 
medical dependency, quality of life or other 
health conditions” (CCI Center for Consum-
er Information, 2015). The Department of 
Health and Human Services has undertaken 
investigations into whether some plans vio-
late the discriminatory benefit design stan-
dard in regard to mental health, autism, and 
Alzheimer’s disease coverages (Millman, 
2015). Appeals of adverse decisions may be 
required to obtain the necessary coverage.

Private Insurance

The private health insurance market has his-
torically provided little coverage of weight 
loss treatments (Cook, 2002). Neverthe-
less, companies such as Blue Cross and Blue 
Shield of North Carolina (2004) have started 
to lead the way, setting an example for other 
insurance providers (BCBSNC, 2004. Man-
aged care organizations (e.g., health main-
tenance organizations, preferred provider 
organizations, accountable care organiza-
tions, and state health care exchanges) are 
major providers of care through commercial 
insurance plans, Medicare, and Medicaid. 
To allow comparisons among programs, 
quality care standards are established and 
monitored by the National Committee on 
Quality Assessment (NCQA; 2015a).

The NCQA established standards for 
children and adolescents (ages 3–17) with 
obesity in 2008, after several years of de-
velopment and testing. The standards re-
quire evaluation of the child’s BMI per-
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centile, as well as nutritional and physical 
activity counseling. The assessment rate 
for BMI percentile assessment in 2014 was 
61% for commercial health maintenance 
organizations (HMOs) and 64% for Med-
icaid HMOs. Counseling for nutrition and 
physical activity in both categories ranged 
from 53 to 60%. Adult obesity assessment 
involves measuring the percentage of adults 
(ages 18–74) who had an outpatient visit and 
whose BMI was documented in the past 2 
years. Assessment rates in 2014 ranged be-
tween 75% for commercial HMOs and 92% 
for Medicare HMOs (NCQA, 2015b).

In the private insurance market, the ACA 
makes three major changes of interest for 
persons with obesity. First, it prohibits the 
denial of coverage based on “pre-existing 
conditions.” Many persons, especially those 
with a high BMI, can be unable to obtain 
any health insurance at all. In one study, 
lack of insurance coverage was the pre-
dominant reason why patients were not ac-
cepted for bariatric surgery (Tsuda, Barros, 
Schneider, & Jones, 2009). Another study 
indicated a rise in the number of patients 
forgoing bariatric surgery because of insur-
ance denials or unattainable coverage pre-
requisites (Sadhasivam, Larson, Lambert, 
Mathiason, & Kothari, 2007). Yet another 
study indicated that lack of health insur-
ance was the probable reason for the racial 
disparities in the receipt of bariatric surgery 
(Mainous, Johnson, Saxena, & Wright, 
2013). Another group of persons with obe-
sity may have health insurance but not have 
coverage for treatment of obesity. Changes 
to one’s health care coverage under the ACA 
depends, in large part, on which market or 
program a specific individual is in (e.g., has 
insurance through an employer or pays for 
an individual plan, is on Medicaid, or is un-
insured and not eligible for Medicaid).

The ACA requires that newer private in-
surance plans include free preventive servic-
es, including the USPSTF recommendation 
(see above) for intensive adult behavioral 
counseling at no charge to patients. The 
ACA also requires a robust and independent 
appeals process in §1001. It is often neces-
sary for persons with obesity to appeal deni-
als of claims. Formerly, these appeals were 
reviewed by the insurance company itself. 
Important and overlooked changes in the 

ACA are the new federal regulations for in-
ternal and external appeal processes. These 
new procedures may be especially helpful in 
cases of denial of bariatric surgery. Under 
the ACA, all consumers have the right to ap-
peal coverage decisions made by a health in-
surance company to an outside, independent 
decision panel.

Plans must have an internal claims appeal 
process in effect and provide notice to en-
rollees of the available internal and external 
appeals process and the availability of con-
sumer assistance. Plans must allow enrollees 
to review their files, present evidence and 
testimony, and receive continued coverage 
pending the outcome of their appeal (Internal 
Revenue Service, Employee Benefits, 2011). 
The three federal departments involved in 
implementing the ACA decided what types 
of adverse benefit determinations involved 
“medical judgments” and therefore could be 
appealed. Among those included were (1) “A 
plan’s general exclusion of an item or service 
(such as speech therapy), if the plan covers 
the item or service in certain circumstances 
(such as, to aid in the restoration of speech 
loss or impairment or speech resulting from 
a medical condition)”; (2) “Whether a par-
ticipant or beneficiary is entitled to a reason-
able alternative standard for a reward under 
the plan’s wellness program”; and (3) “The 
frequency, method, treatment, or setting for 
a recommended preventive service, to the 
extent not specified, in the recommendation 
or guideline of the U.S. Preventive Services 
Task Force, etc.” All three of these areas are 
applicable to obesity treatments.

The ACA also expands employer well-
ness programs. A full discussion of employer 
wellness programs is beyond the scope of 
this chapter. Nevertheless, health profes-
sionals should be aware that the ACA regu-
lations require employers who mandate em-
ployees to participate in a wellness program 
to provide employees with the opportunity 
to have their own physicians provide alter-
native programs, and that the company must 
pay for these programs (Downey, 2014a).

There are several systemic changes to the 
health insurance marketplace, which, al-
though not mandating coverage, may pro-
vide employers, payers, and policymakers 
with a data-driven platform on which to 
make future coverage decisions. For exam-
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ple, the ACA provides financial incentives 
for improved care and preventive health 
measures, including the prevention of obe-
sity. Affordable Care Organizations (ACOs) 
and the Medicare Shared Savings Program 
(MSSP) encourage individual and organiza-
tional providers to assume financial risk for 
defined populations of elderly and disabled 
citizens. Among MSSP and ACOs’ quality 
measures are BMI screening and follow-up, 
which are expected to benefit millions of 
Medicare beneficiaries. The same measures 
are incorporated in the Healthcare Effec-
tiveness Data and Information Set program 
of the NCQA.

Future Challenges

The evolution of third-party reimbursement 
for obesity treatment has often involved long 
discussions with policymakers, employers, 
and insurance companies. Throughout these 
discussions, several themes keep emerging. 
These include fears of high, added costs if 
treatments are covered; doubts about the ef-
fectiveness and safety of treatments; and the 
issue of individual responsibility. Prepara-
tion to engage these themes is essential for 
effective advocacy.

The Cost Issue
Many people look at the very high preva-
lence of obesity and raise concerns over how 
overweight or obese persons will utilize a 
new or expanded benefit. They could also 
argue that their wellness program and/or 
implementation of the intensive behavioral 
counseling preventive care benefit address 
the issue at low cost compared to an insured 
product, such as bariatric surgery. In re-
sponse, it may be helpful to point to several 
studies that report lower than expected uti-
lization of bariatric surgery and pharmacol-
ogy. For example, only 1.3–4.2% of weight 
loss medication users continued for over 1 
year (Hampp, Kang, & Borders-Hemphill, 
2013). Another study of 1.85 million pa-
tients found that the use of weight loss drugs 
was “rare,” at 0.6%. Many more patients 
used antihypertensive drugs (17.9%), anti-
depressants (14.2%), lipid-lowering drugs 
(17.9%), nonsteroidal anti-inflammatory 

drugs (NSAIDs; 12.1%) and antidiabetic 
drugs (7.8%; Zhang, Manne, Lin, & Yang, 
2016). Less than 1% of the clinically eligible 
population has bariatric–metabolic surgery 
(Dixon, 2015). It is also important to stress 
that education programs and encourage-
ment to eat more healthfully and to exercise 
more have been in place for decades, with 
little observable impact on the rates of obe-
sity. In the best cases, individual efforts for 
behavioral change produce small changes 
that are largely insufficient to achieve signif-
icant weight loss and affect the expression of 
comorbid conditions.

It is useful to look at the lack of cover-
age of obesity treatments in the context of 
stigma and discrimination in the workplace. 
Not only has stigma been documented in 
the hiring and promotion of employees who 
are obese, but other more subtle expressions 
of discrimination are evident. For example, 
there is a well-documented pattern of people 
with obesity, especially white women, receiv-
ing lower compensation in companies that 
provide health insurance compared to their 
peers in companies that do not provide such 
benefits (Han, Norton, & Stearns, 2009). 
Lower compensation puts an additional bur-
den on the discretionary income available to 
employees with obesity. Personal expendi-
tures for people with obesity are higher than 
similar expenditures for people without obe-
sity, as documented in a study carried out 
by George Washington University School of 
Public Health and Health Policy (Dor, Fer-
guson, Langwith, & Tan, 2010). These ad-
ditional expenditures range between $6,518 
for men and $8,365 for women. Another 
possible cost of being obese is the penalty 
imposed in employer wellness plans for those 
who fail to meet specific weight loss met-
rics. Such penalties can be as high as 30% 
of the health insurance premium paid by the 
employer and employee for a single-person 
plan, about $5,000 in the current economic 
environment (Downey, 2014b). The accu-
mulation of lower compensation and higher 
costs can mean that employees with obesity 
have fewer resources for lifestyle changes 
and/or medical or surgical treatments for 
obesity.

Finally, there is the matter of equity. Em-
ployees who have a normal weight or have 
obesity will pay the same amount for health 
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insurance coverage and have similar deduct-
ibles and copayments. However, nonobese 
employees enjoy insurance coverage for their 
diseases; not so for employees with obesity, 
whose health insurance program excludes 
obesity treatments. Thus, the employees 
with obesity are actually subsidizing the 
health care of nonobese employees.

The absence of covered treatments for 
obesity allows for the progression of greater 
complications. Payers can look at nonsurgi-
cal treatments for obesity and conclude that 
many of the comorbid conditions related to 
obesity take years to develop. By that time, 
the thinking goes, the employee will have 
moved on to a different employer. So why 
pay now when the benefit may not be evi-
dent? In this environment, the ill effects of 
obesity continue to mature, becoming even 
more resistant to treatment.

Weight loss in persons with obesity can 
have a significant impact on health care 
costs. Cawley and colleagues showed that 
health care plans could expect savings from 
a 5% reduction in initial weight in people 
whose BMI exceed 40 kg/m2. In the el-
derly population alone, Medicare could 
save a considerable amount if seniors with 
a BMI of 30 kg/m2 or greater lost 10–15% 
of their weight, using weight loss drugs 
(Cawley, Meyerhoefer, Biener, Hammer, & 
Wintfield, 2015). Even modest weight loss 
in a low-income population may yield sig-
nificant effects. The Tennessee Medicaid 
Program (TennCare) partnered with the 
commercial program Weight Watchers to 
offer recipients participation in the Weight 
Watchers program. The mean weight loss 
for all participants was 1.9 kg (i.e., 1.8% 
of initial weight). (The average American 
adult gains 0.9 kg a year.) However, 20% of 
participants lost 5% or more of their initial 
body weight. After the program concluded, 
TennCare maintained the arrangement for 
all of its low-income population (Mitchell, 
Ellison, Hill, & Tsai, 2013).

Different payers will have different per-
ceptions of the cost of expanding coverage. 
For example, Medicare has an interest in 
seeing incoming beneficiaries have as low a 
weight as possible, because this may post-
pone the development of obesity-related 
conditions later in life. Lower weights would 
also be expected to reduce complications 

after surgery, decrease length of stay in hos-
pitals, and delay admission to rehabilitation 
facilities. Medicaid would also be interested 
in strategies to delay institutionalization in 
long-term care facilities for as long as pos-
sible. For example, one study estimates that 
obesity and related chronic diseases lead to 
a higher probability of entering a long-term 
care facility at a younger age, more long-
term care days before death, and higher life-
time long-term care costs paid by Medicaid. 
The authors project that, at the population 
level, overweight and obesity will induce 
1.3 billion or more long-term care patient 
days and $68 billion or more in Medicaid 
costs among Baby Boomers (Yang & Zhang, 
2014). Another study estimated that severe 
obesity costs state Medicaid programs al-
most $8 billion a year (Wang et al., 2015).

Employers and commercial payers may 
have more concern over what their competi-
tion is doing. However, they may be more 
interested in reducing absenteeism and costs 
of disability or worker’s compensation in-
surance. They may also be concerned about 
their future employees—that is, overweight 
or obese children in their catchment area.

Effectiveness of Interventions
Approximately 45 million Americans at-
tempt weight loss each year, and many are 
successful in the short term. However, up to 
50% of the lost weight is typically regained 
in the first year and the rest thereafter. It is 
well accepted in the public and among cli-
nicians that weight regain after weight loss 
is a common phenomenon. Too often, this 
regain is seen as indicating poor self-control 
or lack of willpower. However, research has 
identified the biological mechanism at work, 
called metabolic or adaptive thermogenesis. 
This mechanism reinforces the validity of 
categorizing obesity as a disease (Ochner, 
Barrios, Lee, & Pi-Sunyer, 2013). In fact, the 
metabolic changes favoring weight regain 
persist after weight loss for up to 1 year, pos-
sibly longer. According to the authors of one 
study, “One year after initial weight reduc-
tion, levels of the circulation mediators of 
appetite that encourage weight regain after 
diet-induced weight loss do not revert to the 
levels recorded before weight loss” (Sum-
ithran et al., 2011). Unfortunately, the obe-



 Coverage of Obesity Treatment 433

sity epidemic is of relatively recent origin, so 
many, if not most, treatments and preventive 
strategies were developed recently and have 
weak to poor success rates. But this disap-
pointing outcome is not unique to obesity. 
Many diseases that are well covered by in-
surance products, such as type 2 diabetes, 
hypertension, heart disease, and cancer, are 
still difficult to treat effectively, even with 
many more covered treatment options. Obe-
sity, like other long-term chronic diseases, 
is complicated, and treatment setbacks or 
recurrences are common. Poor third-party 
reimbursement is felt to be a disincentive in 
the development of new drugs, devices, and 
surgical approaches to finding more effec-
tive treatments.

Personal Responsibility
No conversation about providing help or 
resources goes on for very long without 
someone imploring, “What about personal 
responsibility?” On the surface, this ques-
tion is simply an attempt to direct the con-
versation away from a greater sense of so-
cial responsibility and turn the topic back to 
stigmatized views of persons with obesity. 
To be generous, such a statement may only 
reflect the marketing of numerous products 
and services for weight loss, as well as state-
ments from official health agencies asserting 
that weight regulation is up to individual. 
This is somewhat akin to saying that global 
economic problems can be cured by indi-
viduals balancing their checkbooks. The re-
sponse is “Yes, but. . . . ” Most diseases are, 
according to our current understanding, a 
mix of genetic (or epigenetic) factors, the en-
vironment, and personal behavior. There are 
numerous diseases that we can look to for 
comparison. Two of the diseases most ame-
nable to behavioral influence are melanoma 
and sexually transmitted diseases (e.g., HIV/
AIDS). Regarding melanoma, influences 
include genetic susceptibility (e.g., fair skin 
complexion), environmental exposure to 
sunlight, and failure to take personal pro-
tective measures. Nevertheless, treatments 
for melanoma, which can be very expensive, 
are well covered by insurance. No insurer 
says, “We are not covering your cancer be-
cause you could have worn long-sleeve shirts 
and a hat.” Likewise, most sexually trans-

mitted diseases can be prevented by simple, 
inexpensive, and widely available protection 
(e.g., condoms). Nevertheless, no insurer 
says, “We are not covering the costs of HIV/
AIDS treatments because you did not use a 
condom when you should have.” Yet this is 
precisely the type of reasoning that occurs in 
discussions of obesity. No one tells a person 
with type 2 diabetes or hypertension, “You 
did it to yourself—we are not going to help 
you,” or “You have to control your blood 
glucose by diet and exercise alone, without 
drugs.” With most diseases, personal re-
sponsibility or “self-management” is part 
of the discussion; with obesity, it is all too 
often the end of the conversation.

Implicit in these discussions is a view that 
persons with obesity have a personality de-
fect that impedes their ability to limit food 
intake and/or sustain a regimen of physical 
activity. Rather than ignore such views, it 
is helpful to see how research on personal-
ity and obesity provides us with enhanced 
understanding. A series of papers by An-
gela Sutin and colleagues offer some help-
ful insights. A study from 2011 found that 
the most disciplined consumers had lower 
rates of obesity, whereas large weight gains 
were found among consumers scoring high 
on measures of impulsiveness, low conscien-
tiousness, and willingness to take risks (Sutin, 
Ferrucci, Zonderman, & Terraciano, 2011). 
In another study, Sutin, Zonderman, et al. 
(2013) found that persons who rated high on 
impulsiveness, low on conscientiousness, or 
lacked discipline had high circulating levels 
of leptin, which pays a critical role in weight 
regulation, even after controlling for BMI, 
waist circumference, or inflammatory mark-
ers. A third paper asked whether weight gain 
or loss of 10% or more led to personality 
changes, specifically changes in impulsive-
ness and deliberation. The researchers found 
that compared to participants who remained 
weight stable, those who gained weight be-
came more impulsive. Those who did not 
gain weight showed a predicted decrease in 
impulsiveness. But contrary to their hypoth-
esis, weight gain was also associated with 
increases in deliberation. In other words, 
subjects who were gaining weight became 
more thoughtful before acting. The authors 
opined that as participants gained weight, 
they bought into the American stereotypes 
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about persons with obesity. So they saw 
themselves as more impulsive even as they 
were increasing in deliberativeness. There 
was no observable change in self-discipline 
(Sutin, Costa, et al., 2013).

Conclusions

Third-party reimbursement for obesity 
treatment stands at the crossroads of sci-
ence, stigma, health policy, and the dynam-
ics of changes in the health care delivery 
system. The move from fee-for-service re-
imbursement to value-based reimbursement 
may create positive incentives for addressing 
treatments for obesity. Third-party reim-
bursement is essential to make treatments 
for obesity accessible to low-income (often 
minority) populations, and to create incen-
tives for the development of new drugs and 
devices. The accumulation of more data 
about patients and their weight-related con-
ditions may demonstrate the usefulness of 
reimbursing for obesity treatments.

To date, efforts to expand third-party 
reimbursement have depended on the ef-
forts, usually uncoordinated, of profes-
sional societies, corporations, and advocacy 
groups. They have lacked a necessary focus 
on developing a strategy to expand coverage 
across a range of interventions and assist-
ing the most at-risk populations: those with 
severe obesity and low-income individuals 
and minorities. There also has been a lack 
of attention to the evolution of the health 
care delivery system, which may hold prom-
ise for greater attention to persons with obe-
sity. This is an unmet structural defect in 
the obesity field that must be fixed in order 
to facilitate continued progress in obesity 
treatments.
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The importance of giving special consider-
ation to racial/ethnic minority populations 
for addressing obesity as a public health and 
clinical challenge in the United States is a 
well-established principle. It addresses the 
changing demographics of the U.S. popu-
lation, as well as the above-average preva-
lence of obesity in some minority popula-
tions. The most recent obesity treatment 
guidelines acknowledge the need for a bet-
ter understanding of racial/ethnic differ-
ences in obesity-related health risks, espe-
cially in relation to African American and 
Hispanic/Latino populations (Jensen et al., 
2014). These guidelines also call for further 
research to identify appropriate approaches 
to behavioral as well as surgical treatments 
of obesity in different racial/ethnic groups. 
The additional recommendation for studies 
to evaluate approaches for translating treat-
ments to community settings has special rel-
evance to minority populations. There are 
substantial racial/ethnic differences within 
the sociocultural, physical, and economic 
environments that influence obesity.

This chapter highlights evidence sup-
porting the applicability of currently rec-

ommended treatment approaches to racial/
ethnic minority populations and considers 
theoretical and empirical evidence related 
to translating these approaches for effec-
tiveness with these populations. The review 
draws primarily on evidence from studies of 
African Americans, who are the most well-
studied minority population. The scope is 
limited to obesity treatment with lifestyle 
modification approaches, which are the 
major foci of clinical guidelines and impor-
tant as supportive approaches to both phar-
macological and surgical treatments. The 
scope of the chapter is limited to adults—
and adults influence children’s environments 
and behaviors. Effective treatment of obe-
sity in adults in minority populations can, 
therefore, be expected to also contribute 
to addressing the higher-than-average rates 
of obesity among children and adolescents 
in these populations (U.S. Department of 
Health and Human Services, Centers for 
Disease Control and Prevention, National 
Center for Health Statistics, 2015). Balan-
tekin, Wilfley, and Epstein (Chapter 39, this 
volume) discuss obesity treatment in chil-
dren and adolescents.
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Background
Minority Populations
The U.S. Census Bureau minority popula-
tion categories and selected demographic 
data for these population groups are shown 
in Table 26.1; data for non-Hispanic whites 
are included for reference. The main Cen-
sus Bureau minority populations are “black 
or African American,” “Hispanic or Latino 
American,” “American Indian or Alaska 
Native,” “Native Hawaiian or other Pacific 
Islander,” or “Asian American” (Humes, 
Nicholas, & Ramirez, 2011). However, 
each of these categories as well as non-
Hispanic whites are very heterogeneous 
and have limited specificity with respect to 
ethno–cultural–regional variation. More 
than a third of the U.S population is in a 
minority racial/ethnic category—that is, 
identifies in a category other than “white” 
and does not indicate Hispanic or Latino 
ethnicity. Hispanic or Latino Americans 
are the largest minority population (17%) 
overall; Hispanic and Asian Americans 
comprise the majority of the foreign-born 
population (Colby & Ortman, 2015). The 
overall U.S. population is expected to be-
come “majority” minority within the next 
three decades (Colby & Ortman, 2015). 
The term “majority–minority” is currently 
used to describe jurisdictions where minori-
ty populations constitute more than 50% of 
the population—for example, California; 
Washington, DC, Hawaii; New Mexico; 
and Texas (Humes et al., 2011).

Low socioeconomic status (SES) is rela-
tively more common among minority popu-
lations compared to whites, although this 
varies among subgroups, especially among 
Asian Americans (Macartney, Bishaw, & 
Fontenot, 2013; Ryan & Bauman, 2016; 
U.S. Department of Health and Human Ser-
vices, Office of Minority Health, 2016). Up 
to one-quarter of individuals live below the 
poverty line in some U.S. ethnic groups, and 
substantial proportions of minority popula-
tions have no regular source of health care 
(Table 26.1) (U.S. Department of Health 
and Human Services, Centers for Disease 
Control and Prevention, National Center for 
Health Statistics, 2015).

Prevalence of Obesity and Related 
Health Risks
Self-reported data on the percent of people 
with obesity, diabetes, and/or hypertension 
in each racial/ethnic group are also shown 
in Table 26.1 (Blackwell, Lucas, & Clarke, 
2014; U.S. Department of Health and 
Human Services, Centers for Disease Control 
and Prevention, National Center for Health 
Statistics, 2016a, 2016b). Self-reported data 
may underestimate prevalence but provide a 
picture of the group differences across the 
racial/ethnic categories. Except for Asian 
Americans, obesity prevalence is higher in 
minority than in white populations. As a ca-
veat, a BMI cutoff of 25 or 30 kg/m2 might 
seriously underestimate fatness-related met-
abolic risks in populations of Asian descent 
(World Health Organization Consultation, 
2004). For example, diabetes prevalence is 
higher in Asian Americans than in whites—
higher than would be expected based on the 
low prevalence of obesity at the BMI cutoff 
of 30 kg/m2 (Table 26.1). Non-Hispanic 
black and Native Hawaiian/Pacific popu-
lations are more likely than non-Hispanic 
white or the other minority populations to 
have hypertension.

Figure 26.1 shows the distribution of BMI 
≥ 25 kg/m2 by gender for the three largest 
racial/ethnic groups, for whom height and 
weight measurements are available from the 
National Health and Nutrition Examina-
tion Survey (NHANES; U.S. Department 
of Health and Human Services, Centers for 
Disease Control and Prevention, National 
Center for Health Statistics, 2015). Hispan-
ic and non-Hispanic white men have similar 
levels of overweight, but more Hispanic men 
have obesity (39 vs. 34%, respectively). A 
smaller percent of black men are overweight, 
but the percent with obesity is similar to that 
in Hispanic men (38%). Among men with 
obesity, more black men have class 2 (BMI 
= 35.0–39.9 kg/m2) or class 3 (BMI ≥ 40 
kg/m2) obesity. In women, the percent with 
obesity is higher in both black and Hispanic 
women compared to white women—highest 
in black women, among whom 32% have 
class 2 or class 3 obesity. This high preva-
lence at the upper end of the BMI distribu-
tion reflects baseline BMI levels that were al-
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ready higher than average when the upward 
BMI shift began in the U.S. population as a 
whole.

Race and Ethnicity as Obesity 
Treatment Variables

Special attention to race and ethnicity in 
considering approaches to obesity treatment 
is justified on theoretical grounds and is 
supported by empirical data. Potential path-
ways of interest are shown in Figure 26.2. 
Pretreatment variables that may alter obe-
sity treatment outcomes include biological 
or psychosocial and behavioral predisposi-
tions, as well as environmental contextual 
factors, which influence participation in 
and adherence to treatment. The behavioral 
and psychosocial factors operate at the indi-
vidual level but are conditioned, in part, by 
the sociocultural and environmental factors. 
The pathways shown are interdependent. 
Documented racial/ethnic differences occur 
in the direction of predisposing to excess 
weight gain or limiting treatment motiva-
tions or effectiveness.

Biological Predispositions
An example of a supposed biological dif-
ference is a “thrifty genotype” that predis-
poses to efficiency in caloric utilization and 
fat storage, and that might have conferred 
an evolutionary survival advantage for some 
ethnic groups in times of famine (Neel, 
1999). Efforts, however, to pinpoint such a 
gene have been unsuccessful. Among Ameri-
can Indians with a very high prevalence of 
obesity (for whom a genetic predisposition 
might be presumed responsible), obesity 
prevalence is much lower among people of 
the same heritage who live a traditional life-
style (Ravussin, Valencia, Esparza, Bennett, 
& Schulz, 1994). This finding suggests the 
influence of environmental factors. A large 
cross-national study showing a gradient of 
increase in obesity prevalence from Africa 
through the Caribbean to the United States 
also suggests that environmental exposures 
have a much larger role than genetic predis-
position among people of African descent 
(Luke, Cooper, Prewitt, Adeyemo, & For-
rester, 2001).

Whether or not genetically mediated, a 
lower resting energy expenditure in some 
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FIGURE 26.1. Combined prevalence and distribution of overweight and obesity in adults ages 20 years 
and over, age-adjusted and rounded to whole numbers, by race/ethnicity/gender; based on height and 
weight measurements in the National Health and Nutrition Examination Survey, 2011–2014. Data 
from U.S. Department of Health and Human Services, Centers for Disease Control and Prevention, 
National Center for Health Statistics (2015).
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racial/ethnic groups has been examined as a 
possible contributor to excess weight gain or 
to difficulty in losing weight (Allison, Nezin, 
& Clay-Williams, 1997; Foster, Wadden, 
Swain, Anderson, & Vogt, 1999; Goran & 
Weinsier, 2000; Weyer, Snitker, Bogardus, 
& Ravussin, 1999). For example, lower 
resting energy expenditure, which may be a 
function of ethnic differences in body com-
position, has been proposed as an explana-
tion for smaller weight losses observed in 
black versus white women. However, data 
to support this hypothesis have been contra-
dictory (Goran & Weinsier, 2000). Racial/
ethnic differences in regional fat distribution 
may influence obesity treatment effects on 
clinical outcomes as well—for example, dif-
ferences in the proportion of visceral fat at 
a given level of BMI or waist circumference 
(Camhi et al., 2011).

Psychosocial and Behavioral Predispositions
Weight loss motivations differ by race/eth-
nicity and tend to be lower in racial/ethnic 
minorities that have a high prevalence of 
obesity. These differences are usually attrib-
uted to cultural factors: that is, to differences 
in body image, particularly among women 
(Brown & Konner, 1987; Craig, 2009). Al-
though combined overweight and obesity af-
fect more than half of the populations in all 

of the ethnic categories, the perception that 
obesity is normative, if not physiologically 
normal, is likely to be more common in mi-
nority populations where prevalence is high. 
In addition, the common association of ex-
treme thinness or what appears to be too 
much weight loss with wasting illnesses such 
as cancer, tuberculosis, HIV/AIDS or sub-
stance abuse may foster the belief that being 
heavy is healthier than being thin. This be-
lief may, in turn, affect body image, stan-
dards of personal attractiveness, perceptions 
of whether a heavier or thinner body size 
is “healthier,” and motivations for seeking 
or continuing with weight loss treatment— 
particularly among those with obesity but 
no diagnosed comorbidities.

Standards of attractiveness vary across 
cultures, and it is now recognized that the 
preoccupation with thinness among women 
in the U.S. mainstream culture is not of the 
same intensity in some ethnic minority pop-
ulations. As described by Ritenbaugh (1982), 
obesity is a “culture-bound” syndrome—
that is, understandable only within a spe-
cific culture and with an etiology that “sum-
marizes and symbolizes core meanings and 
behavioral norms of that culture” (p. 351). 
In an account of the evolution of fat storage, 
distribution, and related attitudes, Craig 
(2009) refers to the survival advantages as-
sociated with excess fat storage as a protec-

FIGURE 26.2. Pathways of racial/ethnic differences on obesity treatment outcomes.
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tion against famine, noting that “Plumpness 
in women, particularly as lower body fat, 
evolved to ensure survival of the human race 
and thus became a rational cultural prefer-
ence supporting a biologic norm” (Craig, 
2009, p. 42). Very overweight individuals in 
almost all ethnic groups may aspire to weigh 
less. However, the cosmetic goal of achiev-
ing a slender body image may be much less 
common than expected on the basis of data 
in non-Hispanic white populations (Flynn 
& Fitzgibbon, 1998; Striegel-Moore, 1996). 
In addition, body image in African Ameri-
can women is strongly influenced by consid-
erations of shape and robustness as well as 
weight, and body size is not necessarily cen-
tral to the perception of oneself as attractive 
(Allan, Mayo, & Michel, 1993; Faith, Mani-
bay, Kravitz, Griffith, & Allison, 1998). 
This less negative experience of obesity may 
also apply to Hispanic/ Latino and other mi-
nority populations (Fiery, Martz, Webb, & 
Curtin, 2016).

Acceptance of a heavier body size may 
persist despite knowledge and medical ad-
vice indicating that obesity is associated 
with increased risks of diabetes and other 
chronic diseases, and in spite of exposure to 
mass media images and fashions that pro-
mote weight loss and smaller body sizes. 
Some cultural differences may fall along 
a continuum across populations, whereas 
others reflect qualitative differences in the 
way certain issues are viewed. At any given 
point in time, people will tend to judge their 
weight in reference to their peers or people 
in their social networks. Winston and col-
leagues demonstrated the direct association 
of social norms about obesity with the prev-
alence of obesity in the social networks of 
black and Hispanic adults (Winston et al., 
2015). Langellier and colleagues, based on 
an analysis of NHANES data within and 
across two time periods (1988–1994 and 
1999–2000), found several indications that, 
compared to whites, weight perceptions of 
black and Mexican Americans were less 
likely to align with clinical definitions of 
overweight or obesity and that weight loss 
motivations were lower and, in some cases, 
had declined more over time (Langellier, 
Glik, Ortega, & Prelip, 2015). Self-percep-
tions as overweight generally did not change 
in spite of increases in obesity prevalence 

and in mean BMI among those who were 
overweight, except that self-perceptions 
as overweight decreased among white and 
black women. Consistent with this finding, 
the percent who reported weight loss efforts 
in the past year declined by 10 percentage 
points in both female populations: from 67 
to 57% (p < .001) in white women and from 
63 to 52% (p < .001) in black women.

Eating and activity patterns are also root-
ed in cultural traditions and attitudes—for 
example, food preferences and preparation 
practices that add fat to foods or a pat-
tern of sedentary forms of entertainment 
and low levels of physical activity—which 
influence receptivity to behavioral change 
advice. Many Americans are insufficiently 
active according to national guidelines. The 
percent, however, of adults classified as 
“sufficiently active” in the 2012 National 
Health Interview Survey was lower than 
whites in all racial/ethnic minority popu-
lations (54% for non-Hispanic whites and 
41%, 43%, 46%, and 49%, respectively, in 
non-Hispanic blacks, Hispanics, American 
Indians/Alaska Natives, and Asian Ameri-
cans), except for Native Hawaiians/Pacific 
Islanders, among whom 70% were suf-
ficiently active. However, apart from and 
sometimes despite cultural preferences, eat-
ing and activity behaviors are strongly an-
chored in and influenced by contextual fac-
tors, such as where a person lives, his or her 
daily routines, and obligations at work and 
at home (Institute of Medicine, 2012; Ku-
manyika et al., 2008). These behaviors are 
also influenced by socioeconomic factors 
such as education, discretionary income, 
exposure to financial and other socioeco-
logical stressors, and a person’s ability to 
cope, as well as by health variables such as 
mobility limitations due to osteoarthritis. 
Some examples of environmental influences 
that are particularly relevant to racial/ethnic 
minority populations with a high prevalence 
of obesity are presented in Table 26.2 (Grier 
& Kumanyika, 2008; Institute of Medicine, 
2013; Kumanyika, Whitt-Glover, & Haire-
Joshu, 2014; Lovasi, Hutson, Guerra, & 
Neckerman, 2009; Yancey, Ory, & Davis, 
2006). Not all of the implied constraints 
can be overcome by the individual, even 
by one who is well motivated and has been 
counseled extensively.
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Evidence from Randomized Trials
African Americans
Findings that lifestyle modification inter-
ventions for weight loss were less effective 
with black than white Americans raise ques-
tions as to whether this is a consistent pat-
tern and, if so, why. For example, one study 
compared weight loss in black and white 
adults from two multicenter high blood 
pressure prevention trials: the Hypertension 
Prevention Trial (HPT) and the Trials of 
Hypertension Prevention, Phase 1 (TOHP I) 
(Kumanyika, Obarzanek, Stevens, Hebert, 
& Whelton, 1991). These trials recruited 
otherwise healthy adults with high-normal 

blood pressure and included treatment arms 
with weight loss alone or in combination 
with sodium reduction, each with a follow-
up of 36 and 18 months, respectively. Find-
ings indicated smaller initial weight losses 
in blacks than whites, particularly among 
women, but relatively similar trajectories of 
weight regain. No explanatory data for this 
pattern were available, although the authors 
discussed possible explanations based on 
differences in education, weight loss skills, 
social norms, or exercise.

Wing and Anglin (1996) compared weight 
loss outcomes of black and white partici-
pants randomized to receive a low-calorie 
diet or intermittent use of a very-low-calo-

TABLE 26.2. Aspects of Environmental Contexts That May Increase Risks of Developing Obesity 
and Decrease Responsiveness to Interventions

Food-related aspects Physical-activity-related aspects

Physical environment

•• Limited access to full-service supermarkets
•• Numerous fast-food outlets
•• Prominent advertisements for high-sugar, high-

fat foods inside of stores and outdoors
•• Limited availability of fresh fruits and vegetables
•• Provision of high-fat, high-sugar foods in 

schools, workplaces, and other community 
settings

•• Lack of public transportation

•• Heavy traffic
•• Poor air quality
•• Lack of pedestrian and cycling pathways
•• Concern about crime
•• Limited access to high-quality parks and 

recreation centers
•• Lack of safe and appealing school playgrounds

Economic environment

•• Unemployment or unstable employment
•• Low incomes
•• Costs of healthier foods and promotion of less 

healthy foods at low cost
•• Limited funds available for school meals
•• Prominence of fast-food and soft-drink 

companies as employers or funders of 
scholarships and community events and projects

•• Cost of supervised preschool and afterschool 
child care

•• Costs of private gyms
•• Marketing of digital devices and other sedentary 

forms of entertainment
•• Limited local investment in parks and 

recreational facilities
•• Lack of funds to hire trained physical education 

teachers in schools
•• Cost of supervised preschool and after-school 

child care

Sociocultural environment

•• High-fat, high-sugar foods in traditional cuisine
•• Awareness of or experiences with food insecurity
•• Child care and food related responsibilities of 

women
•• Body image and perceptions that relatively large 

body size is the cultural norm
•• High exposure to television commercials for food

•• Cultural attitudes about physical activity and 
importance of rest

•• Lack of social support or role models for active 
living

•• Fears about safety or for child safety
•• Gender norms about appropriate physical activity
•• Reliance on TV and digital devices for 

entertainment

Note. From Kumanyika, Whitt-Glover, and Haire-Joshu (2014). What works for obesity prevention and treatment in 
black Americans?: Research directions. Obesity Review, 15(Suppl., 4), 204–212. Copyright © 2014 Wiley. Reprinted by 
permission.
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rie diet over 1 year of treatment for type 2 
diabetes. They found smaller weight losses 
in blacks overall, regardless of intervention 
arm, with a steeper trajectory of weight re-
gain during months 6–12. The authors cited 
differences in baseline dietary intake and di-
etary changes during treatment, as well as 
poorer attendance during months 6–12, as 
possible reasons for their findings. Clinical 
outcomes for diabetes control were not sig-
nificantly different.

More recent studies that have compared 
weight loss outcomes for black and white 
participants include five multicenter trials 
of hypertension or of diabetes prevention or 
management: Phase II of the Trials of Hy-
pertension Prevention (TOHP II) with 36 
months of follow-up (Hebert et al., 1995; Ste-
vens et al., 2001); the Trial of Nonpharma-
cologic Interventions in the Elderly (TONE), 
with a median follow-up of 29 months (Ku-
manyika et al., 2002; Whelton et al., 1998); 
the PREMIER study (Funk et al., 2008; 
Svetkey et al., 2005) with 18 months of 
follow-up; the Diabetes Prevention Program 
(DPP) with an average of ~30 months of fol-
low-up (Knowler et al., 2002; West, Prewitt, 
Bursac, & Felix, 2008); and the Action for 
Health in Diabetes (Look AHEAD) study, 
which has reported long-term follow-up at 
4 and 8 years (Look Ahead Research Group, 
2014; Pi-Sunyer, 2014; Wadden et al., 2011). 
The most recent trials have included special 
provisions to recruit black participants and, 
in some cases, other minority populations 
in diverse geographic areas, and have well-
documented and executed interventions and 
excellent retention for follow-up.

Results of these several multicenter trials 
(i.e., HPT, TOHP I and the above-cited ad-
ditional five trials) were included in a sys-
tematic review by Wingo, Carson, and Ard 
(2014). The trials were somewhat compa-
rable in that the weight loss interventions 
all involved an intensive (i.e., weekly) period 
of group or individual counseling, or both, 
which focused on restricting calorie intake 
and increasing physical activity, with vary-
ing levels of continued counseling support 
during the follow-up period. Age groups 
and study populations varied and included 
young to middle-age adults with overweight 
or moderate level of obesity and at rela-
tively high risk of developing hypertension 

requiring pharmacological treatment (HPT, 
TOHP I, TOHP II); older adults already 
taking medications for high blood pressure 
but sufficiently well controlled to be po-
tentially managed by lifestyle interventions 
without medications (TONE); adults with 
overweight or obesity and at high risk of de-
veloping type 2 diabetes (DPP); and middle-
age and older adults with overweight/obe-
sity being treated for type 2 diabetes (Look 
AHEAD).

Smaller weight losses in black than white 
participants, in both men and women or 
women at 6 months (i.e., after the initial, 
most intensive phase of counseling), were 
a consistent finding of the systematic re-
view (Wingo et al., 2014). Blacks lost ap-
proximately 2–6 kg, compared to 5–8 kg in 
whites. The statistical significance of these 
initial weight losses, net of control, and of 
the black–white differences varied, but the 
same pattern was observed in six of the seven 
studies. The review did not include 6-month 
data from Look AHEAD but reported data 
for the period between 6 months and 1 
year, which showed the largest weight loss 
for both blacks (6.8% of body weight) and 
whites (9.6% of body weight), although still 
smaller in blacks, a difference that was sta-
tistically significant. Smaller weight losses 
for black than white participants were also 
observed in the other studies with a 6-month 
to < 1-year time period, except for men in 
the DPP (Wingo et al., 2014).

Concerns raised by the finding of a rela-
tively consistent pattern of less initial weight 
loss in blacks than whites, under the theoret-
ically ideal circumstances of multicenter ef-
ficacy trials, are mitigated by two additional 
findings from these studies. One is that the 
black–white differences in initial weight 
loss were attenuated over 1.5–3 years of 
follow-up, apparently associated with better 
maintenance of lost weight in blacks than 
whites (Wingo et al., 2014). This impression 
is strongly supported in the 8-year results 
from Look AHEAD (Look Ahead Research 
Group, 2014). The mean percent weight loss 
in Look AHEAD at 1, 4, and 8 years was 
6.4, 3.8, and 5.0%, respectively, among 
black participants and 9.4, 4.6, and 4.7%, 
respectively, among white participants. 
Only the 1-year black–white difference in 
weight loss of 3 percentage points was statis-
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tically significant; the percent weight loss at 
8 years was essentially the same. Although 
not included in the Wingo et al. (2014) re-
view, this impression of comparable weight 
maintenance in black and white participants 
after smaller initial weight losses was also 
observed in the Weight Loss Maintenance 
trial, which randomized participants who 
achieved a requisite level of initial weight 
loss to one of three maintenance conditions 
(Svetkey et al., 2012).

The other mitigating finding is that, de-
spite the smaller initial weight losses, the 
black participants obtained long-term im-
provements in blood pressure and diabetes 
status comparable to those observed for 
whites in the same study. Wingo et al. (2014) 
identified only one study in which this was 
not observed; weight loss among black 
women in the PREMIER study did not re-
sult in a significant change in blood pressure 
(Svetkey et al., 2005).

Hispanics/Latinos and other Racial/
Ethnic Groups
Both the DPP and Look AHEAD trials in-
cluded and reported subgroup analyses for 
Hispanic/Latino participants (Look Ahead 
Research Group, 2014; West et al., 2008). 
Look AHEAD also included American In-
dians, Asians, and Pacific Islanders, but 
the numbers of Asians and Pacific Islanders 
were too small to support separate statistical 
analyses. Weight losses and other outcomes 
for Hispanics in the DPP were comparable 
to those in the white participants over the 
course of the 3 years of follow-up. In Look 
AHEAD, weight losses in Hispanics and 
American Indians followed a similar pattern 
as those reported for black participants, i.e., 
significantly lower weight loss at 1 year but 
better maintenance than in whites, with no 
significant difference at the 8-year follow 
up).

Effectiveness of Lifestyle Interventions 
in Clinical and Community Settings

The longer-term findings from Look 
AHEAD, in particular, suggest that lifestyle 
modification interventions can be effective 
in diverse ethnic minority populations, par-

ticularly when strategies that support weight 
loss maintenance are available. Although no 
such efficacy data were identified for adults 
in Asian or Pacific Islander Americans, it 
is reasonable to assume that these strate-
gies would also apply to these populations. 
Thus, the question of how to translate these 
findings for effectiveness in clinical and 
community settings becomes critical. The 
highly selected participants and “best-case 
scenario” aspects of efficacy trials constitute 
artificial conditions that presumably are not 
replicable in day-to-day clinical settings or 
community programs generally, and per-
haps especially not in black and many other 
minority communities. Evidence on the ef-
ficacy-to-effectiveness continuum suggests 
that effects seen in efficacy trials are diluted 
when adapted and implemented in clinical 
and community settings (Glasgow, McKay, 
Piette, & Reynolds, 2001). Thus, the smaller 
weight losses that can be expected outside of 
specialized obesity treatment programs may 
become problematic where clinically signifi-
cant weight losses are less common even in 
efficacy trials. Evidence from weight loss tri-
als in racial/ethnic minority populations in 
clinical and community settings is still very 
limited. Summaries of evidence in African 
Americans are highlighted below.

DPP Translations
A systematic review of short-term weight 
loss outcomes of DPP translational studies 
with African Americans confirmed the ex-
pectation of notably smaller weight losses. 
Samuel-Hodge and colleagues identified 
17 DPP translation studies, of which 7 in-
volved all African American samples and 10 
involved mixed samples and reported sub-
group data for African Americans (Samuel-
Hodge, Johnson, Braxton, & Lackey, 2014). 
The mean weight loss and estimated rate of 
weight loss on a monthly basis for African 
Americans in the studies for which these 
could be calculated were compared with re-
sults for African Americans in the DPP (Fig-
ure 26.3). Compared with the 1.1 or 0.8 kg 
weight loss in African American men and 
women, respectively, in the DPP, mean loss 
in the translational studies was 0.5–0.7 kg 
per month. Samuel-Hodge et al. (2014) noted 
several differences between these studies 
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and the DPP, such as the higher proportion 
of women in the translational studies (68% 
in the DPP compared with 70–100% in the 
translational studies), the fact that only six 
of these studies included people with pre- 
diabetes or diabetes, and higher attrition 
rates (7% in the DPP vs. 18–22% on aver-
age and as high as 41% in the translational 
studies). Although the evidence from these 
heterogeneous studies was difficult to sum-
marize, the authors concluded that specific 
enhancements to the DPP, related to social 
support, stress reduction, as well as more 
staff training, might improve effectiveness.

Faith‑Based Programs
Faith organizations have also been used for 
several community-based weight loss pro-
grams with African Americans because of 

their central role as community institutions. 
A systematic review of faith-based interven-
tions that targeted diet, physical activity, or 
weight loss identified 27 studies; randomized 
controlled trials (RCTs), quasi-experiments, 
and single-group designs were included 
(Lancaster, Carter-Edwards, Grilo, Shen, 
& Schoenthaler, 2014). Statistically signifi-
cant changes in weight and other outcomes 
were reported by two-thirds of the studies 
that targeted weight loss, but this outcome 
applied to only two of the five RCTs as-
sessed. Significant findings for behavior 
change were reported by 7 of the 11 RCTs 
that reported such measurements. This re-
view was valuable for describing the differ-
ent approaches used and their potential im-
plications for further research, emphasizing 
that these approaches should be evaluated in 
more RCTs or quasi-experiments using the-

FIGURE 26.3. Comparisons of weight loss among African Americans (AA) in the DPP with that of 
African Americans in DPP translation studies. *Higher quality studies (left panel) were defined by the 
following three criteria: (1) randomized, controlled trial during the weight loss phase; (2) sample size 
> 30; and (3) intention-to-treat analysis or attrition < 20%. Studies not meeting this definition are in 
the right panel. †AA-only sample; ‡mixed sample; §nonrandomized controlled trials (during the weight 
loss phase); ¶completers-only outcome analysis. Adapted from Samuel-Hodge, Johnson, Braxton, and 
Lackey, M. (2014). Effectiveness of Diabetes Prevention Program translations among African Ameri-
cans. Obesity Reviews, 15(Suppl. 4), 107–124. Copyright © 2014 Wiley. Adapted by permission.
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ory-based approaches. Research needs iden-
tified by the authors included evaluation of 
the potential value of intervening at multiple 
levels of relevant social contexts (intra- and 
interpersonal, organizational, and neighbor-
hood/community level), as well as issues as-
sociated with incorporation of spiritual con-
tent and the involvement of church members 
as lay intervention providers.

Culturally Adapted Interventions
Kong and colleagues conducted a system-
atic review of 28 interventions (20 RCTs 
and 8 quasi-experiments) with data for 
African American women, of which 17 re-
ported statistically significant net improve-
ments in weight or dietary change (Kong, 
Tussing-Humphreys, Odoms-Young, Stol-
ley, & Fitzgibbon, 2014). All except four 
of the studies had solely African American 
participants, and most were conducted in 
churches, community centers, or health clin-
ics. The authors coded the interventions ac-
cording to Kreuter’s classification of types of 
cultural adaptation strategies as (1) periph-
eral (modifying characteristics of materials 
or other elements to be recognized as cultur-
ally relevant; (2) evidential (using ethnically 
based health information to contextualize 
the salience of the intervention for the popu-
lation; (3) linguistic (using language that 
increases accessibility of the information to 
the audience, including the use of languages 
other than English, entirely or in a bilingual 
format; (4) constituent-involving (using ex-
periences or input from the population of 
interest to inform the study design or pro-
cedures); and (5) sociocultural (incorporat-
ing content that aligns with the underlying 
beliefs, values, and group norms) (Kreuter, 
Lukwago, Bucholtz, Clark, & Sanders-
Thompson, 2003). Kong et al. also assessed 
the use of “tailoring,” an additional concept 
from Kreuter’s framework defined as adapt-
ing aspects of the intervention for individual 
characteristics. Tailoring can be contrasted 
with “targeting,” which usually refers to 
studies that focus on recruiting members of 
a particular group, but without necessarily 
tailoring to individuals within the group.

Key findings of this review with respect 
to cultural adaptations included the follow-
ing: Peripheral strategies were used by about 

half of the studies (15 of 28), primarily dur-
ing participant recruitment. Constituent-
involving and sociocultural strategies were 
each used by 23 of the 28 studies. Various 
forms of constituent involvement were used, 
and at various study phases. Sociocultural 
strategies included faith-based content, 
cultural foods, aspects of body image, and 
social support. Three studies mentioned 
health risks (evidential), and one adapted 
program materials for literacy appropriate-
ness (linguistic). Because most studies used 
at least two of the five types of cultural ad-
aptations, there was not a clear distinction 
in the categories of cultural adaptations that 
were associated with significant weight loss. 
In addition, the types of approaches within 
these categories differed. Kong et al. (2014) 
also recommended a more systematic basis 
for designing and reporting cultural adapta-
tions. Their impression was that the use of 
culturally adapted strategies was probably a 
positive factor in the number of studies that 
did show significant behavioral change, and 
that constituent involvement and individual 
tailoring were important approaches to in-
clude (Kong et al., 2014). A separate sys-
tematic review from the same group that fo-
cused on weight loss maintenance in African 
American women suggested that cultural 
adaptations were associated with preventing 
weight regain during the maintenance phase 
(Tussing-Humphreys, Fitzgibbon, Kong, & 
Odoms-Young, 2013)

Men in general and men in racial/ethnic 
minority populations are underrepresented 
in weight loss intervention trials (Pagoto et 
al., 2012). Authors of a systematic review 
of weight loss studies in African American 
men reported that there was insufficient evi-
dence to draw meaningful conclusions about 
effectiveness in community settings (New-
ton, Griffith, Kearney, & Bennett, 2014). 
This is a critical area for future research in 
African American communities, given that 
African American men have above-average 
risks of obesity-related diseases and ris-
ing obesity prevalence (U.S. Department of 
Health and Human Services, Centers for 
Disease Control and Prevention, National 
Center for Health Statistics, 2015). The ef-
ficacy and effectiveness of e-health interven-
tions in minority populations has also not 
been well studied to date but will become 
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an increasingly important approach to con-
sider, given that these interventions can be 
delivered through mobile devices (Bennett 
et al., 2014). Survey data indicate that 70% 
percent of black Americans and 71% of His-
panic Americans own a smartphone, com-
pared to 61% of whites (Smith, 2015).

The evidence in other minority popula-
tions includes promising reports about suc-
cessful approaches, for example: the Law-
rence Latino Diabetes Prevention Project 
(LLDPP) in Massachusetts (Merriam et al., 
2009; Ockene et al., 2012); the De Por Vida 
pilot study with Mexican American women 
in Portland, Oregon (Lindberg et al., 2012); 
the PILI ‘Ohana study with Native Hawai-
ians and Pacific Islanders (Kaholokula et al., 
2013, 2014); and strategies within American 
Indian communities described by Teufel-
Shone (2006). However, there appear to 
be few systematic reviews. Those identified 
found relatively few studies, often of poor 
quality (Bender, Choi, Won, & Fukuoka, 
2014; Corona, Flores, & Arab, 2016; Lind-
berg & Stevens, 2007).

The underlying issues for translational 
studies identified in the systematic reviews 
of data for African Americans may be appli-
cable to other minority populations. How-
ever, generalized approaches, even when 
based on certain principles, cannot meet the 
needs of diverse minority populations and 
subpopulations (National Heart, Lung, and 
Blood Institute, 1998). A program of well-
designed and conducted studies is needed 
within each population or in mixed studies 
with adequate subgroup sizes.

Conclusions and Implications

Despite the limitations of the evidence base 
on obesity treatment in minority popula-
tions, multicenter efficacy trials of obe-
sity treatment that have well-designed and 
executed interventions can result in clini-
cally significant and sustainable outcomes 
in diverse racial/ethnic groups. Some trials 
suggest that black women may face greater 
challenges in this respect, perhaps due to 
greater severity of obesity (see Figure 26.1). 
For example, in the DPP, the proportion 
of black women with BMI ≥ 35 kg/m2 was 
greater than in the other race/ethnicity– 

gender groups, and black women also com-
prised the group with the smallest weight 
loss and least favorable trajectory compared 
to the other groups (West et al., 2008).

The Look AHEAD group reported that 
at least modest initial weight loss was a 
key factor in successful long-term weight 
outcomes (Look AHEAD Research Group, 
2014). This study also reported that a 4-year 
lifestyle program achieved significant weight 
losses and clinical outcomes results among 
those with class 3 obesity that were compa-
rable to those with less severe obesity (Unick 
et al., 2011). Thus, finding accessible, afford-
able, effective, and scalable weight loss ap-
proaches emerges as a particularly pressing 
priority for black women within the overall 
priority for all ethnic minority populations 
with above-average obesity prevalence. Ac-
cording to a meta-analysis of 14 studies by 
Admiraal et al. (2012), black women and 
men receiving bariatric surgery appear to 
benefit in terms of diabetes remission in 
spite of the significantly lower percent (by 
about 8 percentage points) of excess weight 
loss in blacks than whites postsurgery. How-
ever, bariatric surgery is often an infeasible 
option for most people with severe obesity, 
and those who do have surgery will still 
need effective, culturally appropriate, life-
style modification counseling after surgery.

Whether the problem of limited effective-
ness of obesity treatment outside of efficacy 
trials is solvable through current approaches 
has been questioned. Available data indicate 
that cultural adaptations may help, particu-
larly if designed and applied in more rigorous 
study designs than has been the case to date. 
High attrition rates and low session atten-
dance are other areas needing attention. Al-
though the available data do not lend them-
selves to systematic analyses of the impact of 
these participation issues on outcomes, good 
retention and attendance in efficacy trials 
are closely linked to success in these trials. 
Selectivity of treatment populations for com-
munity and clinical programs—although 
not a major focus of reviews cited here—
may be worth considering as a contributing 
factor. Unlike efficacy trials, community- 
and clinically based programs may be open 
to “all comers,” leading to heterogeneity in 
treatment groups on variables such as health 
status, motivation, and a range of contex-
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tual factors. Stratifying treatment popula-
tions, or the use of adaptive designs or indi-
vidual tailoring to accommodate differences 
in predispositions, are possible approaches. 
Finally, Mitchell and colleagues have sug-
gested that community-based weight loss 
programs, including commercial programs, 
could meet the need for an infrastructure to 
support effectiveness studies with the poten-
tial to reach populations at large, including 
medically underserved populations (Mitch-
ell, Nassel, & Thomas, 2015; Mitchell, Pro-
chazka, & Glasgow, 2016). They mentioned 
four possible programs: The National Dia-
betes Prevention Program, which is based on 
the DPP; Jenny Craig; Weight Watchers; and 
TOPS (Take Off Pounds Sensibly). This line 
of reasoning merits further consideration.

The findings about cultural adaptations 
potentially influence all types of interven-
tions, approaches, and settings. The theo-
retical importance of such adaptations is 
meaningless unless they are conceptual-
ized, operationalized, assessed, and found 
to make a difference in outcomes. Informa-
tion about how and when these adaptations 
matter during the recruitment, enrollment, 
intervention, and follow-up process would 
also be needed. Interventions should strive to 
leverage social and cultural assets of minor-
ity communities to foster healthy eating and 
active living rather than only view cultural 
influences as “barriers” to be removed. Ap-
proaches based in faith organizations may 
be particularly promising in this respect, 
and strategies that partner with other types 
of well-established community organiza-
tions that offer access and resources should 
also be explored.
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Obesity continues to be the most important 
chronic health problem facing the United 
States. The prevalence of obesity is not de-
creasing, and among women, appears still to 
be rising (Flegal, Kruszon-Moran, Carroll, 
Fryar, & Ogden, 2016). With the decreas-
ing prevalence of tobacco use, obesity is now 
likely to represent the most important risk 
factor for other chronic diseases treated in 
primary care. These diseases include diabe-
tes, hypertension, obstructive sleep apnea, 
various forms of cardiovascular disease, ar-
thritis of weight-bearing joints, and depres-
sion. Thus, better control of obesity has the 
potential to dramatically reduce the burden 
of chronic disease being treated by primary 
care physicians and other providers.

The medical profession seems to be com-
ing around to the idea that obesity is not 
simply a risk factor for chronic disease, but 
is also a chronic disease in its own right, 
and one that requires long-term manage-
ment. This view is supported by several 
developments in health care over the past 
7 years. First, in 2010, the Patient Protec-
tion and Affordable Care Act (ACA) was 
passed. The ACA, in addition to expanding 
health insurance for millions of Americans, 
also mandated that any service receiving an 

“A” or a “B” grade recommendation from 
the U.S. Preventive Services Task Force be 
covered without patient copayments (Unit-
ed States Congress, 2010). High-intensity 
weight loss counseling received a “B” grade 
from the Task Force in 2003 and again in 
2012 (U.S. Preventive Services Task Force, 
2003; Moyer, U.S. Preventive Services Task 
Force, 2012). (A “B” grade means that there 
is high certainty that the net benefit of pro-
viding a service is moderate, or a moderate 
certainty that the net benefit of providing 
a service is moderate to substantial.) Fol-
lowing this, in 2011 the Centers for Medi-
care and Medicaid Services created a new 
benefit for the treatment of obesity in the 
primary care setting, allowing for up to 20 
15-minute visits over 1 year. Additionally, 
in 2013, the American Medical Association 
recognized obesity as a chronic disease in 
its own right (American Medical Associa-
tion, 2013). A separate development was the 
publication of updated obesity treatment 
guidelines. Guidelines covering the behav-
ioral and surgical treatment of obesity were 
published in 2014 by the American Heart 
Association, the American College of Car-
diology, and The Obesity Society (Jensen et 
al., 2014), and in 2015, U.S. guidelines on 
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the use of medications to treat obesity were 
published by the Endocrine Society (includ-
ing four new medications approved by the 
U.S. Food and Drug Administration [FDA] 
since 2012 for the long-term management 
of obesity) (Apovian et al., 2015). Other 
professional societies and organizations re-
cently have provided guidelines on weight 
management (Garvey et al., 2016; Brauer et 
al., 2015)

Together, these developments have helped 
physicians to understand the importance 
of treating obesity on a chronic basis. An 
increasing number of physicians are pur-
suing the board certification offered by 
the American Board of Obesity Medicine 
(ABOM; 2016). In 2015, the number of in-
ternal medicine physicians who pursued this 
board exam was greater than the numbers 
for several traditional internal medical sub-
specialties, such as endocrinology and infec-
tious diseases (American Board of Internal 
Medicine, 2016). The majority of applicants 
for the obesity medicine board certification 
are from primary care specialties—internal 
medicine, family medicine, and pediatrics.

At the same time that treatment of obesity 
is receiving increased attention from physi-
cians and from health care regulatory orga-
nizations and insurance payers, the practice 
of primary care medicine is not thriving. 
The percentage of graduates of U.S. medical 
schools and residency programs going into 
adult primary care has increased slightly 
from its nadir but remains close to an all-
time low. Burnout rates among practicing 
primary care physicians are high (Roberts, 
Shanafelt, Dyrbye, & West, 2014). There is 
a perception in the medical community and 
among the public that primary care medi-
cine is not prestigious.

In this context, what can primary care 
physicians (PCPs) do to manage obesity? 
This chapter reviews the literature on in-
terventions to treat obesity that have been 
tested in primary care populations. We also 
discuss the role of the PCP in evaluating 
and treating obesity and suggest a few key 
messages that PCPs can deliver to help en-
gage patients in therapy. We conclude with 
recommendations for how PCPs can make 
the best use of office visits to manage obe-
sity along with their patients’ other health 
concerns.

Behavioral Treatment of Obesity

The 2013 obesity treatment guidelines 
(American Heart Association [AHA]/
American College of Cardiology [ACC]/The 
Obesity Society [TOS]) gave a strong rec-
ommendation for high-intensity treatment 
of obesity (Jensen, 2014). The standard for 
high intensity is at least 14 visits, provided 
over a period of 6 months, which offer per-
sonalized counseling and feedback from a 
trained interventionist. An evidence review 
of “primary care relevant” studies, support-
ed by the U.S. Preventive Services Task Force 
(USPSTF) and serving as the basis for the up-
dated 2012 recommendation from the Task 
Force, similarly concluded that high-inten-
sity behavioral programs (providing 12–26 
visits in the first year) were more likely to 
produce clinically significant weight loss, 
compared to programs that provided fewer 
than 12 visits (Leblanc, O’Connor, Whit-
lock, Patnode, & Kapka, 2011). We focus 
our attention primarily on describing stud-
ies that met the 2003 USPSTF standard for 
high-intensity treatment (i.e., greater than 
monthly visits for at least 6 months). In a 
2014 systematic review of obesity treatment 
provided in primary care, weight losses were 
more closely associated with the intensity of 
treatment than with the modality used to 
deliver treatment (in-person vs. telephone) 
(Wadden, Butryn, Hong, & Tsai, 2014). The 
review of studies that follows is not a sys-
tematic review of the literature, but rather 
a highlighting of relevant studies that tested 
different types of interventions and with 
varying intensities of treatment.

Low‑ to Moderate‑Intensity Counseling 
in Primary Care
A number of studies have offered low- to 
moderate-intensity counseling (i.e., ≤ one 
session/month; see Table 27.1 for addi-
tional study details). Davis and colleagues 
randomly assigned primary care patients 
to standard care or to monthly counseling 
visits with their PCPs. Weight loss was sig-
nificantly greater in the treatment arm than 
in the control group after 12 months (–1.4 
kg vs. 0.3 kg; p = .01), but not at 18 months 
(–0.5 kg vs. + 0.1 kg; p = .39) (Davis et al., 
2006; Davis-Martin, 2008). Christian and 
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colleagues conducted two randomized trials 
in primary care practices, both also using 
PCPs to deliver counseling to study partici-
pants (Christian et al., 2008, 2011). Both 
studies employed low-intensity counseling, 
with visits conducted quarterly in one trial 
and twice per year in the second trial. In 
both trials, the active intervention arm in-
cluded a computer-based assessment that 
gave patients an individualized assessment 
of their weight and weight loss history and 
provided personalized recommendations. 
These recommendations were printed for 
the patients to review with their PCPs dur-
ing counseling visits. In the first trial, con-

trol group participants gained 0.6 kg at 1 
year, compared to a weight loss of 0.1 kg in 
the intervention group (p = 0.23 for differ-
ence) (Christian et al., 2008). In the second 
study, the intervention group lost 1.5 kg at 1 
year, whereas the control group gained 0.2 
kg (p = .002) (Christian et al., 2011).

Two trials used midlevel providers (nurse 
practitioners) instead of physicians as coun-
selors. A study by Whittemore et al. (2009) 
adapted the Diabetes Prevention Program 
(DPP) for use in a primary care office and 
reduced the number of sessions from 16 to 6, 
providing a phone visit between monthly in-
person visits over a 6-month period. Weight 

TABLE 27.1. Studies of Low‑ to Moderate‑Intensity Treatment

Study Demographics Duration Weight change p value

Davis (2006); Davis-
Martin (2008)

N = 144
BMI = 38.9 kg/m2

Age = 41.8 years
100% female

18 months Treatment: –0.5 kg
Control: +0.1 kg

.39

Christian (2008) N = 310
BMI = 35.1 kg/m2

Age = 53.2 years
66% female

12 months Treatment: –0.1 kg
Control: +0.6 kg

.23

Christian (2011) N = 279
BMI = 34.3 kg/

m2a
Age = 49.6 yearsa

68.4% female

12 months Treatment: –1.5 kg
Control: +0.2 kg

.002

Whittemore (2009) N = 58
BMI = 38.9 kg/

m2a
Age = 45.9 yearsa

89.7% female

6 months Treatment: –1.6%b

Control: –0.3%b
.08

ter Bogt (2011) N = 457
BMI = 29.6 kg/m2

Age = 56.1 years
52% female

12 months Treatment: –1.9%
Control: –0.9%

< .05

Kumanyika (2012) N = 261
BMI = 37.2 kg/m2

Age = 47.2 years
84% female

12 months Treatment: –1.6 kg
Control: –0.6 kg

.15

Tsai (2010) N = 50
BMI = 36.5 kg/m2

Age = 49.4 years
88% female

12 months Treatment: –2.3 kg
Control: –1.1 kg

.31

aEstimated from table in published paper.
bEstimated from figure in published paper.
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losses after 6 months (estimated from a fig-
ure in the study) were 0.3% and 1.6% of 
initial body weight in the control and inter-
vention groups, respectively (p = .08). In a 
study by ter Bogt et al. (2011), nurse prac-
titioners provided quarterly counseling vis-
its, using a computerized treatment protocol 
developed by the study investigators. Weight 
losses were 0.9% and 1.9% of initial body 
weight after 12 months in the control and 
intervention groups, respectively (ter Bogt et 
al., 2011). Kumanyika et al. (2012) random-
ized primary care patients to low-intensity 
counseling, defined as visits every 4 months 
with their PCP or provider, or to moderate-
intensity counseling, defined as monthly 
weight loss counseling visits with a medi-
cal assistant in the practice. Weight losses at 
12 months were 0.6 kg in the low-intensity 
group and 1.6 kg in the moderate-intensity 
group (p = .15) (Kumanyika et al., 2012).

Taken together, these studies show very 
similar outcomes. Specifically, low- to mod-
erate-intensity counseling, whether delivered 
by primary care physicians themselves or by 
other primary care team members (midlevel 
providers or medical assistants), produces 
modest weight loss among participants (ap-
proximately 1–2 kg greater than standard 
care). Thus, for the majority of patients, 
these interventions have limited clinical ben-
efit with regard to reducing the burden of co-
morbid medical illness or improving health. 
Although a minority of patients may benefit 
from having monthly or less frequent coun-
seling visits with a dietitian, a physician, or 
another team member from the primary care 
office, PCPs do not have a reliable method to 
determine which individuals would benefit 
from a low- to moderate-intensity interven-
tion. Thus, although the likelihood of harm 
from such interventions is small, the likeli-
hood of benefit is also small. PCPs should 
counsel their patients that such interventions 
are unlikely to produce clinically significant 
weight loss.

High‑Intensity Weight Loss Counseling
A limited number of trials have been able to 
deliver high-intensity weight loss counseling 
to patients recruited from primary care set-
tings. The small number of trials that have 
achieved this goal is likely a consequence of 

the logistical and financial barriers to deliv-
ering such treatment in the physical settings 
of the primary care office and the conflict-
ing demands and high workload of a prima-
ry care medical practice.

In a study by Tsai et al. (2010), primary 
care patients were randomized to quarterly 
counseling visits with their PCPs or to a se-
ries of eight lifestyle counseling visits over 6 
months with a medical assistant in the prac-
tice, using a shortened version of the DPP 
curriculum. Weight loss at 6 months was 
significantly greater in the treatment than 
control arm (4.4 kg vs. 0.9 kg; p < .001), but 
at 12 months the difference was no longer 
significant (2.3 kg vs. 1.1 kg; p = .31).

Appel et al. (2011) recruited participants 
from primary care offices affiliated with a 
large academic medical center. Participants 
were randomly assigned to usual care, tele-
phone-delivered counseling, or in-person 
counseling. The latter two groups had ac-
cess to a web-based program to record food 
intake and physical activity. Those in the 
phone group were provided with 12 initial 
weekly phone sessions, followed by monthly 
calls through year 2. Participants in the in-
person group were offered a combination 
of group and individual treatment, up to 
57 visits over the 2 years. Weight losses at 2 
years were 0.8, 4.6, and 5.1 kg, respectively 
(p < .001 for both intensive groups vs. con-
trol arm).

In a 2-year randomized controlled trial, 
Wadden, Volger, et al. (2011) assigned indi-
viduals with at least two out of five criteria 
for the metabolic syndrome to usual care; 
brief lifestyle counseling (25 10- to 15-min-
ute visits over 2 years with a trained medi-
cal assistant from the primary care practice); 
or “enhanced” brief lifestyle counseling (the 
same 25 counseling visits, combined with 
the patient’s choice of meal replacements, 
orlistat, or sibutramine). At year 2, weight 
losses in the three groups were 1.7, 2.9, and 
4.6 kg, respectively (p = .08 for brief coun-
seling vs. usual care; p = .003 for enhanced 
brief lifestyle counseling vs. usual care).

In a study by Ma et al. (2013), primary 
care patients who had either pre-diabetes 
or metabolic syndrome were randomly as-
signed to usual care; an in-person group ver-
sion of the DPP; or to the DPP curriculum, 
delivered via a self-directed DVD. Partici-
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pants assigned to the in-person intervention 
received weekly sessions for 12 weeks, fol-
lowed by monthly sessions for the remainder 
of the 2-year trial. At year 2, weight losses in 
the usual care, in-person, and self-directed 
groups were 2.4, 5.4, and 4.5 kg, respectively 
(p = .001 for in-person vs. control; p = .03 
for self-directed vs. control) (Ma et al., 2013; 
Xiao, Yank, Wilson, Lavori, & Ma, 2013).

In a 1-year randomized controlled trial, 
Ashley et al. (2001) randomly assigned par-
ticipants to dietitian-led groups; dietitian-led 
groups plus the use of a partial meal replace-
ment diet (replacement of two meals/day); 
or individual counseling visits with a PCP, 
combined with the use of meal replacements. 
(This study was conducted in a primary care 
practice, but participants were not patients 
from the practice; instead, they were recruit-
ed from the local community.) Dietitian-led 
groups lasted for 1 hour, whereas PCP vis-
its lasted 10–15 minutes. All participants 
received 26 every-other-week visits. Weight 
losses at 1 year were 3.4, 7.7, and 3.5 kg, 
respectively (p < .001 for dietitian plus meal 
replacement group compared to the other 
two groups).

In a trial by Tsai and colleagues, 106 indi-
viduals recruited from primary care offices 
were provided with 12 in-person counseling 
visits during the first 6 months of treatment 
and were given access to a subsidized pro-
gram of portion-controlled foods (Nutrisys-
tem®) (Tsai, Felton, Wadden, Hosokawa, & 
Hill, 2015). Of these 106 participants, 84 
persons completed the first 6 months and 
were randomly assigned to a maintenance 
condition. Participants randomized to the 
“intensive” maintenance condition, involv-
ing one in-person and one individualized 
phone or e-mail contact per month, retained 
a loss of 6.1 kg at month 18, compared to 
2.2 kg in the “standard” maintenance arm 
(p < .001).

Ryan et al. (2010) randomly assigned state 
employees in Louisiana to usual care or a 
multimodality intervention. The treatment 
program started with a 3-month, 900 kcal/
day, medically supervised diet using meal 
replacements (HealthOne Formula). It then 
continued for an additional 4 months with 
high-intensity group weight loss counseling, 
with a partial meal replacement diet and op-
tional weight loss medication, followed by 

continued use of medication and monthly 
group sessions for the final 17 months (with 
the option for intermittent short-term use of 
full meal replacement). Mean weight loss at 
month 24 was 4.9% of initial weight in the 
intervention group and 0.2% in control par-
ticipants (p < .001). Attrition in the trial was 
nearly 50%; weight loss in the 51% of par-
ticipants in the intervention who completed 
the study was 8.3% of initial weight.

In a study by Weinstock and colleagues, 
primary care patients with metabolic syn-
drome were randomly assigned to receive 
the DPP curriculum, delivered in either 
group conference calls or individual phone 
calls (Weinstock, Trief, Cibula, Morin, & 
Delahanty, 2013). The first five calls were 
delivered weekly; calls were then delivered 
monthly for the remainder of the first year. 
All participants were offered monthly main-
tenance calls during a second year. At year 
2, mean weight loss with group conference 
calls was 6.2 kg, compared with 2.2 kg in 
the individual call group (p < .001). (Only 
52.5% of participants, however, completed 
the 2-year assessment.)

Taken together, the majority of the stud-
ies just described found that high-intensity 
counseling, using different modalities (e.g., 
in-person or phone visits), produced clinical-
ly meaningful weight loss. This conclusion 
is tempered by high attrition in two of the 
trials (Ryan et al., 2010; Weinstock et al., 
2013), as well as by the fact that in one trial, 
participants were not primary care patients, 
but instead were recruited from the local 
community (Ashley et al., 2001). However, 
this group of studies also demonstrates that 
a number of different treatment modalities, 
if delivered with adequate intensity, can be 
effective. These range from telephone-deliv-
ered interventions to in-person individual or 
group counseling sessions, counseling sup-
plemented with meal replacements or medi-
cation, or in one case, a multimodality in-
tervention that varied the type of treatment 
offered over time.

Studies Using Alternative Methods 
of Behavioral Counseling in Primary Care
As mentioned, a systematic review of obe-
sity management in primary care (Wadden 
et al., 2014) found that high-intensity treat-
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ment leads to greater weight loss than low- 
or moderate-intensity counseling. The other 
major finding of this review was that “tra-
ditional” behavioral interventions produced 
larger weight losses than interventions that 
used “alternative” methods of counseling. 
Traditional methods of behavioral counsel-
ing were defined as those that included a pre-
scription for a reduced calorie diet, a specific 
target for physical activity, and the use of 
behavioral strategies (e.g., goal setting, self-
monitoring) to improve adherence to diet 
and physical activity plans. In this review, 
alternative methods of behavioral counsel-
ing were defined as interventions that used 
primarily motivational interviewing (Miller 
& Rollnick, 2002) or stages of change (Pro-
chaska, Redding, & Evers, 1997) without 
including specific targets for calorie intake 
or physical activity.

Summary of Behavioral Treatment 
in Primary Care
The studies reviewed previously demon-
strate that (1) low- to moderate-intensity 
counseling alone does not lead to clinically 
significant weight loss; (2) high-intensity 
weight loss counseling, provided by a vari-
ety of health care professionals, produces 
a weight loss of approximately 5–10% of 
initial weight; (3) the modality of providing 
counseling (in-person vs. telephone, indi-
vidual vs. group treatment) is less important 
than the intensity of treatment; and (4) tra-
ditional methods of behavioral counseling 
produce greater weight loss than alternative 
methods, such as motivational interviewing.

Referring Primary Care Patients 
to Commercial Weight Loss Programs

In its recommendations on obesity, the 
 USPSTF advised that PCPs should “offer 
or refer patients with a body mass index of 
30kg/m2 or higher to intensive, multicom-
ponent behavioral interventions” (p. 373; 
Moyer & U.S. Preventive Services Task 
Force, 2012). In this context, PCPs who work 
in settings where high-intensity treatment is 
not offered can refer patients to weight loss 
services in the community, such as commer-
cial weight loss programs. The 2013 AHA/

ACC/TOS guidelines indicate that commer-
cial programs can be considered as an op-
tion for high-intensity treatment, provided 
that the programs have published evidence 
of their safety and efficacy in peer-reviewed 
medical literature.

Since the publication of a review article in 
2005 (Tsai & Wadden, 2005), several com-
mercial weight loss programs have conduct-
ed randomized trials to evaluate the effec-
tiveness of their interventions. An updated 
review published by Gudzune et al. (2015), 
as well as a separate chapter in this book 
(Gudzune & Clark, Chapter 29), review in 
detail the studies conducted by these pro-
grams, as well as the relative costs and ben-
efits of the different interventions. Weight 
Watchers, Jenny Craig, Nutrisystem, Health 
Management Resources, Medifast, and Op-
tifast are among the structured commercial 
and meal replacement programs reviewed 
by Gudzune et al. (2015). Self-directed meal 
plans with published evidence of safety and 
efficacy include Atkins and Slim-Fast. PCPs 
who work in low-resource settings and who 
do not have access to intensive behavioral in-
terventions may also consider referring their 
patients to low-cost programs such as Take 
Off Pounds Sensibly (TOPS; Mitchell, Dick-
inson, Kempe, & Tsai, 2011). TOPS is not 
supported by randomized trial evidence, but 
we believe that it is a reasonable option for 
providing high-intensity behavioral treat-
ment when participation in other programs 
is not feasible.

Medical and Surgical Options for PCPs 
to Consider
Adding Medications 
to Behavioral Treatment
Bray and Ryan (Chapter 21, this volume) re-
view the use of FDA-approved medications 
to treat obesity. None of the pivotal Phase-3 
trials of these medications were conducted 
in primary care settings per se. However, the 
behavioral interventions provided in these 
studies, with the exception of the Contrave 
Obesity Research—Behavior Modification 
(COR-BMOD) trial (Wadden, Foreyt, et al., 
2011), were of low to moderate intensity. 
Thus, the weight losses achieved in these tri-
als are likely to be similar to weight losses 
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expected among primary care patients who 
are prescribed these medicines with minimal 
lifestyle counseling.

Three randomized trials have studied the 
effectiveness of medications when added to 
weight loss counseling provided in primary 
care settings. Hauptman and colleagues ran-
domly assigned 796 individuals from 17 pri-
mary care offices to placebo, orlistat 60 mg 
3x/day, or orlistat 120 mg 3x/day (Haupt-
man, Lucas, Boldrin, Collins, & Segal, 
2000). All participants were given videos 
on weight management every 3 months in 
year 1, and were given written materials on 
weight management every 3 months in year 
2. After 2 years, weight losses in the three 
groups were 1.7, 4.5, and 5.0 kg, respectively 
(p = .001 for both treatment groups vs. con-
trol). Wadden et al. (2005) tested the effect 
of sibutramine in a randomized trial, with or 
without a series of eight brief 10- to 15-min-
ute lifestyle counseling visits delivered by a 
physician or nurse practitioner. At 1 year, 
mean weight loss in the medication-alone 
group was 5.0 kg and in the combined group 
was 7.5 kg (p > .05). (Sibutramine was re-
moved from European and U.S. markets in 
2011 after the SCOUT trial reported an in-
creased risk of major cardiovascular events 
among patients taking the drug [James et 
al., 2010].) Poston et al. (2006) randomly 
assigned 250 individuals to monthly weight 
loss counseling, orlistat (120 mg 3x/day), or 
the combination of counseling plus orlistat. 
At 1 year, participants in the orlistat alone 
and combination therapy group both lost 
1.7 kg, whereas those in the counseling only 
group gained 1.7 kg (p < .001 for both orli-
stat groups compared to counseling alone). 
Two of these trials suggest that medication, 
when added to low- to moderate-intensity 
lifestyle counseling provided in primary care 
settings, increases weight loss compared to 
counseling alone. Conversely, multiple tri-
als have demonstrated that when high-in-
tensity counseling is added to medication, it 
nearly doubles the weight loss achieved with 
medication alone (Stunkard, Craighead, & 
O’Brien, 1980; Wadden et al., 2001, 2005; 
Digenio, Mancuso, Gerber, & Dvorak, 
2009). This consistent finding in the lit-
erature again highlights the importance of 
high-intensity behavioral treatment of obe-
sity. The additive effect of weight manage-

ment medications and high-intensity behav-
ioral counseling is a key message for PCPs, 
particularly those who prescribe medica-
tions. PCPs should explain that weight man-
agement medications help patients reduce 
their food and calorie intake, and as such, 
serve as a tool to facilitate lifestyle modifica-
tion. Thus, the more structured the behav-
ioral program undertaken by the patient, the 
greater the weight loss achieved with adjunc-
tive weight management medication.

Surgical Treatment of Obesity
The safety and effectiveness of bariatric 
surgery are covered in detail by Hanipah, 
Aminian, and Schauer (Chapter 22, this 
volume). PCPs should be aware that bariat-
ric surgery is dramatically safer now than 
when it was first developed (Longitudinal 
Assessment of Bariatric Surgery [LABS] 
Consortium, 2009). It also is by far the most 
effective intervention for severe obesity, pro-
ducing long-term (i.e., 3- to 15-year) reduc-
tions in initial weight of 20–25%. PCPs also 
should know that when they refer a patient 
for weight loss surgery, the patient may or 
may not turn out to be a good candidate. 
All patients referred for bariatric surgery 
undergo a structured medical and behav-
ioral evaluation before they are approved 
for a procedure. Referral for evaluation for 
bariatric surgery is indicated when desired 
weight loss outcomes or improvements in 
health cannot be achieved by high-intensity 
lifestyle counseling alone or in combination 
with pharmacotherapy.

Figure 27.1 provides an algorithm to help 
providers select an appropriate weight man-
agement intervention. The first goal is to de-
termine if weight loss is medically indicated. 
If so, the PCP should offer or refer the pa-
tient to high-intensity behavioral treatment. 
If the patient accepts this recommendation, 
then success is defined as a loss of 5–10% 
of initial body weight that is maintained for 
at least 1 year from the end of treatment. 
If treatment intensification is needed, then 
partial or full meal replacement plans may 
be considered, as well as weight loss medica-
tion. If a combination of these therapies is 
not effective in producing a weight loss of 
5–10% of initial body weight, consideration 
of bariatric surgery is appropriate.
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Key Messages for PCPs 
Concerning Obesity

Physicians and policymakers alike are pay-
ing increased attention to obesity. However, 
this is occurring within the context of an 
ongoing “crisis” in primary care, with a 
shortage of physicians and a perception that 
specialty medical practice is more desirable. 
Many of the intensive behavioral interven-
tions described in this chapter are simply 
not realistic in most primary care practic-

es. PCPs can use medications to help their 
patients lose weight, but medication alone, 
without a structured behavioral program, 
is only modestly effective and usually does 
not come close to achieving the weight loss 
goals desired by patients and their physi-
cians (Foster, Wadden, Vogt, & Brewer, 
1997; Wadden et al., 2003). PCPs can rec-
ommend that their patients with severe obe-
sity undergo an evaluation for bariatric sur-
gery, but this evaluation takes place largely 
outside of the primary care office. In the fol-

 Evaluate weight and burden of comorbid 
disease 

Weight loss medically indicated (body 
mass index ≥ 30 kg/m2 or ≥ 25 kg/m2  

with comorbidity) 
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5–10% loss of initial weight 

Partial or full meal replacementWeight loss medication

Consider evaluation for weight loss surgery

Successful in achieving and maintaining 
5–10% loss of initial body weight? 

No 
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Successful in achieving loss of 5–10% of 
initial body weight? 

Help develop an individualized 
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Help develop an individualized 
plan for maintenance of lost weight
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Yes 
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Yes 

FIGURE 27.1. A stepped-care algorithm to help providers identify appropriate weight loss interventions 
for individuals with overweight or obesity.
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lowing material we suggest several key mes-
sages that PCPs can deliver to their patients. 
Some of these were discussed by Rutledge, 
Groesz, Linke, Woods, and Herbst (2011). 
Delivery of these messages by PCPs has not 
been tested in a clinical trial. However, all 
of the underlying principles are supported 
by strong evidence.

The first message that PCPs should deliv-
er is the value of engaging in high-intensity 
behavioral treatment. As reviewed above, 
low- to moderate-intensity behavioral inter-
ventions do not benefit most patients. Thus, 
patients who are interested in engaging in 
structured treatment should be encouraged 
to participate in high-intensity programs, 
whether inside or outside of the health care 
system in which they are being treated. Ad-
mittedly, this is a hard sell for physicians, 
given the time commitment required for 
treatment and some patients’ beliefs that 
they do not need a class or a counselor to 
teach them how to eat healthy foods. For 
patients willing to engage in high-intensity 
interventions, however, the studies reviewed 
in this chapter show that treatment delivered 
by phone can produce clinically meaningful 
weight loss (Appel et al., 2011; Weinstock 
et al., 2013) Thus, high-intensity treatment 
delivered by phone (or potentially by Inter-
net) has the potential to increase the reach 
of this effective therapy. A nonrandomized 
study suggested that a live “webinar” using 
the DPP curriculum also produced clinical-
ly meaningful weight loss among program 
completers (Sepah, Jiang, & Peters, 2015). 
The key goal for patient and clinician is en-
gagement in the intervention and the pres-
ence of a live counselor providing feedback, 
whether that is in-person, by phone, or by 
Internet (Jensen et al., 2014).

A second message that PCPs can deliver 
concerns the benefits of moderate weight 
loss. Patients have been shown to have unre-
alistic weight loss goals (Foster et al., 1997; 
Wadden et al., 2003), and many PCPs likely 
share these unrealistic expectations. Numer-
ous studies have demonstrated the value of 
a 5–10% loss of initial body weight (Gold-
stein, 1992; Jensen et al., 2014; Wing et al., 
2011). Patients may ask their PCP, “What 
should I weigh?” An appropriate answer is 
not necessarily the weight that gives them 
a body mass index of less than 25 kg/m2, 

but rather a weight that reduces medication 
use for comorbid conditions such as dia-
betes or hypertension, reduces the severity 
of other comorbid conditions (obstructive 
sleep apnea, osteoarthritis of weight-bear-
ing joints), and improves functional status. 
Of note, in elderly patients with obesity, 
increased physical activity appears to be at 
least as effective for improving functional 
status as weight loss alone (Villareal et al., 
2011).

A third message that PCPs can deliver 
invokes the challenge of weight loss main-
tenance. Although researchers have known 
about metabolic adaptations to weight loss 
for over 20 years (Leibel, Rosenbaum, & 
Hirsch, 1995), recently this issue has be-
come better publicized, specifically with the 
publication of results from participants on 
The Biggest Loser television show (Fother-
gill et al., 2016). Most patients work hard 
for several months (restricting their calorie 
intake and increasing their physical activity) 
and then hit a “plateau” after losing 5–10% 
of initial body weight. Many patients, frus-
trated by the inability to lose more weight, 
give up their efforts, resulting in weight re-
gain. The PCP can help the patient to un-
derstand that the hard work begins when 
the scale stops moving. Although this is a 
sobering message, if patients understand the 
changes in diet and physical activity that are 
required for long-term success, it can help 
them work harder to maintain their 5–10% 
loss of initial weight.

A fourth message that PCPs can deliver 
involves the use of “biological” therapies 
to treat obesity (i.e., medications and bar-
iatric surgery). Patients may be hesitant to 
try medication or surgery because they feel 
that doing so is taking the “easy way out,” 
or they may not want to take a medication 
for years to maintain their weight loss. In 
the context of metabolic adaptations to 
weight loss, patients with severe obesity are 
likely to be challenged in maintaining long-
term weight loss. PCPs can explain that no 
viable medical treatments currently exist 
to raise metabolic rate when patients are 
weight-reduced. PCPs can also explain that 
medications and surgery can help to main-
tain weight loss by reducing hunger and the 
sensitivity of the brain to food cues (Wang et 
al., 2014; Faulconbridge et al., 2016). Stated 
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another way, PCPs can help their patients 
understand the chronic nature of obesity 
and make it feel more acceptable to use these 
biological therapies.

A fifth message that PCPs can deliver con-
cerns the importance of adequate sleep in 
maintaining a healthy body weight. This 
issue was reviewed in detail by Rutledge et 
al. (2011). Only 65% of Americans report 
a healthy sleep duration, defined as greater 
than 7 hours per night (Liu et al., 2016). 
Strong data from both epidemiological and 
intervention studies indicate that most in-
dividuals need 7–9 hours of sleep per night 
to maintain optimal health (Nedeltcheva, 
Kilkus, Imperial, Schoeller, & Penev, 2010; 
Ogilvie et al., 2016). Whether due to un-
treated sleep apnea or insomnia, PCPs can 
help patients improve their sleep as a means 
of better managing their weight.

Summary

Primary care physicians have been urged to 
routinely treat obesity in their practices. Al-
though it is clinically appropriate for them 
to do so, the call for them to manage obesity 
comes at a time when primary care practic-
es generally are in a poor position to take 
on additional work with no new resources. 
The literature on primary-care-based treat-
ment of obesity shows that high-intensity 
interventions are the most likely to produce 
clinically meaningful weight loss. However, 
such intervention cannot be provided in 
most practices. Instead, PCPs should refer 
patients with obesity to high-intensity in-
terventions that are available in their health 
care institution or in the greater community. 
PCPs should keep in mind that high-intensi-
ty treatments are effective, regardless of the 
delivery modality used, provided that the 
intervention offers personalized counseling 
and feedback from a trained interventionist 
(Jensen et al., 2014). PCPs can also help their 
patients by delivering a few key messages re-
garding weight loss goals, the challenge of 
long-term weight loss maintenance, and the 
potential benefits of adjunctive weight man-
agement medications. With patients who 
have made repeated efforts to lose weight 
with lifestyle modification but have not been 

successful, PCPs should not hesitate to refer 
such individuals for an evaluation for bar-
iatric surgery.

Regardless of the degree to which PCPs 
choose to engage in treating obesity in their 
patients, it is important to be respectful 
and empathic in discussing weight—a sen-
sitive subject for many patients. Respectful 
treatment includes the use of appropriate 
language (e.g., weight rather than obesity; 
Wadden & Didie, 2003; Volger et al., 2012), 
as well as acknowledging the challenge of 
successful long-term weight management, 
given the behavioral and biological barriers 
for patients. Many patients will not reach 
their weight loss goals; with these individu-
als, the clinician’s role is to provide encour-
agement, refocus the conversation on health 
status rather than the number on the scale, 
and continue to treat the medical comor-
bidities of excess weight. PCPs who want to 
manage obesity in their practice will need to 
employ a combination of scientific knowl-
edge, behavioral counseling, and sensitivity 
to produce the best possible outcomes.
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Obesity is a pressing public health problem, 
with 37.9% of adults currently obese in the 
United States (Flegal, Kruszon-Moran, Car-
roll, Fryar, & Ogden, 2016). Because obesity 
is associated with a greater risk of hyperten-
sion, heart disease, type 2 diabetes, stroke, 
and several cancers (National Institutes of 
Health, 1998), treatment options are needed 
that are effective and keep participants en-
gaged. The current nonmedical gold-stan-
dard treatment for obesity is a structured be-
havioral weight loss program that supports 
reduced dietary intake and increased energy 
expenditure (Knowler et al., 2002; Wadden, 
Butryn, & Byrne, 2004). The core pieces of 
lifestyle weight management programs in-
clude the provision of counseling support, 
goal setting, self-monitoring, and individual-
ized feedback from a trained interventionist 
(Alamuddin, Bakizada, & Wadden, 2016).

Behavioral weight loss programs have 
traditionally been delivered in a face-to-
face format with weekly group sessions that 
last 60–90 minutes, but often decrease in 
frequency to biweekly or monthly follow-
ing the first 3–6 months of the program. 
These face-to-face interventions produce 
clinically significant weight losses of 5–10% 
by 6 months, which are known to reduce 
the risk of weight-related chronic diseases 

(National Institutes of Health, 1998; Al-
amuddin et al., 2016). Unfortunately, there 
are several barriers to in-person session at-
tendance, including lack of transportation, 
travel costs, scheduling conflicts, the time 
burden of travel and attendance, and child 
care. In order to increase the accessibility 
and effectiveness of behavioral weight loss 
programs for individuals who may have bar-
riers to in-person treatment, there is a great 
need to improve the access and convenience 
of treatments, and potentially reducing the 
cost as well.

Evolution of Remotely 
Delivered Interventions

Historically, remote counseling methods 
were used to provide additional intervention 
strategies during the later months of treat-
ment, when the frequency of face-to-face 
visits reduced from weekly to biweekly or 
monthly (e.g., 6–18 months). Print materi-
als with psychoeducational content sent via 
postal mail and telephone calls facilitated 
continued contact with study participants 
and served to cue continued efforts, main-
tain accountability, facilitate goal setting, 
reinforce positive behaviors, and promote 
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problem solving to overcome barriers (Ja-
kicic, Marcus, Gallagher, Napolitano, & 
Lang, 2003). As interest grew in reaching 
wider populations, studies began to examine 
remote delivery of entire weight loss treat-
ments, replacing all or most clinic visits with 
mail or telephone counseling contacts.

With the advancement of computer and 
mobile technologies in the last several de-
cades, the methods for and interest in pro-
viding counseling support and feedback 
remotely have continued to increase. Fig-
ure 28.1 displays the steadily increasing 
number of interventions that have been de-
livered using remote methods since 2000. 
The ability to communicate using email, the 
Internet, text messaging, smartphones, and 
social networking platforms has enabled 
researchers to incorporate remote methods 
that increasingly mimic many of the success-
ful features of face-to-face delivery. Recent 
practice guidelines for managing overweight 
and obesity in adults indicated moderate 
evidence supporting the use of remotely de-
livered weight loss programs that include 
tailored feedback from trained intervention-
ists (Jensen et al., 2014). Several systematic 
reviews have concluded that remotely deliv-

ered interventions are more efficacious than 
control groups or minimal treatments for 
weight loss (Saperstein, Atkinson, & Gold, 
2007; Wieland et al., 2012).

The goal of this chapter is to highlight 
the emergence and effectiveness of the vari-
ous types of remotely delivered behavioral 
weight loss interventions for adults that have 
been conducted to date. Rather than provid-
ing a systematic review of the literature, we 
have limited the examples to intervention 
studies that delivered a comprehensive be-
havioral program, including some form of 
remote counseling support, and specified 
weight loss as the primary outcome. We 
have also excluded studies with a focus on 
weight maintenance, those that used remote 
contact methods after in-person weight loss 
treatment, studies in children or adolescents, 
and trials with a primary goal of improving 
dietary behaviors or increasing physical ac-
tivity. To summarize the efficacy of these 
interventions, we have prioritized studies 
that have compared remotely delivered in-
terventions to either standard face-to-face 
interventions or control groups. Details of 
the studies included in this chapter can be 
found in Table 28.1.

FIGURE 28.1. The number of publications focused on remote treatment of obesity over time.
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Types of Remotely Delivered Interventions
Telephone
Weigh-to-Be was the largest of several trials 
conducted by Jeffery and colleagues (2003) 
that studied the use of telephone-delivered 
weight loss treatment. The study compared 
a mail-based intervention to phone-based or 
usual care among 1,801 managed-care pa-
tients over 1- and 2-year follow-up periods. 
In both intervention groups, a series of 10 
lessons were mailed to participants. Each 
lesson included a rationale for and intro-
duction of a new behavioral skill, as well as 
related homework assignments. In the mail 
intervention, participants returned a report 
of progress to the counselor each week via 
mail and received written feedback and a 
new lesson the following week. The phone 
group reported their progress and received 
feedback from counselors through 20-min-
ute phone calls that corresponded to each of 
the 10 lessons. At 6 months, only the phone 
intervention resulted in significantly greater 
weight loss than usual care; however, no 
between-group differences were observed in 
mean weight losses at 1 year (–2.3 kg mail, 
–2.3 kg phone, and –1.9 kg usual care) or at 
2 years (–0.7 kg mail, –1.0 kg phone, and 
–0.6 kg usual care). The results of this study 
suggested that regular interactive discus-
sions with a counselor could be more effec-
tive for weight loss during the first 6 months 
of treatment compared to passively receiving 
written feedback through the mail.

A follow-up study by this research team 
evaluated the intervention dose that might 
be required for efficacy in telephone-deliv-
ered weight loss programs. The DIAL (Drop 
It At Last) study compared a self-directed 
program to two interventions that differed 
in dose of telephone counseling delivered 
(10 vs. 20 calls) in a sample of 63 adults 
(Sherwood, Jeffery, Welsh, VanWormer, & 
Hotop, 2010). The 6-month weight losses 
were 2.3 kg, 3.2 kg, and 4.9 kg in the self-
directed, 10-call, and 20-call groups, re-
spectively. Although these differences did 
not reach statistical significance, the effect 
size for the 20-call treatment compared to 
the self-directed group was d = 0.49. Twice 
as many participants achieved a 5% weight 
loss in the 20-call condition compared to the 
self-directed condition, suggesting that the 

dose required to produce clinically signifi-
cant weight losses in the absence of face-to-
face visits is perhaps more similar to the 16- 
to 24-session dose delivered over the first 6 
months of successful face-to-face weight loss 
interventions (DPP Research Group, 2002; 
Look AHEAD Research Group, 2007). A 
6-month pharmacotherapy study by Di-
genio and colleagues added to the evidence 
that high-frequency (i.e., 19 contacts over 6 
months) in-person or telephone counseling 
yield similar weight losses (–8.9% in per-
son and –7.7% telephone) that are superior 
to the losses yielded by lower-frequency (6 
contacts over 6 months) in-person or high-
frequency email methods (6.4 and 5.9%, 
respectively) (Digenio, Mancuso, Gerber, & 
Dvorak, 2009).

Several studies have used telephone coun-
seling to deliver weight loss treatment re-
motely in primary care settings. One of the 
largest and longest studies, conducted by 
Appel et al. (2011), randomized 415 adults 
to a remote-only intervention, an in-person 
intervention, or a usual-care control group, 
all with long-term follow-up at 24 months. 
The remote-only group received web-based 
learning modules, self-monitoring, email 
reminders, and progress summaries, plus 
weekly telephone coaching for the first 3 
months, followed by monthly coaching calls 
through 24 months. The in-person group 
also received the web and email remote con-
tacts, but coaching was provided face-to-
face in either group or individual sessions: 
weekly for the first 3 months, three visits 
per month during months 3–6, and two vis-
its per month thereafter. Weight losses at 24 
months were significantly greater in both the 
remote-only and in-person treatment arms 
than in usual care (–4.6, –5.1, and –0.8 kg, 
respectively). The weight losses achieved at 2 
years in the remote-only group are notable. 
This intervention provides an example of a 
potentially sustainable remote care model 
that is a hybrid of human and automated 
contacts.

Similar to Appel et al. (2011), Bennett et 
al. (2010) studied the efficacy of an interven-
tion that used a website and telephone calls 
to reduce the burden on primary care pa-
tients. They randomly assigned 101 patients 
to a 12-week intervention, primarily deliv-
ered through a website, supplemented with 
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two in-person sessions and two individual 
telephone sessions, or to a usual-care con-
trol group. Participants in the intervention 
group lost 2.3 kg at 3 months compared to 
a gain of 0.3 kg among participants in usual 
care. A greater number of website logins was 
associated with greater weight loss.

Most studies of telephone counseling to 
date have used individual or one-on-one tele-
phone counseling to replace a clinic visit that 
involves group counseling support. Donnelly 
et al. (2013) studied the delivery of behav-
ioral weight loss treatment using weekly 
group telephone conference calls compared 
with standard group-based clinical care in 
an equivalency design with 285 adults. After 
6 months, weight losses were sizable and not 
different between groups, averaging 12% 
and 13% reductions in initial weight in the 
conference-call and clinic groups, respec-
tively. Use of liquid meal replacements was 
required as the primary method for calorie 
control in both groups and likely contribut-
ed to the magnitude of weight loss. Another 
large study (N = 442) of a commercial meal 
replacement program compared weekly tele-
phone counseling coupled with web and 
email follow-up against in-person support 
to facilitate weight loss, along with provi-
sion of free portion-controlled foods (Rock 
et al., 2010). Both remote and in-person 
support programs produced greater weight 
losses than a usual-care group. At 1 year, 
phone and in-person groups had lost 9.2 and 
10.9% of initial body weight, respectively, 
though the study was not designed to com-
pare these differences. The effects of phone 
and in-person support cannot be separated 
from the effects of portion-controlled meals.

Online Chats
Consistent with delivery of face-to-face stan-
dard behavioral weight loss using a group 
treatment model, Harvey-Berino and col-
leagues have conducted a series of studies 
examining provision of remote weight loss 
support via online therapist-led group meet-
ings (i.e., chats). In a 2007 study, 124 par-
ticipants received a web-based program that 
included lessons in an online workbook-
style self-monitoring diary, a peer discussion 
board, weekly email feedback from a coun-
selor on self-monitoring data, and weekly 

group meetings led by the counselor in an 
online chat room. The intervention lasted for 
6 months, followed by 6 months of biweekly 
chat support (Gold, Burke, Piuntaro, Buz-
zell, & Harvey-Berino, 2007). Weight losses 
at 12 months were significantly greater for 
the intervention (–5.5% of initial weight) 
than for a web-based commercial compari-
son group (i.e., eDiets, –2.8%). Micco et al. 
(2007) compared the same remote Internet 
program with online chat group support to 
a program with online chat group support 
plus in-person counseling. The Internet plus 
in-person group participated in three on-
line chats and one in-person group meeting 
per month. Surprisingly, the Internet plus 
in-person group did not lose more weight 
than the group receiving only remote Inter-
net support at 6 months (–5.1 vs. –7.8 kg) or 
12 months (–3.5 vs. –5.1 kg). Attendance at 
weekly online chat groups was significantly 
lower in the group that received the hybrid 
in-person plus remote support treatment.

In a larger study (N = 481) Harvey-Berino 
et al. (2010) conducted a randomized com-
parative effectiveness trial of a 24-session 
program that was delivered weekly for 6 
months. Participants were randomly as-
signed to receive the program provided in 
one of three ways: (1) the Internet group 
chat approach, (2) the standard in-person 
group treatment, or (3) the hybrid online 
group with once-per-month in-person group 
meetings described previously. At 6 months, 
weight losses were significantly greater for 
the in-person group treatment (–7.9% of 
initial weight), compared with the Internet-
only (–5.7%) or hybrid approach (–6.0%). 
Collectively, these studies demonstrate that 
counselor-led, online group behavioral sup-
port produces clinically meaningful weight 
loss, though weight losses are about 1–2 kg 
less than those produced by in-person group 
behavioral treatment. Further, substituting 
an online group meeting with one in-person 
group session once per month does not ap-
pear to add to the efficacy of a comprehen-
sive remote online group support interven-
tion.

Email
In standard face-to-face behavioral pro-
grams, attendance at clinic visits and call 
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completion rates decline over time (Donnelly 
et al., 2013), perhaps due to declining mo-
tivation or because continued attendance at 
meetings becomes a barrier to busy adults. 
Researchers have speculated that using asyn-
chronous forms of communication such as 
email might overcome this barrier, and that 
email would also be superior to postal mail, 
another form of asynchronous communi-
cation, because exchanges between par-
ticipants and counselors could occur more 
quickly and at lower cost. In addition, email 
use is becoming increasingly common, with 
92% of adults using email and 61% using it 
every day (Purcell, 2011).

Email counseling has been studied as an 
individual form of remote behavioral treat-
ment support with one-on-one email feed-
back or messaging. A series of early studies 
examined remote behavioral interventions 
using a website or email to deliver behavioral 
lesson content, web-based self-monitoring, 
online peer support message boards, and 
email as the main form of counseling sup-
port. Email counseling provided prompting, 
accountability, feedback, review of goals, 
limited problem solving, and reinforcement 
(Tate, Jackvony, & Wing, 2003, 2006; Tate, 
Wing, & Winett, 2001). A study by Tate 
et al. (2003) of 92 adults used an additive, 
randomized design to compare provision 
of web-based content, self-monitoring, and 
peer support to a program that included the 
same features plus weekly email counseling 
exchange with participants. At 12 months, 
weight losses were greater in participants 
who received weekly email counseling 
(–4.8 vs. –2.2% reduction in initial weight), 
though weight losses were not of the mag-
nitude achieved with intensive face-to-face 
behavioral programs. A subsequent study 
compared fully automated, weekly, com-
puter-generated messages to weekly human 
email counseling and to web content with no 
counseling (Tate et al., 2006). Weight losses 
in both the computer-generated and email 
counseling groups were significantly great-
er than no counseling at 3 months (–5.8%, 
–6.8%, and –3.2% of initial weight, respec-
tively) and did not differ significantly from 
each other. However, at 6 months, only the 
human email counseling group was superior 
to control (–5.3% for automated counseling, 
–8.1% for human counseling, and –2.8% 

for no counseling). A more recent study by 
Thomas, Leahey, and Wing (2015) demon-
strated that a program that used fully au-
tomated weekly feedback, coupled with a 
website that included interactive lesson con-
tent, videos, quizzes, and goal setting, pro-
duced significantly greater weight losses at 
3 months (5.5 kg) than a control condition 
(1.3 kg) in primary care patients.

Remotely delivered programs that include 
computer-generated, fully automated feed-
back and recommendations based on par-
ticipant progress are appealing due to the 
potential for reach and low cost. However, 
engagement has been a concern in programs 
that do not use some human support as part 
of remote treatment delivery. Advances in 
machine learning may enable the creation 
of more engaging and appropriate messages 
that consider complex behavior patterns and 
contexts in ways that more closely mimic 
human counseling support.

Semiautomated feedback involves creating 
feedback messages that apply to groups of 
individuals based on their weekly data, but 
sending the grouped messages from a study 
staff person rather than from a generic study 
email address. There are advantages to this 
approach over individualized email counsel-
ing in terms of reduced study staff time and 
increased intervention fidelity, and over fully 
automated systems in terms of heightened 
level of participant accountability, since 
study staff emails may be familiar. Steinberg 
et al. (2013) remotely delivered an interven-
tion with semiautomated weekly email feed-
back and behavioral lessons compared to a 
wait-list control group. Following one group 
session, participants received weekly emails 
and used cellular-connected wireless scales 
to transmit daily weights. The primary be-
havioral strategy encouraged by the pro-
gram was daily weighing, which was used 
as a self-monitoring strategy to gauge prog-
ress without detailed monitoring of calories 
and exercise. Weekly feedback focused on 
adherence to daily weighing and weight loss 
progress; participants were grouped based 
on these factors and sent identical feedback 
emails. At 6 months, participants had lost 
6.6% of initial weight, compared to 0.4% in 
the wait-list group, and 43% of intervention 
participants had achieved a 5% or greater 
reduction in weight. This intervention was 
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one of the first to show that delivering an 
intervention remotely through email, with 
semiautomated feedback from study staff, 
could be effective in producing clinically sig-
nificant weight losses.

A study by Crane and colleagues used 
the semiautomated approach to deliver a 
6-month weight loss program to 107 men 
(Crane, Lutes, Ward, Bowling, & Tate, 
2015). Participants were randomized to the 
REFIT program (Rethinking Eating and 
FITness) or to a wait-list control group. 
REFIT was delivered via weekly contact 
during months 1–3, followed by monthly 
contact during months 4–6. The program 
started with two in-person groups followed 
by asynchronous online contacts for the re-
mainder of the program. The study coun-
selor emailed participants the link to an 
interactive survey module, which enabled 
weight loss and behavioral reporting, goal 
setting, and tailored feedback. Men in the 
intervention group lost 5.2% of their initial 
weight at 6 months, compared to 0.6% in 
the wait-list group. This study is notable in 
that the sample was entirely male, program 
utilization was very high (with participants 
completing 86% of the expected interactive 
survey modules), and utilization was associ-
ated with weight loss (r = –.37).

Mobile Phone
Interventions using text messages, mobile-
based websites, and smartphone applications 
have the capability to reach many people, in-
cluding those who have barriers to attend-
ing in-person programs. These interventions 
take advantage of the proliferation of mobile 
phones as part of everyday life, with 92% 
of Americans owning a cell phone and 68% 
owning a smartphone as of 2015 (Horrigan 
& Duggan, 2015; Rainie & Zickhur, 2015). 
The reliance on smartphones continues 
to rise, with the percentage of Americans 
who use smartphones exclusively to access 
the Internet increasing from 8% in 2013 to 
13% in 2015. During that same time, broad-
band subscriptions declined from 70 to 67% 
(Horrigan & Duggan, 2015). Given that 
individuals generally take their cell phones 
wherever they go and rarely turn them off, 
using mobile methods to deliver interven-
tion content, provide counseling, and collect 

self-monitoring data is a potentially cost-
effective way to reach large populations of 
people.

The use of mobile phones in the delivery 
of weight loss interventions began with the 
use of text messaging, which had already 
been shown to be effective across a range 
of behaviors, including smoking cessation, 
physical activity, and diabetes self-manage-
ment (Fjeldsoe, Marshall, & Miller, 2009; 
Head, Noar, Iannarino, & Grant Har-
rington, 2013). Efficacious components of 
these prior interventions included personal 
tailoring of messages and delivering mes-
sages in a random rather than fixed frequen-
cy (Head et al., 2013). Patrick et al. (2009) 
conducted one of the first studies to use a 
text-message-based intervention for weight 
loss, a 16-week study that randomized over-
weight adults to one of two groups: (1) an 
intervention that included text messages 
two to five times per day, printed materi-
als, and monthly brief telephone calls from a 
health counselor; or (2) a comparison group 
that received monthly printed materials on 
weight control. Text messages were used for 
self-monitoring, prompts, and support for 
behavior change, and included topics such 
as goal setting for diet and physical activ-
ity and overcoming barriers. Tailoring of 
message frequency was integrated into the 
study by allowing users to specify the timing 
and number of text messages per day. At 16 
weeks, the intervention group had lost 2.9 
kg compared to 0.9 kg in the control group. 
Participants reported high satisfaction with 
the program and remained adherent to text 
messaging at the end of 16 weeks. This was 
the first evidence to suggest that an interven-
tion delivered by text message could be feasi-
ble, acceptable to participants, and effective 
for weight loss.

Shapiro et al. (2012) tested a modified 
version of Patrick et al.’s (2009) program, in 
which adults who were overweight or obese 
were randomly assigned to an intervention 
group receiving daily text messages, but no 
monthly phone calls, or to a control group 
that received monthly e-newsletters. Partici-
pants received four text messages per day for 
the duration of the 12-month study, includ-
ing prompts, tips, questions, and tailored 
graphical feedback. The study used behav-
ioral strategies such as self-monitoring, goal 
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setting, and problem solving. Text messages 
were tailored based on baseline eating be-
haviors. There were no differences in weight 
loss between the intervention and control 
groups at 6 or 12 months (–1.7 kg and –1.0 
kg, respectively, at month 12). Text message 
adherence declined over time but was sig-
nificantly associated with weight loss. Thus, 
the text message intervention was effective 
for those who continued to participate, but 
the program may have lacked components 
that kept participants engaged, such as some 
form of human counseling.

One additional randomized controlled 
trial (RCT) evaluated a 12-month program 
delivered entirely by text message, as com-
pared to a control group (Haapala, Barengo, 
Biggs, Surakka, & Manninen, 2009). Inter-
vention participants submitted their weight 
daily via text and, in response, were given 
a tailored caloric intake goal for the day 
based on their current weight, goal weight, 
and number of days left until the target goal 
weight date. Users were able to self-monitor 
their dietary intake and report their weight 
on a study website, but no counseling was 
provided outside of text message feedback. 
Weight loss in the intervention group was 
4.5 kg at 12 months, which was significant-
ly greater than the loss in the control group 
(–1.1 kg). Participant weight reporting and 
other contacts with the study declined over 
time, from 8.2 contacts per week in months 
1–3 to 3.1 contacts per week in months 
9–12. More frequent text messaging during 
the first 3 months of the program was asso-
ciated with weight loss at 12 months.

Among the three text messaging studies 
just described, average weekly weight losses 
were highest in the 16-week study by Pat-
rick et al. (2009). Research on behavioral 
interventions has demonstrated that human 
counseling is a key component for weight 
loss (Tate et al., 2006); thus the weight losses 
in the Patrick et al. (2009) study were likely 
aided by the addition of individual monthly 
telephone calls with study health counsel-
ors. Of note, participants in this study were 
able to change the frequency and timing of 
messages over the course of the study; par-
ticipants in Haapala et al.’s (2009) study 
initiated text message contacts rather than 
receiving unprompted messages. In contrast, 
participants in the trial by Shapiro et al. 

(2012) received a fixed number of messages 
(four per day) for 1 year. It will be important 
to determine the frequency of text messages 
per day or week that is optimal and suffi-
cient for weight loss, yet does not produce 
habituation, annoyance, or feelings of intru-
sion.

Smartphone‑Delivered Interventions
With the increasing use of smartphones and 
the ability to easily disseminate smartphone 
programs, researchers have recently begun 
to study the feasibility and efficacy of using 
multiple features of smartphones to deliver 
weight loss interventions. An advantage to 
delivering intervention content and counsel-
ing exclusively using smartphones is the in-
creased program flexibility for participants, 
who can access and participate in the inter-
vention at any time. Smartphones can be 
used to deliver treatment through the use of 
mobile-based websites, native applications, 
text messaging, email, or telephone calls.

The first study to deliver a weight loss 
intervention entirely via smartphone, while 
also harnessing the advantages of modern 
wireless technology, was a 12-week RCT 
that compared a smartphone-based inter-
vention, SmartLossSM, to a health education 
control group (Martin et al., 2015). At base-
line, participants were given a calorie pre-
scription and a graph displaying the weight 
loss that could be expected if they adhered 
to dietary and physical activity recommen-
dations. Participants’ weight and activity 
were remotely monitored using wirelessly 
transmitted accelerometers and scales, and 
graphical feedback was provided via email. 
Study counselors also provided feedback 
using email, text, or telephone, and imple-
mented behavioral strategies (e.g., problem 
solving barriers to adherence) if participants 
were outside of their expected weight loss 
zone. At 12 weeks, participants in Smart-
Loss had lost 7.8 kg compared to 0.6 kg in 
the control group. This was the first study to 
demonstrate that an intervention delivered 
via smartphone with feedback from study 
counselors could result in significant weight 
loss.

An additional study randomized young 
adults who were overweight or obese to one 
of three groups for 24 months: a smartphone 
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application group, a personal coaching plus 
smartphone group, or a control group (Svet-
key et al., 2015). In the smartphone-only 
group, intervention content was delivered 
through a smartphone application that in-
cluded goal setting; social support; prompts 
to self-monitor dietary intake, activity, and 
weight; and feedback on progress. The 
coaching plus smartphone group received 
intervention content in six weekly in-person 
group sessions and monthly telephone calls 
with a personal coach. The smartphone was 
used only for self-monitoring, and partici-
pants did not receive prompts to monitor. 
Both groups had digital scales that trans-
mitted weights remotely to the study. At 
6 months, the coaching plus smartphone 
group had lost significantly more weight 
than the control group (–3.1 kg vs. –1.1 kg), 
with no other significant differences be-
tween groups. At 12 months, however, no 
significant differences in weight loss were 
observed between any groups (–1.5 kg for 
smartphone only, –3.6 kg for coaching + 
smartphone, and –2.3 kg for control). The 
results of this study indicate that a smart-
phone-only treatment without personal or 
group counseling was not as effective at pro-
moting initial weight loss (i.e., 6 months) as 
a hybrid treatment that combined in-person 
and telephone sessions with smartphone 
monitoring.

The small body of evidence on the use of 
smartphones and text messaging to deliver 
weight loss interventions demonstrates that 
these interventions were effective at produc-
ing weight loss, in comparison to control 
groups, when they included some form of 
interventionist feedback or brief counseling. 
To date, most smartphone-based programs 
appear to be less effective than in-person 
interventions. However, the modest weight 
losses can be clinically significant and re-
main impactful when considering the flex-
ibility given to participants in accessing pro-
gram content and the potential to increase 
treatment uptake by appealing to those 
who might not enroll in group treatment. 
Moreover, despite smaller weight losses, 
programs with greater automation and less 
human contact typically have a lower cost 
and staff burden, and have potential for dis-
semination and integration into programs 
that can reach large populations.

Social Media
Social media and social networking sites 
such as Twitter, Facebook, Instagram, and 
LinkedIn represent more recent technologies 
that have worldwide popularity, are com-
monly used in everyday life, and are contin-
ually being adopted by more users over time. 
Over the last decade, use of social network-
ing sites by U.S. adults has increased nearly 
tenfold, from an estimated 7% in 2005 to 
65% in 2015 (Perrin, 2015). Social media 
offer advantages similar to those of other re-
mote delivery channels, such as minimizing 
time, costs, travel, and barriers to partici-
pation. Despite the increasing use of social 
media in the past decade, relatively little is 
known about the efficacy of social media 
as an independent method of delivery for 
weight loss interventions (Dahl, Hales, & 
Turner-McGrievy, 2016).

To date, two randomized trials with 
weight loss as the primary outcome have 
evaluated interventions that included gen-
eral social networking sites as a main de-
livery channel or component of a larger 
intervention. In an 8-week pilot study, Na-
politano and colleagues randomized 52 
college students to a Facebook Plus, Face-
book, or a wait-list control group (Napoli-
tano, Hayes, Bennett, Ives, & Foster, 2013). 
Both intervention groups received access 
to a Facebook group (two separate groups 
for Facebook Plus and Facebook), through 
which intervention content was delivered, 
including polls and invitations to health-
related events. Additionally, Facebook Plus 
participants received a digital scale, pedom-
eter, weekly personalized feedback reports, 
and daily text messages regarding goal set-
ting, self-monitoring, and social support. 
These participants also identified a “buddy” 
external to the study to provide support. 
The Facebook Plus group produced signifi-
cantly more weight loss (–2.4 kg) than both 
the Facebook (–0.6 kg) and control groups 
(–0.2 kg). In the Facebook group, 24% of 
participants “liked” the study-related posts, 
and 41% commented or posted on the page 
at least once, compared to 22% in the Face-
book Plus group who “liked” study-related 
posts and 78% who commented or posted 
on the page. This was the first pilot study 
to demonstrate the feasibility of delivering 
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weight loss content to college students using 
Facebook. However, the results suggest that 
Facebook was effective only when supple-
mented with additional support and feed-
back from study staff.

In a 6-month randomized trial among 96 
overweight adults, Turner-McGrievy and 
Tate (2011) used Twitter as a social support 
supplement to a podcast intervention that 
delivered content through a theory-based 
weight loss podcast. This podcast, which 
included nutrition and exercise informa-
tion, instructions for setting goals, and a 
soap opera depicting weight loss experiences 
and expectations, had already been shown 
to be more effective at producing short-term 
weight loss than a publicly available weight 
loss podcast (Turner-McGrievy et al., 2009). 
Participants were randomized to a podcast-
only group (Podcast) or to a group that re-
ceived the podcast in addition to a mobile 
app for monitoring diet and activity, as well 
as Twitter interactions with a counselor and 
peers (Podcast + Mobile). Participants in 
both groups received two 15-minute pod-
casts per week in months 1–3, and two 
5-minute mini-podcasts per week in months 
4–6. Mean weight losses of 2.7% of initial 
weight were achieved in both groups at 6 
months, suggesting no added effect of mo-
bile self-monitoring and communication via 
Twitter in inducing weight loss. Despite en-
couragement to engage with Twitter daily, 
participants in the Podcast + Mobile group 
averaged two posts to Twitter per week, and 
posts declined over time. However, greater 
engagement with Twitter was associated 
with greater weight loss, such that every 10 
posts was significantly associated with al-
most –0.5% weight loss (Turner-McGrievy 
& Tate, 2013). These studies suggest that 
maintaining user engagement and reten-
tion with social-media-based components 
in a weight loss intervention is a particular 
challenge. Leveraging the way that people 
currently use social media (e.g., enrolling 
groups of existing acquaintances) may fa-
cilitate better engagement with interventions 
over time (Maher et al., 2014). Thus, pro-
moting user engagement with social media 
and online social networks within remotely 
delivered weight loss programs has the po-
tential to improve outcomes and is worthy 
of future research efforts.

Summary and Future Directions

Advances in technology have enabled the 
evaluation of many alternative approaches to 
face-to-face weight management programs. 
Overall, interventions across a variety of 
remotely delivered approaches have demon-
strated positive impact, with some achieving 
clinically significant weight loss outcomes. 
Those that included regular feedback from a 
trained interventionist, self-monitoring, and 
social support with other participants gen-
erally produced greater weight losses than 
programs that lacked these features. This 
finding is consistent with a prior review that 
found that counselor feedback, self-monitor-
ing, social support, and use of a structured 
and individually tailored program were key 
components of technology-based interven-
tion (Khaylis, Yiaslas, Bergstrom, & Gore-
Felton, 2010). However, despite individual 
tailoring of some program components, 
there remains wide variability in treatment 
response between individuals. Efforts to 
identify why interventions are efficacious for 
some participants but not others, and to un-
derstand the characteristics of so-called re-
sponders and nonresponders to various obe-
sity treatments, could facilitate the delivery 
of more personalized approaches that adapt 
to individual needs for support.

As technologies advance, opportunities 
will continuously emerge to utilize tech-
nology strategies for more efficient data 
capture, to identify nonresponders, and to 
adapt interventions so that they can be deliv-
ered more precisely and “just in time” when 
needed. Smartphones and wearable activ-
ity monitors now allow for the collection 
of large amounts of data that can be used 
to further specify and refine interventions. 
However, researchers must implement strat-
egies that improve the efficiency and quality 
of interventions using these new technolo-
gies. Study designs used for building adap-
tive interventions include stepped care and 
sequential, multiple-assignment, random-
ized trials (SMART; Collins, Nahum-Shani, 
& Almirall, 2014). For more efficient devel-
opment of remotely delivered interventions, 
a multiphase optimization strategy (MOST) 
that utilizes factorial designs can be applied 
to optimize multicomponent interventions 
for weight loss prior to evaluation (Collins, 
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Kugler, & Gwadz, 2015). Use of just-in-time 
adaptive interventions (JITAIs) is an emerg-
ing research method that capitalizes on the 
ability of mobile technology to continuously 
monitor an individual’s status and context 
in real time, adapt moment to moment, and 
deliver the right type of intervention support 
for behavior change only when needed (e.g., 
prompt to weigh after 3 days without weigh-
ing; Nahum-Shani, Hekler, & Spruijt-Metz, 
2015). To date, little research has used these 
newer approaches to evaluate remotely de-
livered weight loss treatments. As the health 
information and communication landscapes 
continue to rapidly evolve as a result of mo-
bile technologies, novel interventions and 
rapid research approaches are needed to 
keep pace with these changes and to lever-
age them in implementing and disseminating 
weight loss treatments.
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Guidelines on weight management in adults 
from the American Heart Association/
American College of Cardiology/The Obe-
sity Society (AHA/ACC/TOS) recommend 
enrollment in a high-intensity, comprehen-
sive lifestyle program for at least 6 months 
to achieve a 3–5% weight loss (Jensen et 
al., 2014). With this degree of weight loss, 
patients can lower blood glucose and tri-
glycerides, and those at risk can prevent 
the development of type 2 diabetes melli-
tus. With additional weight loss, additional 
cardiovascular risk reduction benefits can 
occur, such as lowering blood pressure and 
low-density-lipoprotein (LDL) cholesterol, 
raising high-density-lipoprotein (HDL) cho-
lesterol, and reducing the need for medica-
tions. The guidelines recommend that these 
programs include at least 14 in-person or 
group sessions led by a trained intervention-
ist during the 6-month period and use be-
havioral strategies to encourage consump-
tion of a lower-calorie diet and increased 
physical activity. The U.S. Preventive Ser-
vices Task Force (USPSTF, 2012) recom-
mends that similar elements be included in 
obesity counseling programs. Although a 
large body of evidence supports the recom-
mendation of these programs, most prac-

tices do not offer such programs, and few 
weight loss programs in the community 
may meet these guidelines (Bloom, Mehta, 
Clark, & Gudzune, 2016). Therefore, clini-
cians may have difficulty finding an appro-
priate program to which they can refer their 
patients.

Commercial weight loss programs are 
available across the United States and pro-
vide nonmedical services, including individ-
ual or group counseling, menu and exercise 
planning, meal replacement products, and 
weight measurement monitoring to assist 
clients in losing weight. Over $2 billion is 
spent annually on such commercial weight 
loss services (IBISWorld, 2016). Therefore, 
commercial weight loss programs may be 
able to address this gap. The AHA/ACC/
TOS guidelines suggest that some commer-
cial-based programs may be recommended if 
there is peer-reviewed, published evidence of 
their efficacy and safety (Jensen et al., 2014). 
In this chapter, we review the evidence from 
randomized controlled trials (RCTs) of com-
mercial weight loss programs (of 6 months 
or more) that provide high-intensity, com-
prehensive lifestyle interventions that in-
clude diet, physical activity, behavioral strat-
egies, and support.

C H A P T E R  2 9

Commercial Weight Loss Programs
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Weight Watchers

Weight Watchers is a high-intensity program 
in which individuals monitor their food in-
take by tracking “points”; track their physi-
cal activity; and participate in group, one-
on-one, or online support sessions. Weight 
Watchers captures approximately 25% of 
the market share of the commercial weight 
loss services industry (IBISWorld, 2016). 
Relative to the other commercial programs 
reviewed in this chapter, Weight Watchers 
has the lowest costs (approximately $40 per 
month). However, clinicians should be aware 
that patients also need to factor in their costs 
for food in order to make a more appropri-
ate price comparison with all other programs 
described in this chapter that use meal re-
placements (i.e., costs of these foods are in-
cluded in the monthly estimates). A previous 
cost-effectiveness analysis, which did factor 
in food costs, found that Weight Watchers 
was the most cost-effective weight manage-
ment strategy compared with other commer-
cial programs (Finkelstein & Kruger, 2014).

RCTs showed that Weight Watchers par-
ticipants achieved weight losses ranging from 
3.6 to 7.3% of initial weight at 6 months 
and 3.1 to 5.5% at 12 months (Figure 29.1). 
These reductions were significantly greater 
than the control groups at both time points 
(between-group difference ≥ 3.6% loss at 6 
months and ≥ 2.6% at 12 months; Gudzune 
et al., 2015). However, there was less differ-
ence between Weight Watchers and typical 
counseling interventions delivered in health 
care settings. When a trained psychologist 
delivered the counseling intervention, par-
ticipants in this treatment arm had similar 
weight losses to those achieved by Weight 
Watchers participants (–5.4 kg compared 
to –6.0 kg at 48 weeks, respectively; Pinto, 
Fava, Hoffmann, & Wing, 2013). When 
compared to a counseling intervention de-
livered by a primary care physician, Weight 
Watchers participants lost more weight 
(Jolly et al., 2011). Participating in Weight 
Watchers clearly results in greater weight 
loss than doing nothing, and typically meets 
the AHA/ACC/TOS weight loss goal of a 
3–5% sustained reduction or greater.

Several RCTs have reported cardiovascular 
disease (CVD) risk factor outcomes among 

Weight Watchers participants. In most tri-
als, Weight Watchers participants achieved 
no significant between-group difference in 
systolic blood pressure and modest improve-
ments in diastolic blood pressure (0.8–1.8 
mmHg greater reduction) and lipids (3.5 
mg/dL greater reduction in LDL cholesterol 
and 1.2 mg/dL greater increase in HDL cho-
lesterol) outcomes relative to controls at 12 
months (Mehta et al., 2016). Weight Watch-
ers significantly lowered blood glucose more 
than the control group at 6 months; however, 
no significant between-group differences ex-
isted at 12 months (Chaudhry et al., 2016). 
Although these RCTs reported on CVD risk 
factors, it is important to note that they did 
not specifically recruit individuals with ele-
vated CVD risk. As a result, the mean values 
for blood pressure, lipids, and blood glucose 
were all within the normal range at baseline, 
which may have diminished the magnitude 
of the program’s effect on these outcomes. 
In addition, the degree of relative weight 
loss achieved with Weight Watchers may 
have been insufficient to result in substantial 
between-group differences in CVD risk fac-
tors. Recently, an RCT compared a modified 
version of Weight Watchers to a diabetes 
education program among individuals with 
pre-diabetes (Marrero et al., 2016). Weight 
Watchers participants had a significantly 
lower HbA1C than control participants at 6 
months (–0.22% and –0.14%, respectively); 
however, this effect was attenuated and not 
statistically significant at 12 months, despite 
the Weight Watchers participants’ achieving 
a significantly greater weight loss of approx-
imately 5% of baseline body weight.

When reported, no serious adverse events 
occurred in trials of Weight Watchers’ par-
ticipants (Gudzune et al., 2015). No other 
harmful outcomes were reported in the tri-
als.

In summary, Weight Watchers has clear 
evidence to support its efficacy in achieving 
sustained, modest weight losses; however, 
the program has only moderate benefits 
for CVD risk factor reduction within low-
risk populations (Table 29.1). It is unclear 
whether greater CVD risk factor reduction 
might occur if this program were tested 
among populations with preexisting hyper-
tension, dyslipidemia, or pre-diabetes.
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Jenny Craig

Jenny Craig encourages the use of prepack-
aged meal replacements as part of its pro-
grams, along with increased physical activity 
and counseling that may occur one-on-one, 
in groups, or online. The program’s meal re-
placements have variable sodium and satu-

rated fat levels (sodium range per item: 30–
660 mg; saturated fat range per item: 0–4.0 
g; Jenny Craig, 2016). In 2014, Jenny Craig 
had 13% of the market share of the commer-
cial weight loss services industry (Gudzune 
et al., 2015); however, more recent market 
share data for this program are not avail-
able (IBISWorld, 2016). Including the cost 

FIGURE 29.1. Mean percent reduction in initial weight achieved by commercial weight loss programs 
at 6 and 12 months. All data abstracted from results of RCTs of commercial weight loss programs with 
outcomes near the 6- and 12-month time points. Diamond size reflects the baseline sample size in the 
commercial weight loss program arm. Confidence intervals are presented when variance estimates were 
provided in the published study.
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of the Jenny Craig food, the program costs 
approximately $570 per month.

Jenny Craig participants achieved weight 
losses ranging from 7.8 to 10.0% of initial 
weight at 6 months and from 7.1 to 10.9% 
at 12 months (Figure 29.1). These reductions 
were significantly greater than control or 
counseling comparators at both time points 
(between-group difference ≥ 5.7% loss at 6 
months and ≥ 4.9% at 12 months; Gudzune 
et al., 2015). Based on a meta-analysis of 
randomized trials, Jenny Craig participants 
typically lose 6.4 kg more than control par-
ticipants at 12 months (Johnston et al., 2014).

Three RCTs have reported CVD risk fac-
tor outcomes among Jenny Craig partici-
pants. These individuals achieved modest 
improvements in blood pressure relative to 
a comparator group at 6 months (2.0–4.0 
mmHg greater reduction in systolic blood 
pressure and 5.0–6.0 greater reduction in 
diastolic blood pressure); however, these 
benefits were not consistently sustained at 
12 months (Mehta et al., 2016). This pro-
gram did not result in greater reduction in 
LDL cholesterol relative to comparators, al-
though program participants tended to have 
larger increases in HDL cholesterol rela-
tive to comparators (0.0–7.0 mg/dL greater 
increase in HDL cholesterol at 12 months; 
Mehta et al., 2016). No RCTs reported on 

the effect of Jenny Craig on blood glucose 
among individuals without diabetes melli-
tus. However, one RCT did test the effect of 
Jenny Craig among patients with type 2 dia-
betes. This intervention yielded significant 
reductions in HbA1C that were 0.4% great-
er than a comparator intervention (1-hour 
counseling session with dietitian followed 
by monthly calls or email) at 12 months 
and enabled a majority of individuals to re-
duce or stop their hypoglycemic medications 
(Chaudhry et al., 2016).

When reported, two deaths occurred 
among Jenny Craig participants (1% of par-
ticipants), which were not attributed to par-
ticipation in the program. One participant 
required cholecystectomy in one trial (3% of 
participants; Gudzune et al., 2015).

In summary, there is clear evidence to 
support Jenny Craig’s efficacy in producing 
sustained, clinically significant weight loss. 
Additional evidence indicates that Jenny 
Craig may facilitate improvement in HbA1C 
and reduction in hypoglycemic medications 
among individuals with type 2 diabetes mel-
litus (Table 29.1). However, the program has 
few demonstrated benefits on other CVD 
risk factors. Given the potential weight loss 
and glycemic benefits, patients with type 2 
diabetes mellitus may achieve substantial 
benefits from Jenny Craig.

TABLE 29.1. Summary of Outcomes for Selected Commercial Weight Loss Programs 
Relative to Comparator Conditions Included in Each Study

Program Weight loss Blood pressure Lipids Glucose

Weight Watchers
(12-month outcomes)

≥ 3% SBP 
DBP 

LDL-c 
HDL-c 



Jenny Craig
(12-month outcomes)

≥ 5%  LDL-c 
HDL-c 

 A1C in DM

Nutrisystem
(6-month outcomes)

6% SBP 
DBP 

  A1C in DM

HMR
(6-month outcomes)

13% Unknown LDL-c 
HDL-c unknown

 Glucose

OPTIFAST
(6-month outcomes)

≥ 4% SBP 
DBP 

  A1C in DM

Medifast
(6-month outcomes)

2% SBP 
DBP 

 Unknown

Note. A1C, hemoglobin A1C; DM, diabetes mellitus; HDL-c, high-density-lipoprotein cholesterol; LDL-
c, low-density-lipoprotein cholesterol;  , no difference; , decrease; , increase.
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Nutrisystem

Similar to Jenny Craig, Nutrisystem encour-
ages the partial use of prepackaged meal re-
placements along with exercise plans. Some 
versions may include access to advice from 
dietitians and counselors. Sodium and satu-
rated fat levels in Nutrisystem’s foods also 
vary (sodium range per item: 0–600 mg; sat-
urated fat range per item: 0–7.0 g; Nutrisys-
tem, 2016). Nutrisystem has approximately 
21% of the market share (IBISWorld, 2016). 
Including the charges for the Nutrisystem 
food, the program costs approximately $280 
per month.

Nutrisystem participants achieved an av-
erage weight loss of 7.8% of initial weight 
at 6 months in one trial among patients with 
type 2 diabetes (Figure 29.1), which was 
significantly greater than the comparator 
condition that participated in nine group 
counseling sessions over 6 months as part 
of a diabetes self-management education 
program (between-group difference of 5.7% 
loss at 6 months; Gudzune et al., 2015). 
Based on a meta-analysis of randomized tri-
als, Nutrisystem participants typically lose 
7.4 kg more than no-diet control groups at 6 
months (Johnston et al., 2014). With respect 
to CVD outcomes, Nutrisystem reduced sys-
tolic blood pressure significantly more than 
counseling at 6 months (4.7 mmHg greater 
reduction), but showed no between-group 
differences in diastolic blood pressure, LDL 
cholesterol, or HDL cholesterol (Mehta et 
al., 2016). However, Nutrisystem did sig-
nificantly reduce HbA1C by 0.3% more 
than counseling at 6 months in this trial of 
patients with type 2 diabetes (Chaudhry et 
al., 2016). Unfortunately, there have been no 
long-term (≥ 1 year) evaluations of Nutrisys-
tem.

When reported, two serious adverse 
events (urinary retention with hematuria 
and myocardial infarction that occurred 
between screening and baseline visits) oc-
curred among Nutrisystem participants in 
one trial (4% of participants; Gudzune et 
al., 2015). No other harmful outcomes were 
reported.

In summary, Nutrisystem has only pre-
liminary evidence regarding its short-term 
weight loss efficacy and glycemic benefits 
(Table 29.1), given that only one trial has 

reported outcomes with this program at 6 
months, and no trials have been conducted 
that follow participants to 12 months or 
beyond. Additional RCTs examining long-
term outcomes with Nutrisystem are needed 
to consider routine referrals by clinicians.

Health Management Resources

Health Management Resources (HMR) pro-
motes the use of meal replacement shakes 
and bars, along with increased physical 
activity and counseling that may occur in 
groups or via telephone coaching. HMR 
is frequently offered as part of a medically 
supervised weight loss program in which 
different calorie options are available; low-
calorie (1,200–1,500 calories daily) and 
lower-calorie (fewer than 1,200 calories 
daily) may be offered. Including the cost of 
the HMR meal replacements, the program 
costs approximately $680 per month.

In one trial, participants prescribed a low-
calorie version of HMR achieved an average 
loss of 13.9% of initial weight at 6 months 
(Figure 29.1), which was significantly great-
er than the counseling comparator that re-
ceived three to four individual counseling 
sessions with a dietitian during the study 
period (between-group difference of 13.2% 
loss at 6 months; Gudzune et al., 2015). An-
other RCT found that a low-calorie version 
of HMR delivered with telephone group 
counseling was equivalent to the same pro-
gram delivered with in-person group coun-
seling (Donnelly et al., 2013). Weight losses 
at 6 months were 12.3% in the telephone 
group and 13.4% in the in-person group. 
HMR significantly lowered fasting blood 
glucose 10.4 mg/dL more than counseling 
at 6 months (Chaudhry et al., 2016), but no 
statistically significant between-group dif-
ference existed in LDL cholesterol (Mehta et 
al., 2016). No blood pressure or HDL cho-
lesterol outcomes were reported. No long-
term trials have evaluated HMR.

Among HMR participants, constipation 
occurred commonly (56% of participants; 
Gudzune et al., 2015). No trials reported on 
serious adverse events.

In summary, HMR has only preliminary 
evidence supporting its short-term weight 
loss efficacy and glycemic benefits (Table 
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29.1), given the single short-term trial. Clini-
cians should be aware that constipation oc-
curs commonly among participants in this 
program. Additional RCTs of HMR that 
follow participants to 12 months or beyond 
are needed to consider routine referrals by 
clinicians.

OPTIFAST

OPTIFAST is used as part of medically su-
pervised weight loss programs in which both 
low-calorie (1,000–1,500 calories daily) and 
very-low-calorie (≤ 800 calories daily) op-
tions may be offered. These programs use 
the OPTIFAST meal replacement shakes 
and bars along with increased physical ac-
tivity and counseling that may occur in 
groups or one-on-one. Including the price of 
the OPTIFAST meal replacements, the pro-
gram costs approximately $670 per month.

OPTIFAST participants achieved weight 
losses ranging from 12.0 to 16.1% of initial 
weight at 6 months and 8.6% at 15 months 
(Figure 29.1). Reductions were significantly 
greater than counseling and control condi-
tions at 6 months (between-group differ-
ence ≥ 4% loss at 6 months), but not at 15 
months in one trial (between-group differ-
ence = 2.3% at 12 months; Gudzune et al., 
2015). With respect to CVD risk factors, 
only one RCT has reported these outcomes 
with a very-low-calorie version of OPTI-
FAST among patients with diabetes mellitus 
(Wing, Blair, Marcus, Epstein, & Harvey, 
1994). OPTIFAST participants had lower 
blood pressure (3 mmHg for both systolic 
and diastolic blood pressure) and HbA1C 
(0.3%) than a counseling comparator at 6 
months; however, LDL and HDL cholesterol 
were not improved (Chaudhry et al., 2016; 
Mehta et al., 2016).

When reported, four deaths had occurred 
among OPTIFAST participants in two tri-
als (< 0.1% of participants; Gudzune et al., 
2015). Biliary disorders, constipation, and 
hair loss occurred infrequently (0.1–0.2%, 
0.3%, and 0.6–7.7%, respectively; Gudzune 
et al., 2015).

In summary, evidence from multiple RCTs 
supports OPTIFAST’s short-term weight 
loss efficacy (Table 29.1). However, OPTI-
FAST has only preliminary evidence regard-

ing its glycemic benefits among patients with 
type 2 diabetes, given that only a single trial 
has reported this outcome at 6 months. Fur-
thermore, it is unclear whether participation 
in the OPTIFAST program improves other 
CVD risk factors. Additional RCTs of OP-
TIFAST that examine blood pressure, lipids, 
and glycemia at 12 months or beyond are 
needed to clarify the effect on these out-
comes.

Medifast

Medifast also promotes the use of meal re-
placement products (shakes, bars, meals, 
and snacks) along with increased physical 
activity and counseling that may occur one-
on-one or via online coaching. Medifast of-
fers low-calorie (1,000–1,800 calories daily) 
options. Unlike HMR and OPTIFAST, 
Medifast is not typically provided as part 
of a medically supervised weight loss pro-
gram; the product is sold direct to consum-
ers. Medifast has approximately 12% of the 
market share (IBISWorld, 2016). Including 
the cost of the Medifast meal replacements, 
the program costs approximately $420 per 
month.

Medifast participants achieved an aver-
age weight loss of 7.8% of initial weight at 
9 months in one trial (Figure 29.1), which 
was not significantly greater than a counsel-
ing control condition (between-group differ-
ence of 1.9% loss at 6 months; Gudzune et 
al., 2015). Medifast lowered diastolic blood 
pressure significantly more than counsel-
ing at 9 months (4.6 mmHg greater reduc-
tion), but did not significantly improve sys-
tolic blood pressure, LDL cholesterol, or 
HDL cholesterol (Mehta et al., 2016). This 
trial did not report any glycemic outcomes 
(Chaudhry et al., 2016). No long-term tri-
als of Medifast have been published. When 
reported, no serious adverse events had oc-
curred among Medifast participants (Gud-
zune et al., 2015). No other harms were re-
ported.

In summary, Medifast has preliminary 
evidence regarding its short-term weight loss 
efficacy (Table 29.1); however, it is unclear 
whether the program has any benefits for 
CVD risk factors. Additional RCTs of Medi-
fast that follow participants for 12 months 
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or more and report effects on CVD risk fac-
tors are needed to consider routine referrals 
by clinicians.

Head‑to‑Head Comparisons 
of Commercial Weight Loss Programs

To date, most RCTs have compared com-
mercial weight loss programs to control or 
counseling comparator groups. A head-to-
head trial of different programs is the only 
methodology that is appropriate for directly 
comparing programs to determine whether 
one produces greater weight loss than an-
other. Given that the studies with control or 
counseling comparators summarized above 
have differences in comparator groups and 
eligibility criteria, direct comparison of 
these programs is not appropriate using the 
current data. Few studies have directly com-
pared commercial weight loss programs, 
and all trials to date have only reported out-
comes at 3 months (Vakil et al., 2016). No 
long-term head-to-head trials comparing 
these programs exist, so it remains unclear 
whether or not the differences in weight 
loss achieved at 6 or 12 months, as reported 
above (e.g., 3% weight loss at 12 months for 
Weight Watchers vs. 7% weight loss at 12 
months for Jenny Craig) are truly different.

Commercial Weight Loss Programs 
with Cancer Survivors

Given the association between obesity 
and increased risk of some types of cancer 
(Flegal, Graudbard, Williamson, & Gail, 
2007), there is growing interest in weight 
loss among cancer survivors. In particular, 
breast cancer survivors with obesity have a 
46% higher risk of cancer recurrence (Ew-
ertz et al., 2011) and 40% greater odds of 
a second primary contralateral breast can-
cer as compared to normal-weight survivors 
(Li, Daling, Porter, Tang, & Malone, 2009). 
In the Nurses’ Health Study, female breast 
cancer survivors who had body mass index 
(BMI) increases of ≥ 2 kg/m2 had a 53% 
greater likelihood of recurrence compared 
with those whose BMI remained stable dur-
ing a median follow-up of 9 years (Kroenke, 
Chen, Rosner, & Holmes, 2005). Given the 

popularity of commercial and proprietary 
weight loss programs among women (Cle-
land et al., 2001), many breast cancer survi-
vors are likely to turn to these programs to 
lose weight.

To date, two RCTs have examined the 
weight loss efficacy of commercial pro-
grams among breast cancer survivors with 
overweight or obesity. One trial compared 
Weight Watchers to both control and coun-
seling comparators; the control group only 
received printed materials on healthy nutri-
tion, whereas the counseling group received 
intensive counseling by a dietitian (weekly 
sessions for the first 3 months, biweekly for 
the second 3 months, then monthly thereaf-
ter). As compared to control, women who 
participated in Weight Watchers lost more 
weight (between-group differences of –1.8% 
and –4.0% at 6 and 12 months, respective-
ly; Djuric et al., 2002). However, women 
in the counseling group lost more weight 
than the Weight Watchers group at 6 and 12 
months (between-group differences of 4.9% 
and 5.9%, respectively; Djuric et al., 2002). 
This trial did not report breast cancer recur-
rence outcomes. The other trial compared 
Curves to a control group. Curves encour-
ages women to lose weight through physical 
activity at local centers, along with dietary 
change promoted during a 6-week nutrition 
course led by center staff. As compared to 
a control group, Curves participants lost 
significantly more weight at 6 months (be-
tween-group difference of –1.5%; Greenlee 
et al., 2013). No cases of breast cancer re-
currence occurred in the Curves arm, and 
one recurrence occurred in the control. In 
summary, both Weight Watchers and Curves 
show preliminary success in achieving mod-
est weight loss relative to control groups in 
female breast cancer survivors.

Other Commercial Programs

Many commercial weight loss programs 
include diet, physical activity, behavioral 
strategies, and support. However, they did 
not have any peer-reviewed, published, ran-
domized controlled trials of their efficacy 
and safety that met the eligibility criteria for 
a recent systematic review (Gudzune et al., 
2015). Table 29.2 lists these programs.
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Alternatively, other commercial programs 
do have randomized controlled trials exam-
ining their efficacy (Table 29.2); however, 
they do not offer all elements of a compre-
hensive lifestyle intervention focused on 
weight loss (Jensen et al., 2014; U.S. Preven-
tive Services Task Force, 2012). Despite this, 
evidence clearly supports the weight loss ef-
ficacy of the Atkins, Ornish, Volumetrics, 
and Zone diets. Atkins advises participants 
to eat a low-carbohydrate diet. Ornish is a 
CVD risk reduction program that emphasiz-
es a low-fat vegetarian diet, exercise, stress 
management, and group support, which has 
been tested in patients with preexisting cor-
onary heart disease. Volumetrics promotes 
eating less energy dense foods to lose weight. 
Zone encourages eating meals in which 40% 
of calories come from carbohydrates, 30% 
from protein, and 30% from fat. Relative 
to a no-diet comparator, at 12 months, At-
kins resulted in a 6.4 kg greater weight loss, 
Ornish in a 6.6 kg greater loss, and Volu-
metrics and Zone both resulted in a 6.0 kg 
greater weight loss (Johnston et al., 2014). 
Although these programs have evidence to 
support their weight loss efficacy and there-
fore might be potentially considered as treat-
ment options, clinicians should be aware 
that they do not have all of the components 

suggested in the USPSTF or AHA/ACC/TOS 
recommendations and are not all specifically 
designed to be weight loss programs.

Other Considerations Regarding Trials 
of Commercial Weight Loss Programs

The recent systematic reviews that synthe-
sized the evidence regarding the effects of 
commercial weight loss programs on weight 
and CVD risk factors noted that the litera-
ture base has a high risk of bias (Chaudhry 
et al., 2016; Gudzune et al., 2015; Mehta et 
al., 2016; Vakil et al., 2016), particularly re-
lated to selection bias (based on inadequate 
generation of a randomized sequence), de-
tection bias (based on lack of outcome asses-
sor blinding), and attrition bias (due to high 
losses to follow-up and inadequate handling 
of missing data). To date, most trials that 
have been conducted were supported by 
the commercial programs that were evalu-
ated, which could also alter interpretation 
or reporting of results. Clinicians should be 
aware that this body of literature has a high 
risk of bias and should take this factor into 
account, as appropriate, when interpreting 
the results and presenting this information 
to their patients.

TABLE 29.2. Index of Other Commercial Programs Not Discussed in This Chapter

Commercial weight loss programs that 
“meet guideline recommendations” 
but lack published RCTs

Commercial weight loss programs that “do not meet 
guideline recommendations” but have published RCTs

•• Best Life
•• Body for Life
•• Dukan Diet
•• Flat Belly Diet
•• Ideal Protein
•• iDiet
•• Jillian Michaels
•• L.A. Weight Loss
•• Robard
•• South Beach Diet
•• Spark People
•• Taking Off Pounds Sensibly (TOPS)

•• Atkins (self-directed with online support)
•• Biggest Loser Club (self-directed with online support)
•• eDiets (self-directed with online support)
•• Lose It! (self-directed with online support)
•• Ornish Spectrum (CVD risk reduction program)
•• SlimFast (self-directed with online support)
•• Volumetrics (self-directed without support)
•• The Zone (self-directed without support)

Note. For a program to meet guideline recommendations, the intervention must be an intensive and compre-
hensive lifestyle change program that focuses on weight loss. To be included in the recent systematic review 
(Gudzune et al., 2015), trials needed to be RCTs that lasted at least 3 months and compared a commercial 
program to control, counseling, or another commercial program. In addition, the trials needed to occur among 
overweight or obese adults, and the intervention needed to represent the program that would be available to the 
general public (e.g., programs tailored to a unique population such as the military or employer-based versions 
of the programs were excluded) and not focus on food addiction (e.g., Overeaters Anonymous).
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The outcomes achieved in these RCTs also 
may overestimate the effect of the program, 
given that study participants typically rep-
resent the most motivated group, program 
fees are often waived with study participa-
tion, and study staff is often available to aid 
in retention. A study reporting retention of 
“real-world” participants in the Jenny Craig 
program reported that 22% of enrollees 
continued to participate in the program at 
6 months and only 7% at 12 months (Finley 
et al., 2007). Finally, the benefits of mod-
est weight loss on long-term CVD outcomes, 
such as myocardial infarction or stroke, re-
main unproven (Look AHEAD Research 
Group et al., 2013). Despite reduction in 
weight and CVD risk factors among indi-
viduals with type 2 diabetes at 1, 4, and 8 
years in the Look AHEAD trial, no reduc-
tion in CVD events or mortality occurred in 
the weight loss intervention group.

Role of the Clinician with Commercial 
Weight Loss Programs

Clinicians commonly report barriers to pro-
viding weight loss counseling to their pa-
tients, including lack of training or experi-
ence (Bleich, Bennett, Gudzune, & Cooper, 
2012; Kushner, 1995). Therefore, commer-
cial weight loss programs that have evidence 
documenting their efficacy and safety may be 
a good referral option for clinicians to offer 
their patients with overweight and obesity. 
Not only can clinicians provide the referral, 
but the established relationship with the cli-
nician, particularly in the primary care set-
ting, provides opportunities for additional 
accountability for patients and support or 
“cheerleading” during follow-up visits (Ben-
nett, Gudzune, Appel, & Clark, 2014). Pa-
tients lose significantly more weight when 
they have clinicians who take this support-
ive role and communicate the need to lose 
weight in a “judgment-free” way (Bennett 
et al., 2015; Gudzune, Bennett, Cooper, & 
Bleich, 2014). Clinicians can consider using 
the five A’s behavior change strategy—as-
sess, advise, agree, assist, arrange—to help 
guide assessment, counseling, referral, and 
follow-up. Using all five A’s during a coun-
seling session is important. Health care pro-
viders often fail to include assess, assist, or 

arrange (Alexander et al., 2011). Using the 
arrange step has been associated with great-
er patient weight loss than when the health 
care provider did not use this step (Alexan-
der et al., 2011).

Insurance Coverage for Commercial 
Weight Loss Programs

The commercial weight loss services indus-
try may experience increased referrals from 
clinicians, if the benefits coverage for obesity 
screening provided in the 2010 Patient Pro-
tection and Affordable Care Act continues 
(ACA; Congressional Budget Office, 2014). 
In January of 2018, Americans who obtain 
health insurance through the ACA federal 
exchanges receive coverage for all preventive 
services receiving grade A or B recommen-
dations from the USPSTF, which include 
obesity screening and counseling. USPSTF-
covered obesity counseling interventions are 
similar to those recommended by the AHA/
ACC/TOS guidelines; thus, the commercial 
programs discussed in this chapter could po-
tentially address this need. However, the fu-
ture of the ACA and its benefits are unclear, 
and private insurance coverage for commer-
cial weight loss services is not typical at this 
time. Clinicians should watch for changes in 
benefits coverage for these programs. In ad-
dition, clinicians can explore whether these 
programs may be offered as a benefit by 
patients’ employers or suggest that patients 
consider putting funds aside in health sav-
ings accounts to help cover costs.

Conclusions

In conclusion, two commercial weight loss 
programs have demonstrated consistent 
weight loss efficacy at 12 months in multiple 
RCTs: Weight Watchers (≥ 3%) and Jenny 
Craig (≥ 7%). These weight loss programs 
also contain all elements of a comprehen-
sive lifestyle intervention recommended by 
the AHA/ACC/TOS guidelines and USPSTF 
(Jensen et al., 2014; U.S. Preventive Services 
Task Force, 2012). Despite Weight Watchers’ 
weight loss efficacy, limited improvement in 
CVD risk factors occurred, relative to con-
trol, with this program. This finding may 
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be attributable to study populations having 
normal values of blood pressure and lipids 
at baseline, and/or the modest weight losses 
achieved may have been insufficient to result 
in substantial between-group differences in 
these outcomes. Jenny Craig showed signifi-
cant reduction in HbA1C among patients 
with diabetes mellitus and improvement in 
HDL cholesterol, although the effects on 
blood pressure and LDL cholesterol showed 
little difference from the comparator. It 
should be noted that OPTIFAST demon-
strated consistent weight loss efficacy at 6 
months (≥ 12%); however, only one trial 
examined outcomes beyond 12 months, at 
which time weight loss was no longer signifi-
cantly different from the counseling control 
group. Nutrisystem, HMR, and Medifast 
each had only a single RCT that reported 
weight loss outcomes, and therefore we 
would consider their demonstrated weight 
loss efficacy to be preliminary at this time. 
Other commercial programs do not meet 
AHA/ACC/TOS and USPSTF recommenda-
tions, or have not demonstrated their efficacy 
and safety through published RCTs that test 
the program available to the general public. 
Clinicians might consider referring patients 
with CVD risk factors who wish to achieve 
a clinically significant weight loss of 5% 
or greater to Jenny Craig, whereas Weight 
Watchers may be an additional option for 
patients without comorbid conditions who 
have more modest weight loss goals (< 5% 
loss). Of course, patient preferences and fi-
nances should be taken into account during 
the discussion.
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Obesity remains one of the most pressing 
public health problems facing the United 
States. If effective methods for achieving 
weight loss and reducing the health risks 
associated with obesity are to have a sub-
stantial impact on a population level, evi-
dence-based treatment approaches will need 
to be transferred to community settings 
where they will be able to reach affected 
populations. The process of taking empiri-
cally validated interventions, developed for 
highly resourced and intensively monitored 
randomized controlled trials, and adapting 
them for implementation in real-world com-
munity settings (and testing the translated 
version to determine whether it retains po-
tency in the community setting) is a criti-
cal step in disseminating obesity research 
(Mitchell, Prochazka, & Glasgow, 2016). 
This chapter reviews some of the important 
considerations in adapting evidence-based 
obesity interventions for community set-
tings. We examine approaches that can serve 
as models for efforts to promote the diffu-
sion of effective behavioral obesity interven-
tions into community settings.

The Diabetes Prevention Program 
Lifestyle Balance Intervention

Many of the efforts to translate obesity re-
search into community-based programs 
have focused on tailoring the Diabetes Pre-
vention Program (DPP) Lifestyle Balance 
Program to the unique needs of community 
settings and/or target populations. The DPP 
was a multisite randomized clinical trial that 
examined whether a behavioral lifestyle in-
tervention would prevent the development of 
type 2 diabetes among high-risk overweight 
and obese adults (Diabetes Prevention Pro-
gram Research Group, 1999). The Lifestyle 
Balance intervention provided a “core” cur-
riculum of 16 individual sessions followed 
by a maintenance intervention that com-
bined individual and group contact, with pe-
riodic motivational campaigns to challenge 
participants to maintain weight loss and/or 
lose weight that might have been regained. 
The DPP lifestyle intervention produced an 
average weight loss of 6.9 + 4.5% at the end 
of the core curriculum (Diabetes Prevention 
Program Research Group, 2004). The inter-
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vention group sustained greater weight loss-
es and higher physical activity levels than 
the control group for 10 years (Knowler et 
al., 2009). Importantly, the intervention was 
effective across a wide range of ethnic mi-
nority groups and in both men and women 
(West, Prewitt, Bursac, & Felix, 2008). Fur-
ther, the lifestyle intervention proved to be 
more effective than medication (i.e., metfor-
min) in preventing diabetes (Diabetes Pre-
vention Program Research Group, 2002a).

The strong success of the DPP Lifestyle 
Balance Program led to the Centers for Dis-
ease Prevention and Control (CDC) to adopt 
it as the cornerstone of their diabetes preven-
tion efforts nationwide (Albright & Gregg, 
2013). The DPP approach is now consid-
ered to be one of the gold-standard obesity 
treatment interventions. The availability of 
intervention materials to the research com-
munity and public health practitioners has 
encouraged the translation of the DPP life-
style intervention into a range of commu-
nity settings. Many of the community-based 
programs have evaluated the outcomes of 
these adapted versions. Although not all 
community-based behavioral obesity treat-
ment programs are derivatives of the DPP 
Lifestyle program, most of those described 
in the scientific literature are based on so-
cial cognitive theory (Bandura, 1986), as is 
the DPP program, and share many of the 
same fundamental self-regulation strategies 
which are central to the DPP program (Dia-
betes Prevention Program Research Group, 
2002a).

Critical Considerations 
in Adapting Lifestyle Interventions 
for Community Settings

Many of the adaptations of evidence-based 
weight loss programs for delivery in com-
munity settings are driven by cost consider-
ations. Program-related costs for implement-
ing the DPP Lifestyle Balance Program were 
estimated at $2,780 per individual over 3 
years (Herman et al., 2003). Although the 
lifestyle intervention was demonstrated to 
be a cost-effective diabetes prevention ap-
proach relative to medication (Diabetes Pre-
vention Program Research Group, 2002a), it 

is resource intensive. Not surprisingly, many 
of the adaptations made in community-
based translations of the DPP lifestyle inter-
vention are focused on reducing costs.

The most commonly reported adaptations 
made to the DPP lifestyle intervention for de-
livery in community settings pertain to the 
format of intervention sessions, the number 
of intervention sessions, and/or who deliv-
ers the intervention (Neamah, Sebert Kuhl-
mann, & Tabak, 2016). Although transla-
tions that have fewer substantive changes to 
the original DPP lifestyle protocol appear to 
produce greater weight losses, there do not 
seem to be particular modifications that, 
in and of themselves, markedly reduce the 
potency of DPP’s Lifestyle Balance Program 
(Neamah et al., 2016).

Format of Treatment:  
Individual versus Group Delivery
Whether an intervention should be deliv-
ered in group or individual sessions is a 
key decision in the design of community-
based obesity treatment. The DPP study 
implemented the lifestyle intervention in 
individual sessions, largely because it was 
difficult to identify large cohorts of individ-
uals who satisfied the fairly extensive list of 
eligibility criteria for the clinical trial, and 
therefore it was not feasible to aggregate in-
dividuals into groups in a timely manner. 
Although practical limitations in the flow 
of participants precluded group administra-
tion in the original DPP Lifestyle Balance 
Program, community adaptations have not 
been similarly constrained. Group-based 
obesity treatment may actually be more ef-
fective for weight loss than individual de-
livery (Renjilian et al., 2001). Therefore, 
a common adaptation seen in community 
settings is administration of the program in 
group formats, with few communities elect-
ing to deliver the lifestyle program individ-
ually (see Table 30.1).

Intervention Duration 
and Contact Frequency
The optimal length and intensity of treat-
ment for community-based treatment has 
not yet been established, although recent 



494 

TA
BL

E 
30

.1
. 

Co
m

m
un

it
y‑

Ba
se

d 
O

be
si

ty
 T

re
at

m
en

t 
Pr

og
ra

m
s 

by
 S

et
tin

g

A
ut

ho
r 

(y
ea

r)
N

W
ei

gh
t 

lo
ss

Pr
og

ra
m

 f
or

m
at

/
le

ng
th

D
el

iv
er

ed
 b

y
Pa

rt
ic

ip
an

ts
Fo

cu
s

C
os

t

C
oo

pe
ra

ti
ve

 e
x

te
ns

io
n 

se
rv

ic
e 

of
fi

ce
s

B
ef

or
t 

et
 a

l. 
(2

01
0)

34
A

t 
6 

m
on

th
s:

 
G

ro
up

: –
14

.9
 k

g;
 

in
di

vi
du

al
: –

9.
5 

kg
; p

 =
 .0

3

In
 g

ro
up

s 
or

 
in

di
vi

du
al

ly
 b

y 
ra

nd
om

iz
at

io
n;

 1
6 

w
ee

kl
y 

se
ss

io
ns

 +
 4

 
bi

w
ee

kl
y 

se
ss

io
ns

 (
6 

m
on

th
s 

to
ta

l)

M
as

te
r’

s 
le

ve
l 

di
et

it
ia

ns
 a

nd
 

be
ha

vi
or

is
ts

O
ve

rw
ei

gh
t 

an
d 

ob
es

e 
ru

ra
l 

w
om

en
 a

ge
s 

22
–6

5

W
ei

gh
t 

lo
ss

Pr
og

ra
m

 c
os

ts
:

gr
ou

p:
 $

20
3.

73
;

in
di

vi
du

al
: $

38
2

.2
6

Pa
rt

ic
ip

an
t 

co
st

s:
 

gr
ou

p:
 $

71
4.

43
;

in
di

vi
du

al
: $

1,
02

9.
06

Pe
rr

i e
t 

al
. (

20
08

)
29

8
A

t 
6 

m
on

th
s:

 –
10

 
kg

; a
t 

18
 m

on
th

s 
(w

ei
gh

t 
re

ga
in

):
 

Fa
ce

-t
o

-f
ac

e:
 +

1.
2 

kg
; p

ho
ne

-b
as

ed
: 

+1
.2

 k
g;

 c
on

tr
ol

: 
+3

.7
 k

g

24
 w

ee
kl

y 
gr

ou
p 

se
ss

io
ns

 +
 2

6 
bi

w
ee

kl
y 

in
di

vi
du

al
 

co
nt

ac
ts

 o
ve

r 
12

 
m

on
th

s 
(1

8 
m

on
th

s 
to

ta
l)

Fa
m

ily
 a

nd
 

co
ns

u
m

er
 

sc
ie

nc
es

 a
ge

nt
s 

or
 r

es
ea

rc
h 

st
af

f

O
ve

rw
ei

gh
t 

w
om

en
 a

ge
s 

50
–7

5 
liv

in
g 

in
 

ru
ra

l a
re

a

W
ei

gh
t 

lo
ss

T
ot

al
 p

ro
gr

am
 +

 
pa

rt
ic

ip
an

t 
co

st
s:

fa
ce

-t
o

-f
ac

e:
 $

2
,5

55
;

ph
on

e-
ba

se
d:

 $
2

,1
25

;
ed

uc
at

io
n 

co
nt

ro
l: 

$1
,8

24

Pe
rr

i e
t 

al
. (

20
14

)
61

2
A

t 
2 

ye
ar

s:
 

co
nt

ro
l: 

–2
.9

%
; 

lo
w

: –
3.

5%
; 

m
od

er
at

e:
 –

6.
7%

; 
hi

gh
: –

6.
8%

In
 g

ro
up

s:
 L

ow
: 

8 
w

ee
kl

y 
+ 

8 
m

ai
nt

en
an

ce
 +

 1
 

ca
m

pa
ig

n;
 m

ed
iu

m
: 

16
 w

ee
kl

y 
+ 

16
 

m
ai

nt
en

an
ce

 +
 2

 
ca

m
pa

ig
ns

; h
ig

h:
 

24
 w

ee
kl

y 
+ 

24
 

m
ai

nt
en

an
ce

 +
 3

 
ca

m
pa

ig
ns

; c
on

tr
ol

: 
16

 s
es

si
on

s 
of

 
nu

tr
it

io
n 

ed
uc

at
io

n 
(2

4 
m

on
th

s 
to

ta
l)

C
oo

pe
ra

ti
ve

 
ex

te
ns

io
n 

se
rv

ic
es

 f
am

ily
 

an
d 

co
ns

u
m

er
 

sc
ie

nc
e 

ag
en

ts
 o

r 
re

se
ar

ch
 s

ta
ff

O
be

se
 a

du
lt

s 
ag

es
 2

1–
75

 li
vi

ng
 

in
 r

u
ra

l a
re

a

W
ei

gh
t 

lo
ss

T
ot

al
 c

os
t:

co
nt

ro
l: 

$1
3,

23
3;

lo
w

: $
16

,3
51

;
m

od
er

at
e:

 $
19

,4
26

;
hi

gh
: $

26
,6

30

C
os

t 
pe

r 
pa

rt
ic

ip
an

t:
co

nt
ro

l: 
$7

8;
lo

w
: $

11
1;

m
od

er
at

e:
 $

14
5;

hi
gh

: $
16

5

C
os

t 
pe

r 
kg

 lo
st

:
co

nt
ro

l: 
$2

8;
lo

w
: $

33
;

m
od

er
at

e:
 $

22
;

hi
gh

: $
25

C
hu

rc
h 

se
tt

in
gs

K
ru

ko
w

sk
i e

t 
al

. 
(2

01
0)

34
A

t 
4 

m
on

th
s:

 
Fa

it
h-

ta
ilo

re
d

16
 w

ee
kl

y 
gr

ou
p 

se
ss

io
ns

M
as

te
r’

s 
in

 
pu

bl
ic

 h
ea

lt
h

O
ve

rw
ei

gh
t 

or
 

ob
es

e 
ch

u
rc

h
W

ei
gh

t 
lo

ss
D

at
a 

no
t 

pr
ov

id
ed



 495

In
t:

 –
8.

1 
± 

4.
1%

; 
st

an
da

rd
 I

nt
: –

7.
9 

± 
4.

2%
; p

 =
 .9

8

st
ud

en
t 

w
ho

 w
as

 
a 

m
em

be
r 

of
 t

he
 

ch
u

rc
h

m
em

be
rs

 a
ge

s 
21

 
or

 o
ld

er

M
cN

ab
b 

et
 a

l. 
(1

99
7)

39
A

t 
14

 w
ee

k
s:

 I
nt

: 
–4

.5
 k

g;
 c

on
tr

ol
: 

0.
9 

kg
; p

 <
 .0

0
01

14
 w

ee
kl

y 
gr

ou
p 

se
ss

io
ns

L
ay

 h
ea

lt
h 

ed
uc

at
or

s
O

be
se

 A
fr

ic
an

 
A

m
er

ic
an

 f
em

al
e 

ch
u

rc
h 

m
em

be
rs

W
ei

gh
t 

lo
ss

D
at

a 
no

t 
pr

ov
id

ed

W
il

li
am

s 
et

 a
l. 

(2
01

3)
; S

at
ti

n 
et

 
al

. (
20

16
)

60
4

A
t 

12
 w

ee
k

s:
 I

nt
: 

–2
.6

2 
kg

; c
on

tr
ol

: 
+ 

0.
5 

kg
 p

 =
 .0

01
; 

at
 1

2 
m

on
th

s:
 I

nt
: 

–2
.3

9 
kg

; c
on

tr
ol

: 
+0

.4
7 

kg
; p

 =
 .0

05

12
 w

ee
kl

y 
gr

ou
p 

se
ss

io
ns

 +
 6

 g
ro

up
 

bo
os

te
r 

se
ss

io
ns

 (1
2 

m
on

th
s 

to
ta

l)

H
ea

lt
h 

pr
of

es
si

on
al

s 
(7

2%
 w

er
e 

nu
rs

es
) 

w
ho

 
w

er
e 

ch
u

rc
h 

m
em

be
rs

O
ve

rw
ei

gh
t 

or
 

ob
es

e 
A

fr
ic

an
 

A
m

er
ic

an
s 

ag
es

 
20

–6
4

W
ei

gh
t 

lo
ss

 
an

d 
di

ab
et

es
 

pr
ev

en
ti

on

D
at

a 
no

t 
pr

ov
id

ed

Y
an

ek
 e

t 
al

. (
20

01
)

52
9

A
t 

12
 m

on
th

s:
 I

nt
: 

–0
.4

9 
kg

; c
on

tr
ol

: 
+0

.3
8 

kg
; p

 =
 

.0
0

08

20
 w

ee
kl

y 
gr

ou
p 

In
t 

se
ss

io
ns

 +
 w

ee
kl

y 
su

pp
or

t 
se

ss
io

ns
 f

or
 

7 
m

on
th

s 
(1

2 
m

on
th

s 
to

ta
l)

Fe
m

al
e 

A
fr

ic
an

 
A

m
er

ic
an

 h
ea

lt
h 

ed
uc

at
or

s 
(s

tu
dy

 
st

af
f)

 a
nd

 c
hu

rc
h 

la
y 

le
ad

er
s

A
fr

ic
an

 
A

m
er

ic
an

 
w

om
en

 a
ge

s 
40

 
an

d 
ol

de
r

C
ar

di
ov

as
cu

la
r 

he
al

th
 

pr
om

ot
io

n 
fo

r 
A

fr
ic

an
 

A
m

er
ic

an
 

w
om

en

D
at

a 
no

t 
pr

ov
id

ed

Y
M

C
A

s

A
ck

er
m

an
n 

et
 a

l. 
(2

0
08

, 2
01

1)
92

A
t 

12
 m

on
th

s:
 

In
t:

 –
6%

; c
on

tr
ol

: 
–1

.8
%

; p
 =

 .0
08

; 
at

 2
8 

m
on

th
s:

 
(7

2%
 o

f 
or

ig
in

al
 

D
E

PL
O

Y
 s

am
pl

e 
co

nt
in

ue
d 

in
 

ex
te

nd
ed

 s
tu

dy
):

 
In

t:
 –

6%
 f

ro
m

 
ba

se
li

ne
; c

on
tr

ol
 

+ 
In

t:
 –

3.
6%

 f
ro

m
 

ba
se

li
ne

16
 g

ro
up

 s
es

si
on

s 
ov

er
 1

6 
w

ee
ks

 +
 1

2 
gr

ou
p 

se
ss

io
ns

 o
ve

r 
8 

m
on

th
s 

(1
2 

m
on

th
s 

to
ta

l);
 f

ol
lo

w
ed

 b
y 

bo
th

 I
nt

 a
nd

 c
on

tr
ol

 
of

fe
re

d 
5 

w
ee

kl
y 

gr
ou

p 
se

ss
io

ns
 +

 
8 

m
on

th
ly

 g
ro

up
 

se
ss

io
ns

T
ra

in
ed

 Y
M

C
A

 
st

af
f

O
ve

rw
ei

gh
t 

ad
ul

ts
 w

it
h 

el
ev

at
ed

 r
is

k 
fo

r 
T

yp
e 

2 
di

ab
et

es

D
ia

be
te

s 
pr

ev
en

ti
on

 
th

ro
ug

h 
w

ei
gh

t 
lo

ss

D
at

a 
no

t 
pr

ov
id

ed

A
ck

er
m

an
n 

et
 a

l. 
(2

01
4,

 2
01

5)
50

9
A

t 
12

 m
on

th
s:

 
Pr

op
or

ti
on

 lo
si

ng
 

≥ 
5%

: I
nt

: 6
9 

(3
2

.4
%

);
 c

on
tr

ol
: 

29
 (1

3.
4%

);
 p

 <
 

.0
01

16
 g

ro
up

 s
es

si
on

s 
ov

er
 1

6
–2

4 
w

ee
ks

  
+ 

6
–7

 m
on

th
ly

  
gr

ou
p 

se
ss

io
ns

(1
2 

m
on

th
s 

to
ta

l)

T
ra

in
ed

 Y
M

C
A

 
st

af
f

O
ve

rw
ei

gh
t 

lo
w

-
in

co
m

e 
in

di
vi

d-
ua

ls
 (

m
os

tl
y 

m
in

or
it

y)
 a

t 
el

ev
at

ed
 r

is
k 

fo
r 

T
yp

e 
2 

di
ab

et
es

D
ia

be
te

s 
pr

ev
en

ti
on

 
th

ro
ug

h 
w

ei
gh

t 
lo

ss

D
at

a 
no

t 
pr

ov
id

ed (c
o

n
ti

n
u

ed
)



496 

TA
BL

E 
30

.1
. 

(c
on

tin
ue

d)

A
ut

ho
r 

(y
ea

r)
N

W
ei

gh
t 

lo
ss

Pr
og

ra
m

 f
or

m
at

/
le

ng
th

D
el

iv
er

ed
 b

y
Pa

rt
ic

ip
an

ts
Fo

cu
s

C
os

t

Fi
tz

gi
bb

on
 e

t 
al

. 
(2

0
05

)
27

 (c
oh

or
t 

1 
in

 
Y

M
C

A
)

37
 (c

oh
or

t 
2 

in
 

un
iv

er
si

ty
)

A
t 

2
0 

w
ee

k
s:

 
C

oh
or

t 
1 

In
t:

 
+0

.8
%

; c
on

tr
ol

: 
+0

.4
%

 N
S;

 c
oh

or
t 

2 
In

t:
 –

4%
; 

co
nt

ro
l: 

+ 
9%

; p
 

< 
.0

1

40
 g

ro
up

 s
es

si
on

s 
ov

er
 2

0 
w

ee
ks

R
es

ea
rc

h 
st

af
f

O
ve

rw
ei

gh
t 

A
fr

ic
an

 
A

m
er

ic
an

 
w

om
en

 a
ge

s 
35

–6
5

W
ei

gh
t 

lo
ss

 
an

d 
br

ea
st

 
he

al
th

D
at

a 
no

t 
pr

ov
id

ed

O
th

er
 c

om
m

un
it

y 
se

tt
in

gs

B
ar

ha
m

 e
t 

al
. 

(2
01

1)
 (

w
or

ks
it

e 
se

tt
in

g)

45
A

t 
3 

m
on

th
s:

 I
nt

: 
–2

.2
3 

kg
; c

on
tr

ol
: 

+.
73

 k
g;

 p
 <

 .0
01

; 
at

 1
2 

m
on

th
s:

 
22

.5
%

 lo
st

 >
 5

%
; 

12
.5

%
 lo

st
 >

 7
%

12
 w

ee
kl

y 
gr

ou
p 

se
ss

io
ns

 +
 9

 m
on

th
ly

 
gr

ou
p 

m
ai

nt
en

an
ce

 
se

ss
io

ns
 (1

2 
m

on
th

s 
to

ta
l)

N
u

rs
es

, 
di

et
ic

ia
n,

 
ph

ys
ic

al
 

th
er

ap
is

t,
 

ps
yc

ho
lo

gi
st

O
ve

rw
ei

gh
t 

or
 

ob
es

e 
em

pl
oy

ee
s 

at
 r

is
k 

fo
r 

di
ab

et
es

 o
r 

w
it

h 
di

ab
et

es

D
PP

-b
as

ed
 

w
ei

gh
t 

lo
ss

D
at

a 
no

t 
pr

ov
id

ed

K
at

ul
a 

et
 a

l. 
(2

01
0)

; B
la

ck
w

el
l 

et
 a

l. 
(2

01
1)

; 
K

at
ul

a 
et

 a
l. 

(2
01

1)
; L

aw
lo

r 
et

 
al

. (
20

13
) (

di
ab

et
es

 
ed

uc
at

io
n 

pr
og

ra
m

 
si

te
s)

30
1

A
t 

12
 m

on
th

s:
 I

nt
: 

–7
.1

 k
g;

 c
on

tr
ol

: 
–1

.4
 k

g;
 p

 <
 .0

01

24
 w

ee
kl

y 
gr

ou
p 

se
ss

io
ns

 +
 3

 
in

di
vi

du
al

 d
ie

ti
ti

an
 

se
ss

io
ns

 +
 1

8 
m

on
th

ly
 g

ro
up

 
se

ss
io

ns
 +

 1
8 

ph
on

e 
co

nt
ac

ts
 (

24
 m

on
th

s 
to

ta
l)

C
om

m
un

it
y 

he
al

th
 w

or
ke

rs
 

w
it

h 
T

yp
e 

2 
di

ab
et

es

O
ve

rw
ei

gh
t 

ad
ul

ts
 w

it
h 

pr
e-

di
ab

et
es

D
ia

be
te

s 
pr

ev
en

ti
on

 
th

ro
ug

h 
w

ei
gh

t 
lo

ss

R
ec

ru
it

m
en

t 
co

st
: 

$8
16

 p
er

 p
ar

ti
ci

pa
nt

 
ra

nd
om

iz
ed

; l
if

es
ty

le
 

di
re

ct
 c

os
t:

 $
85

0 
pe

r 
pa

rt
ic

ip
an

t

W
es

t 
et

 a
l. 

(2
01

1)
; 

K
ru

ko
w

sk
i e

t 
al

. 
(2

01
3)

 (s
en

io
r 

ce
nt

er
s)

22
8

A
t 

4 
m

on
th

s:
 I

nt
: 

–3
.8

%
; c

on
tr

ol
: 

–.
2%

; p
 <

 .0
01

12
 w

ee
kl

y 
gr

ou
p 

se
ss

io
ns

 +
 9

 m
on

th
ly

 
gr

ou
p 

se
ss

io
ns

L
ay

 h
ea

lt
h 

ed
uc

at
or

s
A

du
lt

s 
≥ 

60
 

ye
ar

s 
w

it
h 

B
M

I 
≥ 

30
 a

nd
 a

bl
e 

to
 

w
al

k 
fo

r 
ex

er
ci

se

W
ei

gh
t 

lo
ss

T
ot

al
 p

er
 s

en
io

r 
ce

nt
er

: 
$2

,7
31

; p
er

 p
ar

ti
ci

pa
nt

: 
$1

65
; c

os
t 

pe
r 

kg
 lo

st
: 

$4
5

N
ot

e.
 I

nt
, i

nt
er

ve
nt

io
n;

 N
S,

 n
ot

 s
ig

n
if

ic
an

t.



 Treatment of Obesity in Community Settings 497

data are beginning to inform these critical 
questions. The DPP lifestyle intervention was 
designed as 16 core sessions to be completed 
within 24 weeks, followed by a maintenance 
intervention over several years. Some com-
munity-based adaptations have kept the 16 
core sessions, whereas others have reduced 
or expanded the program length (see Table 
30.1). Increasing the number of weekly core 
sessions to 24 does not seem to produce 
significantly greater weight losses than are 
achieved with 16 sessions in a community-
based program, but an 8-session core cur-
riculum version produced significantly 
smaller weight losses than did either the 16- 
or 24-session versions (Perri et al., 2014). A 
16-session “moderate-dose” intervention ap-
pears to be the preferred approach, given re-
sults that are comparable to those of the lon-
ger and more expensive 24-session version. 
There are no data yet to inform community 
planners and others whether the 12-session 
iteration used in many of the community 
adaptations achieves outcomes as robust as 
the 16-session version. Further, the available 
evidence supporting a 16-session program 
as preferred is from a program delivered by 
professionals within the cooperative exten-
sion services offices. Thus, it remains un-
clear whether this program duration “sweet 
spot” is similarly appropriate for other com-
munity settings or for programs delivered by 
individuals without the professional training 
of agents from cooperative extension.

The length of community-based obesity 
intervention programs varies considerably, 
largely based on whether a weight mainte-
nance program is included. Many interven-
tions do not include a weight loss mainte-
nance element after the core “weight-loss 
induction” sessions, although some do (see 
Table 30.1). Maintenance programs lasting 
6 months to 2 years have been described. 
One study directly examined the important 
question of whether there is value added by 
including a maintenance component and 
found that the addition of extended care ef-
fectively forestalled the weight regain that 
was observed without a maintenance com-
ponent (Perri et al., 2008). Interestingly, this 
study also found that phone contacts were 
as beneficial as the more traditional face-
to-face contact in sustaining weight losses. 

Furthermore, in a similar study that varied 
the intensity of the maintenance program, 
outcomes suggested that the high-intensity 
maintenance programs may not be neces-
sary; a program that provided 16 phone-
based maintenance sessions and two mo-
tivational campaigns promoted the same 
sustained weight losses as the more intensive 
program, which offered 24 maintenance 
sessions and three motivational campaigns 
(Perri et al., 2014). As might be expected, 
reducing the frequency of maintenance con-
tact substantially reduces the costs (without 
sacrificing weight loss benefits) and will 
likely be welcome data to community-level 
program planners.

Intervention Delivery Personnel
Another key consideration in adapting the 
DPP Lifestyle Balance Program for commu-
nity delivery is who will conduct the inter-
vention. In the original DPP, each partici-
pant was assigned a “lifestyle coach” who 
was a health professional (i.e., registered 
dietitian, exercise physiologist, psychologist, 
or health educator). Similarly, many of the 
community-based interventions have used 
health professionals who bring particular 
expertise in skills related to weight manage-
ment (see Table 30.1). However, translating 
efficacious lifestyle interventions to com-
munity settings can be challenging due to 
the high cost of health professionals and/or 
to the shortage of health professionals who 
can deliver the interventions, particularly 
in rural areas (Merwin, Hinton, Dembling, 
& Stern, 2003; Rosenblatt, Andrilla, Cur-
tin, & Hart, 2006). Lay health educators 
(also known as community health workers, 
promotoras, etc.) provide one means of ad-
dressing these challenges in the community 
setting, and having these individuals deliver 
treatment may offer unique advantages (e.g., 
indigenous perspective on their commu-
nity’s culture, knowledge about community 
resources). Several studies successfully uti-
lized lay health educators to deliver behav-
ioral weight control programs in community 
settings and obtained clinically meaningful 
weight losses, although there are also ex-
amples of programs based on the DPP de-
livered by community members which did 
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not achieve significant weight losses (Table 
30.1).

Program Inclusion Criteria
Similar to the DPP, some community-based 
programs have recruited and enrolled over-
weight and obese participants at elevated 
risk of developing type 2 diabetes, based on 
impaired glucose tolerance, elevated blood 
glucose, and/or self-report risk assessment. 
Among these programs, the primary stated 
treatment goal is often diabetes prevention 
instead of (or in addition to) weight loss. 
However, other programs include individu-
als who are overweight or obese and do 
not require that participants also have pre- 
diabetes. These latter programs have a more 
specific focus on weight loss and may or may 
not examine changes in glucose or related 
outcomes. No data are available that suggest 
one treatment target or the other produces 
better weight loss outcomes in community 
settings.

Community‑Based Obesity Treatment 
Program Elements
Treatment Goals
Goal setting is an important aspect of be-
havior change programs (Bandura & Simon, 
1997). The DPP Lifestyle Balance Program 
established a weight loss goal of 7% of base-
line weight, 150 minutes/week of physical 
activity, and fat intake goals, which were 
augmented with calorie goals if the fat goal 
alone was not sufficient to promote weight 
loss. Well-operationalized goals are a de-
fining feature of evidence-based behavioral 
weight control programs and thus an im-
portant feature to be retained in community 
adaptations.

Weight Loss

Many community-based programs adopt the 
7% weight loss goal that the DPP clinical trial 
demonstrated to be associated with preven-
tion of type 2 diabetes (Diabetes Prevention 
Program Research Group, 2002b). However, 
some program adaptations provide a lower 
weight loss goal of 5%, a threshold that 

has been established as producing clinically 
meaningful health improvements (William-
son, Bray, & Ryan, 2015) (see Table 30.2).

Physical Activity

Many community-based weight loss pro-
grams also include an exercise goal, with 
most mirroring the DPP Lifestyle Balance 
Program and providing a target of 150 min-
utes/week. This exercise “dose” corresponds 
to general recommendations of physical 
activity levels that prevent weight gain but 
may not be sufficient to promote or sustain 
weight loss or weight maintenance (Don-
nelly et al., 2009). Although some com-
munity programs established slightly more 
ambitious exercise goals, they still fall short 
of the physical activity goals of 200–300 
minutes/week that may be required to pro-
mote sustained weight loss (Donnelly et al., 
2009). Perhaps of greatest concern, however, 
is the absence of exercise goals in a signifi-
cant proportion of community adaptations 
of the DPP lifestyle intervention (Neamah et 
al., 2016), even though physical activity was 
a key target in the program and has health 
benefits independent of weight loss.

Dietary Intake

Most descriptions of community adapta-
tions indicate that dietary goals were incor-
porated, with the majority providing both 
calorie and fat goals, although some pro-
vided only calorie goals; see Table 30.2). A 
few programs gave fat goals at the onset of 
treatment and added calorie goals only for 
individuals who failed to lose weight, as was 
done in the DPP Lifestyle Balance Program. 
Although it is unclear whether simultaneous 
goals for fat and calorie intake or progres-
sive goals are more effective for promoting 
weight loss, clearly stated dietary goals are 
critical for changing eating habits. Specific 
and measurable goals, such as calorie and fat 
gram intake targets, can provide important 
self-regulation parameters against which to 
evaluate (and prompt modification of) eat-
ing behaviors. Dietary intake goals can be 
particularly effective when combined with 
self-monitoring to objectively track whether 
these goals are achieved.
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Self‑Monitoring 
and Interventionist Feedback
Self-monitoring, which is the systematic 
observation and recording of eating and ex-
ercise behaviors or body weight, is an im-
portant aspect of self-management. It con-
tributed substantially to successful weight 
loss in the DPP (Diabetes Prevention Pro-
gram Research Group, 2004), as well as in 
many other studies (see Burke, Wang, & Se-
vick, 2011). The DPP Lifestyle Balance Pro-
gram used paper diaries for daily self-mon-
itoring of fat, caloric intake, exercise, and 
weight. Many community-based programs 
have also provided paper diaries for dietary 
and exercise self-monitoring. Although no 
community-based studies have reported 
the use of electronic self-monitoring, it is 
expected that this medium will become in-
creasingly common with the proliferation of 
technology-based tools and the ease of uti-
lizing smartphones for real-time recording 
(as well as the ability to decrease printing 
costs if electronic tools are used instead of 
paper diaries). In addition, there are sugges-
tions that technology-based approaches to 
self-monitoring may facilitate adherence and 
may even promote greater weight loss when 
coupled with feedback (Burke et al., 2012).

Although most community-based pro-
grams recommend self-monitoring of dietary 
intake and physical activity (if targeted), 
none report a goal of daily self-monitoring of 
weight. This behavior is emerging as an im-
portant component in effective weight man-
agement programs (Linde, Jeffery, French, 
Pronk, & Boyle, 2005; Shieh, Knisely, 
Clark, & Carpenter, 2016) and was includ-
ed as an intervention recommendation in the 
original DPP Lifestyle Balance Program. It is 
unclear why community adaptations do not 
incorporate this potentially beneficial treat-
ment component more routinely. Concerns 
about the potential for negative psychologi-
cal impact with frequent self-weighing have 
been articulated, but data fail to substanti-
ate these concerns (Steinberg et al., 2014).

Providing feedback on self-monitoring 
records is an effective, theory-derived be-
havioral technique that facilitates behavior 
change (Michie, Johnston, Francis, Harde-
man, & Eccles, 2008); weekly feedback was 
a strong focus of the original DPP lifestyle 

program, as well as of community-level ad-
aptations (Kramer et al., 2009). In their DPP-
based program delivered in senior centers, 
West et al. (2011) offered a specific “recipe” 
in which reinforcement and affirmation of 
behaviors consistent with behavioral goals 
were sandwiched around the identification 
of potential areas for behavior change, pro-
viding feedback to shape new habits and 
to identify potential problems to be solved. 
Further, they identified an approach to train-
ing that entailed an experiential process in 
which interventionists in training completed 
the self-monitoring tasks themselves and 
then rehearsed providing constructive feed-
back (Krukowski et al., 2012). Despite the 
key role of feedback on self-monitoring to 
prompt behavior change, just a few commu-
nity-based studies note that interventionists 
examined self-monitoring records or provid-
ed feedback on specific behaviors reported 
in the diaries. Thus, many community-based 
programs may have reduced the poten-
tial impact of self-monitoring for behavior 
change by not providing focused, behavior-
ally grounded performance feedback.

Other DPP Treatment Elements
The DPP lifestyle program used a “toolbox” 
approach that provided resources (e.g., ad-
ditional sessions, running shoes, exercise 
videos, cooking classes, additional meal re-
placements) to address specific challenges 
encountered by a given individual, thereby 
facilitating diet or exercise behavior chang-
es. Approximately $300 per participant was 
spent over 3 years for toolbox expenses in 
the lifestyle program (Diabetes Prevention 
Program Research Group, 2003), a cost 
that is likely beyond the available resources 
for most community-based programs. This 
cost may explain why none of the studies re-
viewed here included a formal toolbox.

Supervised physical activity sessions were 
another resource-intensive treatment com-
ponent that was incorporated in the DPP 
lifestyle program; each clinical center offered 
sessions at least twice a week, with staffing 
costs estimated at approximately $100 per 
participant each year (Diabetes Prevention 
Program Research Group, 2003). It is not 
surprising that few of the community-based 
programs reviewed offered supervised exer-
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cise sessions. Programs delivered in settings 
such as the YMCA have the advantage of an 
existing infrastructure in which to provide 
exercise opportunities without necessarily 
paying for additional personnel, although it 
is unclear whether the adaptations in these 
settings offered supervised exercise group 
sessions to their participants or just gave 
them the opportunity to exercise at the facil-
ity. Furthermore, the importance of provid-
ing supervised exercise sessions is unclear, 
since there are some indications that it may 
be preferable to emphasize a home-based 
exercise program for weight management 
rather than a facility-based, supervised pro-
gram (Perri, Martin, Leermakers, Sears, & 
Notelovitz, 1997).

A final element of the original DPP life-
style intervention that may have contributed 
to the magnitude of weight loss achieved in 
that landmark study was the recommen-
dation to use meal replacements (which 
were provided as part of the toolbox) or 
to use structured meal plans if individuals 
were experiencing difficulties with meet-
ing weight loss goals. Meal replacements 
have been associated with increased weight 
losses of approximately 3 kg compared with 
interventions without meal replacements 
(Heymsfield, van Mierlo, van der Knaap, 
Heo, & Frier, 2003). Meal replacements are 
not commonly incorporated into commu-
nity-based weight management programs 
despite the weight loss advantages they may 
provide, presumably because of the costs 
associated with providing them. A recent 
adaptation of a weight loss program trans-
lated from the Look AHEAD trial, which 
was based in part on the DPP lifestyle in-
tervention, described a program in which 
meal replacements were prescribed rather 
than provided (Delahanty et al., 2015). In 
this clinic-based weight loss program for in-
dividuals with type 2 diabetes, meal replace-
ments were not given to participants; rather, 
participants were advised to purchase and 
use them as part of a group-based interven-
tion that produced an average 6.6% loss of 
initial weight at 6 months. This may well 
be a tenable approach for community set-
tings that lack extensive resources, allow-
ing programs to benefit from the weight loss 
advantages conferred by meal replacements 
without the costs associated with providing 

them. Structured meal plans also promote 
greater weight loss than is achieved using 
calorie targets only, without guidance on 
specific food selections; structured meal 
plans accompanied by grocery shopping lists 
produce comparable weight losses to those 
obtained when individuals are given the 
foods required for the specific menu sugges-
tions (Wing et al., 1996).

Treatment Fidelity
Detailed descriptions of training protocols 
for implementing lifestyle interventions in 
community settings are relatively rare in the 
current literature, although some insights are 
available (Finch, Kelly, Marrero, & Acker-
mann, 2009; Krukowski et al., 2012). Most 
programs specify the length of the training 
(e.g., 2 hours, 2 days) but provide minimal 
detail about the content. Documented mea-
sures of treatment fidelity are even rarer. For 
programs that did report on treatment fidel-
ity, the majority used a content checklist, in 
vivo observation, and/or audiotaped a ran-
dom sample of sessions for supervision (see 
Table 30.2).

Community Settings
In general, only a limited number of evi-
dence-based weight loss programs have been 
translated into community settings and de-
scribed in the scientific literature with ad-
equate outcome data to allow evaluation of 
their effect on weight change. Furthermore, 
no studies of which we are aware have di-
rectly compared the impact of equivalent 
lifestyle interventions deployed in different 
community settings to determine whether 
some settings are more effective than oth-
ers for delivering behavioral weight control 
programs. Therefore, we consider different 
community settings in more detail below.

Faith‑Based Settings

There is a rich tradition of weight man-
agement programs being translated into 
faith-based settings, particularly in African 
American churches, with some translations 
incorporating faith-related activities and 
others placing a standard weight control 
program in a church setting. Among these 
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faith-based programs that provide objective 
measurement of weight outcomes and have a 
control group to permit comparisons, weight 
losses range from a minimal 0.5 kg (Yanek, 
Becker, Moy, Gittelsohn, & Koffman, 2001) 
to a modest 2.6 kg loss (Sattin et al., 2016), 
with little difference in outcomes between 
programs that lasted for a full year versus 
those that were shorter (Lancaster, Carter-
Edwards, Grilo, Shen, & Schoenthaler, 
2014). There are no descriptions of non-
Christian faith-based weight loss programs 
in the literature, nor are there many descrip-
tions of evidence-based weight loss pro-
grams delivered in Christian churches that 
are not predominantly African American. 
However, there are suggestions that transla-
tions of the DPP Lifestyle Balance Program 
into churches with largely white congrega-
tions appear promising (Krukowski, Lued-
ers, Prewitt, Williams, & West, 2010).

Worksites

Worksite settings have also been consid-
ered as potentially viable venues for deliv-
ering obesity treatment within communi-
ties. However, there are few adaptations of 
programs like the DPP lifestyle intervention 
in workplace settings that provide data on 
objectively measured weight, and, among 
those that do, few have produced clinically 
meaningful weight loss (average weight loss-
es of 1.3 kg; Anderson et al., 2009). Despite 
modest weight losses, some have argued 
that implementing obesity treatment within 
worksite settings may be advantageous, be-
cause it could possibly increase men’s partic-
ipation in weight loss interventions (Brace et 
al., 2015); men are often underrepresented 
in obesity treatment programs. Promising 
results were obtained in an initial transla-
tion of the DPP lifestyle program into a 
workplace, with average weight losses of 2.2 
kg over 3 months and an intriguing sugges-
tion that weight loss may improve job satis-
faction (Barham et al., 2011).

YMCA

Several studies have examined a DPP-based 
intervention delivered by YMCA wellness 
instructors (Ackermann, Finch, Brizendine, 
Zhou, & Marrero, 2008; Ackermann et al., 

2015). The YMCA was selected as a com-
munity partner because of the organiza-
tion’s broad reach within diverse communi-
ties across the country and its commitment 
to health promotion, as well as the potential 
for sustainability should the program prove 
effective. Instructors for these studies had an 
undergraduate degree in exercise science or 
equivalent training and had participated in 
a 16-hour structured training that incorpo-
rated readings, didactic presentations, and 
opportunities to demonstrate core compe-
tencies necessary for effective delivery of 
an interactive lifestyle program (Finch et 
al., 2009). Individuals who were both over-
weight and at elevated risk for type 2 diabetes 
were enrolled in the YMCA program, which 
focused on diabetes prevention (rather than 
weight loss alone). Those in the comparison 
group were offered health screenings, brief 
advice, and self-help materials to guide their 
weight loss efforts, whereas those in the DPP 
arm were provided with access to the group 
sessions, as well as these other resources. 
Importantly, participants in both sites had 
access to the YMCA and all of its health 
promotion activities to support their weight 
loss efforts (Ackermann et al., 2008).

In an initial pilot study, weight losses av-
eraged 6% at 4–6 months and were signifi-
cantly greater than the 2% average weight 
loss achieved by the individuals who were 
given screening and advice at the comparison 
site (Ackermann et al., 2008). Most (76%) of 
the participants who were offered the group 
lifestyle program attended at least one ses-
sion, and those who came to at least one ses-
sion attended an average of 75% of the 16 
core sessions, suggesting that uptake in the 
program was strong if individuals were at 
all interested in attending. Among those in 
the pilot study who attended the subsequent 
maintenance program, weight losses were 
sustained for an additional 2 years (Acker-
mann et al., 2011).

A follow-up study replicated and extend-
ed the evaluation of this YMCA-based pro-
gram into low-income, predominantly mi-
nority populations at elevated risk for type 2 
diabetes (Ackermann et al., 2015). Individu-
als randomly assigned to the group-based 
program lost, on average. 2.3 kg more at 12 
months than did those who were provided 
with standard advice for diabetes preven-
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tion and a single visit with a registered dieti-
tian. Among those who actually completed 
at least 9 of the 16 group sessions, weight 
losses were markedly higher, with average 
reductions of 5.3 kg reported at 12 months 
(Ackermann et al., 2015).

Based on the positive outcomes in this se-
ries of studies, the YMCA organization has 
established a national initiative in collabora-
tion with the CDC and now offers the DPP 
translation at over 200 YMCAs. However, 
the program is offered only to individuals at 
elevated risk for type 2 diabetes and not as 
a weight loss program for those who might 
be at elevated risk for other obesity-associ-
ated health complications. Thus, though an 
important resource for communities across 
the United States, the YMCA program does 
not fully address the need for evidence-based 
obesity treatment at a community level.

Partnering with the Cooperative Extension 
Service to Translate the DPP Lifestyle 
Balance Program
One of the more prominent community set-
tings into which the DPP lifestyle program 
has been translated is the Cooperative Ex-
tension Service. This is a community-based 
agency with an explicit mission of promoting 
the health of families and communities and 
an infrastructure that extends throughout 
the country. Several studies have examined 
obesity treatment delivered in cooperative 
extension offices by family and consumer 
sciences agents (and other professionals with 
health-promotion-related degrees hired by 
research partners at the University of Flor-
ida). In one study, obese women were first 
enrolled in a 24-session weight loss program 
based on the DPP and were then random-
ized in a larger trial to an education-cen-
tered group or to 26-session biweekly weight 
loss maintenance programs, delivered either 
face-to-face or by phone (Perri et al., 2008). 
The 78% of women who completed the in-
tervention achieved an average 6-month 
weight loss of 10 kg. These are among the 
largest weight losses achieved in community 
settings that have been reported in the lit-
erature. Further, the maintenance programs 
were successful in preventing regain, with 
12-month mean weight regains of only 1.2 
kg among participants receiving extended 

counseling either face-to-face or by phone, 
compared to a regain of 3.7 kg in the educa-
tion control group. This finding underscores 
the importance of a maintenance program 
in community-based weight control and 
suggests that either delivery format can be 
beneficial. The investigators acknowledged 
that the degree of training and supervision 
provided to the cooperative extension ser-
vice agents who delivered the intervention 
was intense and exceeded what might be 
available in most rural settings. Nonethe-
less, the strong outcomes over an extended 
period merit continued refinement to allow 
dissemination through the cooperative ex-
tension service in other states.

A Detailed Examination of a Lay‑Led 
Community‑Based Lifestyle Intervention
Senior centers represent another community 
venue that has the potential to broadly dis-
seminate evidence-based obesity treatment 
because of their extensive infrastructure 
across the United States. Older adults have 
consistently been one of the subgroups who 
have responded well to weight control pro-
grams (Diabetes Prevention Program Re-
search Group, 2004), and rates of obesity 
in this population group are high (Ogden, 
Carroll, Kit, & Flegal, 2014). One study 
implemented a group-based DPP adapta-
tion in senior centers that had been random-
ized to receive a weight loss intervention 
and compared weight loss outcomes with 
centers randomized to a memory improve-
ment intervention, which served as an atten-
tion control group (West et al., 2011). The 
Group Lifestyle Balance Program (Kramer 
et al., 2009) was modified to be delivered by 
trained lay health educators, who enrolled 
obese individuals ages 60 years or older in a 
21-session weight management intervention 
(12 weekly sessions followed by 9 monthly 
sessions). Weight losses averaged 3.8% at 4 
months among those in the weight loss in-
tervention, using an intent-to-treat analysis, 
compared with only 0.2% in the comparison 
group (West et al., 2011). The 5% thresh-
old of clinically significant weight loss was 
achieved by 38% of the participants in the 
lifestyle program and 24% of participants 
achieved the 7% DPP lifestyle weight loss 
goal. Attendance at intervention sessions av-
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eraged 76%. Importantly, weight losses in-
creased to 4.2% at 1 year, with 37% of par-
ticipants sustaining at least a 5% weight loss 
at 1 year. This lay health-educator-led adap-
tation compares favorably with the original 
DPP lifestyle program, in which approxi-
mately half the participants achieved the 
7% weight loss goal after the core program 
and with other DPP adaptations delivered by 
community members, which reported aver-
age weight losses of 3.15% (Ali, Echouffo-
Tcheugui, & Williamson, 2012).

This study trained 20 lay health educators 
to lead the intervention at eight senior cen-
ters. These individuals had no background in 
nutrition, exercise, or health care, but were 
invited by the senior center directors, who 
were guided with suggestions about char-
acteristics of effective interventionists (i.e., 
an organized, responsible individual with 
experience speaking in front of a group). 
Predominantly well-educated overweight 
and obese women volunteered to serve as 
interventionists and lead the weight loss 
groups in their communities. Nonparticipat-
ing senior centers reported that the primary 
obstacles that precluded their participation 
in the study were concerns that they would 
be unable to identify an individual to deliver 
the weight loss program for the full year’s 
duration and perceived barriers imposed by 
the time required for training lay leaders and 
program implementation (Felix et al., 2014). 
These obstacles reflect the tensions between 
community implementation and treatment 
outcomes; the longer the program, the more 
likely the participants are to achieve sus-
tained weight control (Ali et al., 2012; Perri 
et al., 2008), but it may be more challeng-
ing to find community members available to 
commit to leading the intervention.

The training of lay health educators in the 
senior center program followed a structured 
protocol over 26 hours that covered the core 
elements of a goal-based behavioral weight 
control approach, including reviewing self-
monitoring diaries and giving feedback 
(Krukowski et al., 2013). Experiential learn-
ing exercises and modeling and rehearsal of 
intervention delivery with corrective feed-
back were incorporated. Interestingly, the 
lay health educators lost 1.4% of initial 
weight at 4 months, even though weight loss 
was not an explicit goal for the group lead-

ers (though it was for the participants). The 
group leaders’ modeling of weight loss be-
haviors may have contributed to weight loss 
among the participants. However, the lay 
health educators had negligible weight loss 
at the 12-month assessment. In contrast, 
participants continued to lose weight from 
the 4-month to the 12-month assessment.

The program enrolled approximately a 
quarter of the eligible individuals already 
served by the senior centers (Felix et al., 
2012), providing deep reach into the pro-
portion of obese individuals who were eli-
gible to participate at each community site, 
although approximately 23% of those who 
participated in the program were new senior 
center patrons (Felix et al., 2012). Commu-
nity translations of evidence-based weight 
management programs seldom evaluate how 
successfully they engage their target popula-
tion, despite calls to attend more closely to 
this important metric; greater emphasis on 
this element can inform whether interven-
tions that are translated and delivered with-
in communities are having a substantive im-
pact on the obesity epidemic (Mitchell et al., 
2016). The deep reach into the community 
achieved in this study may reflect the ben-
efits of using community members to recruit 
for weight loss programs rather than having 
academic researchers enroll participants. 
Costs for the program compared favorably 
to the $1,399 per-person cost for the life-
style intervention in the DPP trial (Diabetes 
Prevention Program Research Group, 2003), 
with total costs to implement the program 
at each senior center estimated at $2,731, 
or $165 per participant (Krukowski et al., 
2013). The cost per kg lost in the study was 
$45. DPP trial data indicate that the risk of 
diabetes decreases 16% with each kg lost 
(Hamman et al., 2006).

In summary, this study provides evidence 
of the potential benefit of training lay health 
educators to effectively deliver a group-based 
weight control program to older adults to 
achieve meaningful weight loss outcomes 
in senior center settings. It suggests that ex-
tended reach can be obtained when using 
community members to engage eligible 
members of their own community. Some of 
the factors, however, which may promote 
greater weight loss efficacy (e.g., extended 
duration and a structured training) may 
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present inherent challenges for the commu-
nity to deliver, raising the question “What 
are the boundaries of effective evidence-
based treatment that can be implemented 
by lay health educators?” However, in rural 
settings, such as those in which this pro-
gram was embedded, lay health educators 
may be the most practical approach to dis-
semination into communities in need, given 
the scarcity of health care professionals and 
personnel with behavior change expertise in 
some rural regions. Further, in a review of 
DPP translations into real-world settings, 
Ali et al. (2012) concluded that there is no 
substantive difference in weight loss out-
comes achieved by trained professionals and 
lay leaders. Therefore, lay educators from 
the community may represent an effective 
choice for other community settings as well.

Summary

There is a growing evidence base of empiri-
cally validated obesity treatment approach-
es delivered in community settings, with 
emerging data to guide important interven-
tion design parameters. Community mem-
bers, whether professionally educated or 
selected based on performance criteria, can 
be trained to deliver effective weight control 
programs. Modifications to interventions 
developed for highly resourced clinical tri-
als can reduce the costs of administering 
obesity treatment programs within commu-
nities without sacrificing outcomes. Strong 
examples of effective community partners 
joining with academics in efforts to trans-
late and disseminate obesity treatment exist, 
and more will surely follow as communities 
seek opportunities to confront the looming 
public health crisis that obesity presents.
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Behavioral weight loss is the first line of 
treatment for obesity (Jensen et al., 2014). 
As described by Gomez-Rubalcava, Stab-
bert, and Phelan (Chapter 20, this volume), 
this approach produces clinically significant 
improvements in weight, health, and quality 
of life. However, there is marked variability 
among participants in short-term efficacy, 
and long-term maintenance of weight loss is 
suboptimal. Investigators are continuing to 
develop innovative forms of behavioral treat-
ment in the hopes of improving short- and 
long-term outcomes. Increasingly, these in-
novations are rooted in the recognition that 
initiating and sustaining weight-related be-
havior change is quite difficult for most in-
dividuals, and that specialized intervention 
tools may be necessary to help them attain 
the level of motivation and commitment re-
quired for lifestyle modification. Two treat-
ments that have emerged as especially strong 
fits for this need are motivational interview-
ing (MI) and acceptance and commitment 
therapy (ACT). Although MI and ACT can 
each be delivered as stand-alone interven-

tions, the greatest promise of these approach-
es lies in their integration with a traditional 
behavioral treatment package. In this way, 
behavior modification skills may be viewed 
as necessary but not sufficient for many indi-
viduals attempting weight loss. MI and ACT 
have the potential to bridge the gaps that 
remain when individuals experience ambiva-
lence, discomfort, or discouragement dur-
ing the course of lifestyle modification. This 
chapter describes the theoretical underpin-
nings of MI and ACT and summarizes the 
evidence evaluating their efficacy.

Motivational Interviewing
Description of Theory
MI is a directive, client-centered counseling 
approach (Miller & Rollnick, 2002). The 
overarching goals of MI are to help individ-
uals identify, articulate, and increase their 
intrinsic motivation for change, because it 
is believed that individuals will be most suc-
cessful in initiating and sustaining changes 
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to their behavior when change serves person-
ally relevant goals and values and the indi-
viduals are the primary advocates for change 
(Miller & Rollnick, 2002). There are two 
active components of MI (Miller & Rose, 
2009). First, as displayed in Figure 31.1, the 
interpersonal spirit of MI is characterized 
by collaboration, evocation, and autonomy. 
Expressing empathy for individuals by offer-
ing acceptance and accurate understanding 
is also critical to MI’s approach (Miller & 
Rollnick, 2002). Second, MI involves the use 
of specific therapeutic strategies and tech-
niques that aim to elicit and reinforce argu-
ments for change (i.e., “change talk”) from 
individuals (Miller & Rose, 2009). Drawing 
from Bem’s (1967) self-perception theory 
and Festinger’s (1957) theory of cognitive 
dissonance, MI posits that behavior change 
can be facilitated by increasing individu-
als’ verbalizations for change and decreas-
ing talk that focuses on sustaining current 
behavior (i.e., resistance or “sustain talk”; 
Miller & Rollnick, 2002; Miller & Rose, 
2009). Once motivation for change has been 
articulated, MI seeks to strengthen individu-
als’ commitment to change by helping them 
develop concrete plans for the future (Miller 
& Rollnick, 2002).

Description of Clinical Approach When 
Applied to Obesity
Many individuals find that the behaviors 
necessary for weight loss and weight loss 
maintenance (e.g., ongoing restriction of 

calorie intake, self-monitoring of food in-
take and weight, engagement in a high level 
of physical activity) require a tremendous 
amount of effort and often involve a sense of 
deprivation. Consequently, individuals may 
experience ambivalence about these behav-
ioral changes. MI may be particularly well 
suited to address these challenges, in that it 
normalizes and explores ambivalence about 
change in a nonconfrontational manner and 
helps individuals to identify and set goals 
that are consistent with personal values and 
that enhance motivation for change.

MI has been used to treat obesity in indi-
viduals of all ages and in various stages of 
change, as well as in obesity treatment pro-
grams of differing intensities. For example, 
MI has been used in primary care settings 
to aid individuals in identifying obesity as 
a problem and to enhance initial motivation 
for change, as well as in high-intensity, for-
mal weight loss and weight loss maintenance 
programs to enhance treatment engagement 
and success. Key principles that characterize 
an MI approach across these settings include 
expressing empathy, developing discrepancy 
(i.e., highlighting the gap between individu-
als’ goals or values and their current behav-
iors), rolling with resistance (i.e., viewing 
resistance as a sign that the individual views 
the situation differently and adjusting one’s 
approach accordingly, rather than directly 
confronting resistance), and supporting self-
efficacy (Miller & Rollnick, 2002). Table 
31.1 provides examples of specific ways in 
which these principles can be utilized to en-

FIGURE 31.1. Key components of the spirit of MI. Adapted with permission from Miller and Rollnick 
(2002).

MI Approach MI-Inconsistent Approach

Collaboration. the client–counselor relationship is a 
partnership in which the individual’s experiences and 
perspectives are respected.

Confrontation. the counselor seeks to override the 
individual’s presumably flawed perspective and to 
convince him or her to see a certain perspective that 
the counselor believes is more accurate.

Evocation. Insights and motivation for change are 
elicited from the individual. the individual’s own goals 
and values are explored.

Education. the individual is perceived to lack key 
knowledge, insight, or skills. the counselor thus tries 
to provide these to the individual.

Autonomy. the individual is free to choose whether 
or not to change and what changes to make. the 
individual’s right to self-direction is respected.

Authority. the counselor tells the individual what to 
do or not do in a prescriptive or didactic manner.
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hance lifestyle modification (DiLillo, Sieg-
fried, & West, 2003; Miller & Rollnick, 
2002). MI techniques can also promote ef-
fective goal setting, as plans for change are 
self-chosen based on personally held goals. 
As described below, MI strategies have been 
incorporated into many behavioral weight 
loss programs, and standard behavioral 
weight loss treatment and MI share several 
common features, such as a strong empha-
sis on goal setting. Key differences between 
standard behavioral treatment and MI in-
clude MI’s unique approach to handling am-
bivalence about and resistance to change, as 
well as its strong emphasis on self-directed 
change.

Efficacy

Research on the use of MI in the treatment 
of obesity has increased substantially in 
recent years. A recent meta-analysis exam-
ined randomized controlled trials (RCTs) of 
behavior change interventions that utilized 
MI for adults with overweight or obesity 
(Armstrong et al., 2011). The intervention 
group from each study included in the meta-
analysis differed from the comparison group 
only in the use of MI, allowing for exami-
nation of the unique benefit conferred by 
MI. Interventions ranged in duration from 
3 to 18 months; comparison groups varied 
in format and included standard care, edu-

TABLE 31.1. Motivational Interviewing (MI) Principles, Strategies, and Examples to Enhance 
Motivation for Lifestyle Modification

MI principle Strategies Examples

Express 
empathy

•• Use reflective statements and summaries to 
validate the difficulty of changing eating 
behavior and increasing physical activity.

•• “Reducing your sweet intake has been 
very difficult.”

•• Communicate acceptance and 
understanding to the individual.

•• “You’re working incredibly hard to 
exercise 3 days per week.”

Develop 
discrepancy

•• Use open-ended questions to explore 
individuals’ goals and values related to 
weight loss.

•• “Why is it important to you to lose 
weight?”

•• “How would your life be better if your 
health improved?”

•• Use objective data and feedback to 
nonjudgmentally frame the discrepancy 
between current behavior and expressed 
goals.

•• “Your initial goal was to lose 15 
pounds, and you have lost 8 pounds so 
far.”

Roll with 
resistance

•• Explore the costs and benefits of both 
change and the status quo.

•• “What would be the benefits of eating 
out less? What would be the not-so-
good parts?”

•• Use strategic summaries of ambivalence to 
tip the decisional balance toward change.

•• “While you don’t like logging your 
eating, you know this helped you lose 
20 pounds in the past.”

Support 
self-efficacy

•• Elicit and strengthen confidence talk and 
self-motivational statements.

•• “What has allowed you to be successful 
with restaurant eating in the past?”

•• Leave the majority of planning for behavior 
change to the individual, with only subtle 
shaping by the counselor.

•• “You want to exercise more. What 
would you like to do this week? What 
will help you meet that goal?”

•• Avoid direct persuasion when offering 
information or advice.

•• “Is it okay if I share some information 
about how to calculate calories with 
you?”

•• Emphasize the individual’s own 
resourcefulness.

•• “You’ve been cooking for years and 
know that you can create some tasty, 
lower-calorie recipes.”
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cation, attention control, and no treatment. 
Results revealed a beneficial effect of MI on 
weight outcomes, with a greater reduction 
in body weight observed among individu-
als who received MI compared to controls 
(weighted mean difference = –1.47 kg; Arm-
strong et al., 2011). A systematic review also 
was conducted to examine RCTs that used 
MI for weight loss among adults in primary 
care settings (Barnes & Ivezaj, 2015). This 
review found limited benefit of MI, with 
more than half of the included studies find-
ing no significant differences in weight loss 
among individuals who received MI relative 
to controls. As these and the findings below 
highlight, MI shows promise for use in obe-
sity treatment, but the evidence regarding its 
efficacy is mixed.

Behavioral Weight Loss Programs for Adults
MI is a component of the larger treatment 
package used in many behavioral weight loss 
programs (e.g., Diabetes Prevention Pro-
gram Research Group, 2002; Look AHEAD 
Research Group, 2006). Several studies have 
examined the unique effect of adding MI 
to moderate- to high-intensity behavioral 
weight loss treatment programs. These stud-
ies have yielded mixed but overall promis-
ing results. MI has produced greater weight 
loss or improved adherence to behavioral 
recommendations (e.g., self-monitoring) in a 
majority of studies (see Table 31.2). In the 
largest RCT to examine the additive effect 
of MI in behavioral weight loss, participants 
with type 2 diabetes who received the behav-
ioral weight loss intervention with MI lost 
nearly twice as much weight at 18 months 
compared to those who received behavior-
al treatment alone (West, DiLillo, Bursac, 
Gore, & Greene, 2007). A motivation-fo-
cused weight loss maintenance program that 
used MI also appeared to be a viable alterna-
tive to a more traditional skills-based weight 
loss maintenance program, as similar weight 
losses were observed with the two interven-
tions (West et al., 2011). Additionally, MI 
delivered prior to enrollment in behavioral 
treatment programs may enhance program 
retention (Goldberg & Kiernan, 2005).

Although there is some support for a ben-
eficial effect of MI as an additive component 
of in-person behavioral treatment, MI ap-

pears to confer less benefit beyond the ef-
fects of behavioral treatment alone when 
treatment is delivered in nontraditional mo-
dalities. For example, greater improvements 
in eating-related outcomes were reported by 
individuals who received a six-session guid-
ed self-help behavioral weight loss treatment 
with two sessions of MI relative to those who 
received the same guided self-help program 
plus two traditional motivation-focused ses-
sions. However, significant differences in 
weight loss were not observed (DiMarco, 
Klein, Clark, & Wilson, 2009). Similar 
weight losses were also observed among in-
dividuals who received an online behavioral 
weight loss program either with or without 
an MI-focused, facilitated chatroom (Web-
ber, Tate, & Bowling, 2008).

In Primary Care Settings
As previously noted, research concerning 
the efficacy of MI among adults with obe-
sity encountered in primary care settings has 
been mixed (Barnes & Ivezaj, 2015; Wad-
den, Butryn, Hong, & Tsai, 2014). Although 
a majority of RCTs of MI in primary care 
settings have not demonstrated improved 
weight loss outcomes relative to control con-
ditions, approximately half of such studies 
have shown that a minority of participants 
achieved clinically meaningful (i.e., ≥ 5%) 
weight losses (Barnes & Ivezaj, 2015). Dif-
ferential findings across primary care stud-
ies may be partially attributable to factors 
such as differences in treatment duration, 
provider type and training, and intervention 
fidelity (Barnes & Ivezaj, 2015). Notably, 
many studies of MI in primary care have 
used comparison conditions that did not 
control for treatment contact, limiting con-
clusions that can be drawn about the unique 
benefits conferred by MI. Indeed, the first 
RCT to employ an attention-control inter-
vention when examining the efficacy of an 
MI intervention delivered in primary care 
observed superior outcomes for the atten-
tion-control intervention relative to both the 
web-based MI intervention and treatment 
as usual (Barnes, White, Martino, & Grilo, 
2014). Additional research is needed to as-
certain under what circumstances MI is an 
effective treatment for obesity in primary 
care settings.
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Treatment of Childhood 
and Adolescent Obesity
A small number of RCTs has examined MI as 
a stand-alone intervention or as an adjunct to 
treatment for childhood and adolescent obe-
sity. Although one study demonstrated that 
the addition of MI sessions to a comprehen-
sive adolescent obesity treatment program 
increased treatment attendance and adher-
ence to behavioral recommendations (Bean 
et al., 2015), MI generally has not improved 
weight loss among children and adolescents 
(MacDonell, Brogan, Naar-King, Ellis, & 
Marshall, 2012; Resnicow, Taylor, Baskin, 
& McCarty, 2005; Walpole, Dettmer, Mor-
rongiello, McCrindle, & Hamilton, 2013). 
Some research indicates that MI delivered in 
primary care settings, either alone or as part 
of a larger treatment package, may help pre-
vent future weight gain among adolescents 
(Taveras et al., 2011). However, these ben-
efits may not be well maintained over time 
(Broccoli et al., 2016).

Conclusions and Future Directions
MI is widely used in obesity treatment, and, 
although the research support for this ap-
proach is somewhat mixed, MI appears to 
have the potential to improve outcomes in 
some populations and settings. MI confers 
the greatest benefit for improving adherence 
to behavioral recommendations and increas-
ing weight loss when used as an adjunct to 
comprehensive in-person behavioral weight 
loss programs for adults, with additional 
mean weight losses of 1–2 kg reported in 
multiple studies. However, the addition of 
MI to behavioral weight loss treatment pro-
grams delivered in nontraditional modalities 
(e.g., online, guided self-help) does not ap-
pear to meaningfully improve weight loss be-
yond that observed when treatment is deliv-
ered in these formats without MI. Although 
positive effects of MI have been observed 
in several studies among adults in primary 
care settings and among children and ado-
lescents, a majority of studies have observed 
null effects of MI in these populations. Ad-
ditional research is needed to determine why 
MI may be most effective when used with 
higher-intensity programs for adults. The 
variability in outcomes across these popula-

tions may reflect differences in factors such 
as treatment dose and treatment fidelity. For 
instance, greater treatment duration, use of 
treatment fidelity measures, having weight 
as a primary outcome, and inclusion of an 
attention control are all factors that have 
been associated with better outcomes (Arm-
strong et al., 2011; Barnes & Ivezaj, 2015). 
It is also possible that individuals who enroll 
in comprehensive, high-intensity lifestyle 
modification programs differ meaningfully 
from individuals who participate in less in-
tensive programs (e.g., in initial motivation 
for change), and that differences in treat-
ment outcomes are influenced by sample 
characteristics.

Key limitations of past research on the use 
of MI for obesity treatment include great 
heterogeneity in the amount and quality of 
MI training for treatment providers, lim-
ited examination of MI treatment fidelity 
and dose, failure to isolate the effects of MI 
from other treatment components, and lim-
ited use of active comparison groups. Given 
the need for scalable obesity interventions 
and the potential for MI to be delivered by 
a variety of providers (e.g., nurses), future 
research that addresses these limitations is 
warranted.

Acceptance and Commitment Therapy
Description of Theory
ACT is a form of behavioral treatment that, 
like MI, can be used to provide assistance 
with particular challenges of weight control. 
Behavioral treatments can be conceptual-
ized as evolving from their most traditional 
form, focused on classical conditioning and 
operant learning, to those that have incor-
porated a strong emphasis on cognition, 
to the current generation of “third-wave” 
therapies (Hayes, 2004). Widely researched 
third-wave therapies include ACT, relational 
frame theory, dialectical behavior therapy, 
and mindfulness-based approaches. Third-
wave approaches are unique in their focus 
on fostering acceptance of internal experi-
ences while simultaneously encouraging 
adaptive behavior (Herbert & Forman, 
2013). Typically, these approaches attend 
closely to the context in which behavior oc-
curs. This section focuses on the theory and 
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evidence for ACT and related acceptance-
based treatments, because this third-wave 
approach offers the greatest amount of evi-
dence supporting its use for weight loss. The 
primary goal of acceptance-based treatment 
is to enhance psychological flexibility, which 
allows individuals to persist in or change 
behavior in a manner consistent with their 
own values and goals (McCracken & Mor-
ley, 2014). When psychological flexibility is 
low, internal experiences such as thoughts, 
feelings, sensations, or urges may have an 
undue, maladaptive influence on behavior. 
ACT encourages individuals to experiment 
with new ways of relating and responding to 
internal experiences, and to adopt an agenda 
such that changing one’s internal experience 
is not a precondition for changing behavior 
(Forman & Herbert, 2009; Hayes, Strosahl, 
& Wilson, 1999).

Description of Clinical Approach When 
Applied to Obesity
There are various ways in which the theory 
underlying ACT can be translated into treat-
ment protocols for weight loss. The clinical 
approach described here is drawn from the 
protocol that has the strongest evidence for 
efficacy: acceptance-based behavioral treat-
ment (Forman & Butryn, 2016; Forman et 
al., 2016). In this protocol, principles from 
ACT are integrated with traditional behav-
ioral treatment goals within the tradition-
al behavioral treatment structure. In this 
group-based program, each session begins 
with a private measurement of weight by the 
clinician. When the group convenes, each 
participant reports his or her average calorie 
intake, physical activity minutes, and days 
of self-monitoring since the previous ses-
sion. The curriculum then uses structured 
activities and guided discussion to review 
and teach a particular weight control skill. 
Experiential exercises and metaphors are 
typically used to teach acceptance-based 
concepts. Deliberate practice via homework 
assignments is emphasized between sessions. 
Many components of behavioral treatment 
are retained in this protocol because they 
are viewed as necessary for efficacy (e.g., 
clinician and participant monitoring of 
weight loss, prescriptions for calorie intake 

and physical activity, and use of principles 
such as goal setting and stimulus control). 
Ultimately, the use of acceptance-based 
strategies in such a protocol is designed to 
facilitate adherence to diet and exercise pre-
scriptions. In contrast, other clinicians may 
use an approach to treating obesity in which 
ACT principles are primary rather than 
teaching them through a traditional behav-
ioral weight loss framework (Lillis, Hayes, 
Bunting, & Masuda, 2009; Lillis & Kendra, 
2016). In that alternative approach, weight 
loss is not necessarily an explicit treatment 
goal, and thus evaluating the efficacy of such 
an application of ACT is more complicated.

Core Acceptance‑Based Behavioral Skills
In acceptance-based behavioral weight loss 
treatment (Forman & Butryn, 2016; For-
man et al., 2016), individuals are oriented 
to a unifying conceptual framework referred 
to as “Control what you can, accept what 
you can’t.” This framework encourages de-
liberate choices with regard to one’s weight 
control behaviors, while accepting that there 
are limits to how much one can change the 
internal experiences that precede or follow 
from such behaviors. Individuals are taught 
to use strategies that can make healthy eat-
ing and physical activity easier and more 
automatic, such as stimulus control (e.g., 
keep tempting foods out of the house) and 
social support (e.g., plan to meet a partner 
for morning walks). At the same time, they 
are asked to embrace the reality that no 
“magic bullet” exists that will make weight 
control effortless or consistently comfort-
able. Rather, individuals are educated about 
the biological and environmental factors 
that create internal experiences that at times 
feel uncomfortable, such as a hedonic drive 
for palatable food or a desire to avoid physi-
cal activity. Many individuals enter weight 
loss treatment with the understandable wish 
that the program will make behavior change 
much more comfortable than it has been in 
the past. Individuals are prompted to feel a 
sense of “creative hopelessness” about this 
possibility. They are encouraged to abandon 
an agenda in which behavior change is de-
pendent on ideal internal experiences and 
instead consider an agenda in which they 
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move forward with behavior change regard-
less of internal experiences.

As evidenced by this overarching frame-
work, a core component of treatment is 
fostering a stance of acceptance toward the 
uncomfortable internal experiences that are 
commonly encountered as part of long-term 
weight control efforts. Such experiences may 
include thoughts, feelings, urges, or physi-
cal sensations, and may be related to eating 
behavior, physical activity, or other weight 
control behaviors such as self-monitoring of 
weight or eating. For example, individuals 
may feel an urge to eat a donut that is sitting 
on a conference room table; experience fa-
tigue or boredom during exercise or have the 
thought that another activity would be more 
enjoyable than exercise; or be tempted to 
avoid writing down the calories from an in-
dulgent meal or feel anxious about stepping 
on the scale. The goal of treatment is not to 
resign oneself to the unhealthy behavior that 
such internal experiences may be prompting 
(e.g., eating the donut, skipping or ending a 
bout of exercise, or avoiding the food record 
or scale). Rather, individuals learn to toler-
ate—without judgment—uncomfortable 
thoughts, feelings, urges, and sensations, 
recognizing that they are a natural part of 
the human weight control experience. When 
ACT is used in other domains of behavior 
change, treatment may focus on internal 
experiences that are acutely distressing or 
aversive, such as feelings of panic. As applied 
to obesity, a broader framework is used that 
incorporates acceptance of less acute experi-
ences, such as perceived deprivation, hedonic 
sacrifice, and the particular type of discom-
fort that can be experienced when forgoing a 
more pleasurable option for one that is per-
ceived as less pleasurable. For example, when 
contemplating the choice of grilled chicken 
salad versus pizza for dinner, many individu-
als would not describe their internal experi-
ence at that moment as frank distress, but 
would agree that anticipation of forgoing the 
more palatable food can feel uncomfortable.

Individuals build on their attitude of ac-
ceptance by exhibiting willingness in their 
behaviors. Willingness is the core way of 
demonstrating psychological flexibility; a 
high level of willingness positions individu-
als to choose behaviors based on their values, 

rather than allowing internal experiences to 
dictate behavior. Many individuals entering 
treatment will find that in their previous at-
tempts at weight loss, they had a low level of 
psychological flexibility, in that internal ex-
periences such as hunger, cravings, or energy 
level powerfully dictated their eating and 
activity choices. ACT clinicians validate this 
“old” approach as a normative human re-
sponse, while at the same time building self-
efficacy for change. Willingness is framed as 
a “muscle” or “skill” that can be mastered 
through deliberate practice. Building will-
ingness skills gives individuals the ability 
to choose behaviors that are consistent with 
their values and long-term goals, regardless 
of how pleasurable or uncomfortable they 
may feel in the short term. Ultimately, in-
dividuals strive to separate internal experi-
ences from behavior.

Mindful decision making is framed as a 
tool that orients individuals toward flex-
ible action. By having greater awareness of 
cues for behavior, individuals may in turn 
have less automatic reactions to such cues. 
Individuals learn to attend to, observe, and 
describe internal experiences without judg-
ment, often recognizing that what is being 
“offered up” by the mind or body is a natu-
ral response to internal or external stimuli 
(e.g., a drive to consume palatable food). 
Such mindful awareness then allows indi-
viduals to deploy their willingness skills and 
make deliberate decisions based on long-
term goals and values.

Mindful awareness of values is also a 
critical component of treatment. Individuals 
engage in activities, discussions, and exercis-
es in order to develop greater clarity about 
what is most important to them. For ex-
ample, they are asked to think deeply about 
what it means to them personally to be liv-
ing a rich and full life. Individuals are also 
asked to consider the ways in which healthy 
eating, physical activity, and weight control 
will allow them to pursue fulfillment in the 
domains that are most important to them. 
Throughout treatment, individuals are en-
couraged to develop a heightened awareness 
of how their weight-related behaviors do or 
do not move them in the direction of living 
a valued life. Values awareness is critical for 
sustaining the effort required by willingness.
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Efficacy
A number of studies have been conducted 
to evaluate the efficacy of acceptance-based 
interventions. These studies vary in format 
from analogue studies that are highly con-
trolled but limited in focus and generaliz-
ability, to uncontrolled studies that have no 
active comparison intervention, to RCTs. In 
the following material, we discuss the body 
of evidence for interventions that meet our 
definition of “acceptance-based behavioral 
weight loss treatments,” that is, those that at 
least loosely integrate ACT and behavioral 
weight loss concepts. Methods and results 
are summarized in Table 31.3. We note that 
we do not include traditional mindfulness 
(e.g., “mindful eating”) interventions in 
this review, and that previous reviews have 
determined that such interventions do not 
produce weight loss (Katterman, Kleinman, 
Hood, Nackers, & Corsica, 2014).

Analogue Studies

Analogue studies use controlled laboratory 
conditions to test the initial efficacy and/
or mechanisms of action for a focal inter-
vention component. For example, two such 
studies investigated the efficacy of strate-
gies for coping with food cravings (based 
on the premise that refraining from food 
cravings was an analogue for successful 
weight control). In the first study, regular 
chocolate eaters were asked to abstain from 
chocolate consumption for 48 hours. In ad-
dition, they were asked to keep a transpar-
ent box of Hershey’s kisses with them at all 
times for 48 hours. Prior to the abstinence 
challenge, participants were randomized 
to receive one of two 75-minute interven-
tions: a cognitive-behavioral intervention 
drawn from a standard behavioral weight 
loss protocol (Brownell, 2004) or an accep-
tance-based intervention adapted from ACT 
(Hayes et al., 1999). The acceptance train-
ing resulted in lower craving intensity and 
higher abstinence rates among those partici-
pants most susceptible to food stimuli (For-
man et al., 2007). Equivalent results were 
obtained in a similar study with overweight 
participants who abstained from sweets for 
72 hours (Forman, Hoffman, Juarascio, Bu-
tryn, & Herbert, 2013). Another study with 

similar methods randomized participants to 
thought suppression instruction, defusion 
instruction (an acceptance-based strategy 
to step back and see thoughts, feelings, and 
cravings as mental processes), or no instruc-
tion (Hooper, Sandoz, Ashton, Clarke, & 
McHugh, 2012). Participants who received 
either instruction showed improved choco-
late abstinence across 6 days, and those who 
received the acceptance training showed the 
least consumption at a final lab taste test. 
Another study attempted to isolate the ef-
fect of an acceptance-based intervention for 
cravings by adding it to an existing weight 
loss treatment (Alberts, Mulkens, Smeets, & 
Thewissen, 2010). Participants in the weight 
loss treatment were randomized to receive 
the standard version of the treatment or a 
version with an additional acceptance-based 
cravings intervention. Those receiving the 
acceptance-based component reported re-
duced food cravings, but there was no dif-
ference in weight loss. Overall, results from 
analogue studies offer support for the ef-
ficacy of treatment components that teach 
psychological acceptance, both in terms of 
subjective experience and eating behavior.

Uncontrolled Trials

Trials conducted without a control group 
leave open the possibility that observed ef-
fects are not attributable to particular as-
pects of treatment. However, they do offer 
preliminary tests of effectiveness as well as 
opportunities to evaluate the acceptability 
and feasibility of a new treatment. As such, 
uncontrolled trials have established the po-
tential promise of acceptance-based behav-
ioral treatment. For example, participants 
who were enrolled in a 12-week, group-
based, acceptance-based behavioral treat-
ment (ABT) for weight loss achieved a mean 
weight loss of 8.1% (7.9 kg) at posttreatment 
and 10.1% (9.8 kg) at a 6-month follow-up 
(Forman, Butryn, Hoffman, & Herbert, 
2009). A 24-session trial of ABT produced 
a 12.0 kg weight loss (and excellent weight 
loss maintenance at follow-up) among over-
weight individuals with disinhibited eating 
(who are known to exhibit reduced response 
to standard behavioral treatment; Niemeier, 
Leahey, Palm Reed, Brown, & Wing, 2012). 
In a small sample of cardiac patients, ABT 
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TABLE 31.3. Efficacy of Acceptance‑Based Treatments (ABT) for Weight Loss

Study Methods Results

Analogue studies

Forman et al. 
(2007)

Regular chocolate eaters (N = 98) were 
asked to carry a transparent box of 
chocolates for 48 hours, but not to eat 
any chocolate. Randomized to ABT or 
standard CBT training for coping with 
cravings.

ABT resulted in lower craving intensity 
and chocolate consumption among those 
most susceptible to food stimuli.

Alberts, Mulkens, 
Smeets, & 
Thewissen (2010)

Individuals in a weight loss group were 
randomized to an additional 7 weeks 
of acceptance-based intervention for 
managing cravings, or to a control.

Participants in the acceptance of 
cravings group reported significantly 
lower cravings for food, but weight loss 
was equivalent.

Forman, Hoffman, 
Juarascio, Butryn, 
& Herbert (2013)

Overweight participants (N = 48) who 
regularly ate sweets were asked to 
keep a transparent box of sweets for 
72 hours, but not to eat any sweets. 
Randomized to ABT or standard CBT 
training for coping with cravings.

ABT coping strategies resulted in lower 
cravings and reduced consumption, 
particularly for those who demonstrated 
greater susceptibility to the presence of 
food and reported a tendency to engage 
in emotional eating.

Hooper, Sandoz, 
Ashton, Clarke, & 
McHugh (2012)

Participants (N = 54) were randomized 
to one of three conditions: thought 
suppression instruction, defusion 
instruction, or no instruction. 
Participants were then asked to refrain 
from eating chocolate for a 6-day 
period.

Both active interventions were equally 
effective during the 6-day abstinence 
period, but participants in the 
acceptance-based condition showed 
reduced rebound eating at a final, lab-
based chocolate taste test.

Uncontrolled studies

Forman, Butryn, 
Hoffman, & 
Herbert (2009)

Overweight participants (N = 19)  were 
assigned to a 12-week ABT for weight 
control.

Participants exhibited a mean weight 
loss of 8.1% (7.9 kg) at posttreatment 
and 10.1% (9.8 kg) at 6-month 
follow-up.

Niemeier, Leahey, 
Palm Reed, Brown, 
& Wing (2012)

Overweight participants with 
disinhibited eating (N = 21) participated 
in a 24-week ABT weight loss 
intervention.

Weight loss at 3-month follow-up 
averaged 12.1 kg.

Goodwin, Forman, 
Herbert, Butryn, 
& Ledley (2012)

Patients just treated for cardiac events/
conditions (N = 16) were entered into a 
four-session ABT intervention.

Patients experienced clinically 
significant decreases in weight (M = 0.9 
kg/week) and calorie, saturated fat, and 
sodium intake, and increases in physical 
activity.

Bradley, Forman, 
Sarwer, Butryn, & 
Herbert (2013)

Patients 1.5 to 4 years postbariatric 
surgery who were regaining weight (N = 
8) participated in a 10-week ABT group 
intervention.

Weight regain was stopped, with a mean 
total body weight loss of 3.6% at post 
treatment.

Bradley et al. 
(2015)

Patients ≥ 1.5 years postbariatric 
surgery who were regaining weight (N = 
16) participated in a 10-week ABT web-
based intervention.

Patients experienced a mean weight 
change of –5.1%.

(continued)
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produced clinically significant decreases in 
weight (M = 0.9 kg/week) and intake of cal-
ories, saturated fat, and sodium (Goodwin, 
Forman, Herbert, Butryn, & Ledley, 2012). 
Two small open trials of ABT for individu-
als who had received bariatric surgery re-
vealed that patients who were on a weight 
gain trajectory stopped and reversed this 
weight gain when ABT was delivered in per-
son (Bradley et al., 2016) or online (Bradley 
et al., 2015). Collectively, these five studies 
strongly suggest that ABT is a feasible, ac-
ceptable, and effective method of achieving 
weight loss across a range of samples.

RCTs

A number of RCTs of ACT-related weight 
loss treatments have been conducted. These 
trials can be divided into those that used a 
gold-standard treatment in a comparison 
condition and those that did not. In the lat-
ter category, individuals who had already 
completed a community-based weight loss 
program (e.g., Weight Watchers) were ran-
domized to a 6-hour ACT-based workshop 
or to a wait list. The workshop resulted in 
an additional 1.5% weight loss at 3 months, 
relative to a 0.3% weight gain among wait-

TABLE 31.3. (continued)

Study Methods Results

Randomized controlled trials

Lillis, Hayes, 
Bunting, & 
Masuda (2009)

Individuals who had completed a weight 
loss program in the community (N = 
84) were randomized to a 6-hour ACT-
based workshop or to a wait-list control.

The workshop produced a 1.5% weight 
loss by the 3-month follow-up, whereas 
the wait list resulted in a 0.3% gain.

Tapper et al. 
(2009)

Overweight women (N = 62) were 
randomized to four 2-hour ACT 
workshops or to a control condition.

Those assigned to the ACT workshop 
exhibited greater reductions in BMI at 
6 months (–0.54 vs. –0.04 kg/m2) and 
greater increases in physical activity 
(+2.2 vs. –0.6 bouts/week) compared to 
controls.

Katterman, 
Goldstein, Butryn, 
Forman, & Lowe 
(2014)

University students (N = 58) were 
randomized to 8 hours of an ABT 
weight gain prevention intervention or 
an assessment-only control.

At the 1-year follow-up, ABT 
participants demonstrated a –0.47 kg/
m2 change in BMI, compared to +0.74 
kg/m2 for controls.

Forman, Butryn, et 
al. (2013)

Overweight participants (N = 128) were 
randomized to receive 30 sessions of 
group-based ABT or gold-standard CBT 
treatment over the course of 40 weeks.

At 15 months (6 months posttreatment), 
weight loss was somewhat greater for 
those receiving ABT, but the advantage 
of ABT was especially pronounced when 
delivered by weight control experts (11.0 
vs. 4.8%), and for participants with 
particular vulnerabilities (e.g., 11.2% 
vs. 4.6% for those higher in depression).

Forman et al. 
(2016)

Overweight participants (N = 190) were 
randomized to 25 sessions of ABT or 
standard behavioral treatment over 1 
year.

At 1 year, participants assigned to ABT 
lost more weight (13.3%) than did those 
assigned to standard treatment (9.8%).

Weineland, Hayes, 
& Dahl (2012)

Postbariatric surgery patients (N = 
39) were randomized to either an 
ACT-based in-person plus Internet 
intervention or to treatment as usual.

Relative to the control condition, ACT 
participants demonstrated gains in 
quality of life and body satisfaction; 
disordered eating did not differ 
significantly at follow-up. Weight 
outcomes were not evaluated.

Note. ABT, acceptance-based behavioral treatment; CBT, cognitive-behavioral therapy; BMI, body mass index.
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list controls (Lillis et al., 2009). Another 
workshop study randomized women to four 
2-hour ACT sessions or to a control condi-
tion. Compared to controls, those assigned 
to the ACT workshop exhibited greater 
reductions in body mass index (BMI) at 6 
months (–0.54 vs. –0.04 kg/m2) and greater 
increases in physical activity (+2.2 vs. –0.6 
bouts/week; Tapper et al., 2009). A weight 
gain prevention study randomized univer-
sity students to either 8 hours of ABT or an 
assessment-only control condition. ABT re-
sulted in a 0.47 kg/m2 decrease in BMI at 
1-year follow-up versus a gain of 0.74 kg/
m2 for control participants (Katterman, 
Goldstein, Butryn, Forman, & Lowe, 2014). 
Bariatric surgery patients who were assigned 
to an ACT-based in-person plus Internet in-
tervention demonstrated improved quality 
of life and decreased body dissatisfaction 
compared to those assigned to treatment 
as usual; body weight was not measured 
(Weineland, Hayes, & Dahl, 2012).

To our knowledge, only two trials have 
compared ABT to a gold-standard behav-
ioral weight loss treatment. In one, over-
weight participants (N = 128) were ran-
domized to either a 40-week, group-based 
ABT or to standard behavioral weight loss 
treatment (Forman, Butryn, et al., 2013). 
The core components of behavioral treat-
ment were present and equivalent in the two 
conditions, and the treatments prescribed 
equivalent calorie intake, physical activity, 
and weight loss goals. At the final 15-month 
assessment (i.e., 6-month follow-up), partic-
ipants assigned to ABT and standard behav-
ioral treatment lost 9.2% and 7.4%, respec-
tively (p = .37). However, an advantage of 
ABT was present under certain conditions. 
For example, weight losses were larger for 
those receiving ABT (11.0%) than for those 
who received standard treatment (4.8%) 
when the treatments were administered by 
weight control experts as opposed to gradu-
ate student trainees. Also, ABT resulted in 
considerably greater weight losses for those 
who showed elevated mood disturbance, 
responsivity to food cues, or disinhibited 
eating. In a follow-up study, participants 
with overweight and obesity (N = 190) were 
randomized to 25 sessions (delivered over 1 
year) of ABT or standard behavioral treat-
ment (Forman et al., 2016). Participants 

assigned to ABT achieved a significantly 
greater 12-month weight loss (13.3%) than 
did those assigned to standard treatment 
(9.8%). ABT participants were also more 
likely to maintain a ≥ 10% weight loss at 12 
months (64.0 vs. 48.9% of participants). In 
contrast to several previous studies, no evi-
dence of treatment moderators was found 
(i.e., the advantage of ABT appeared to be 
similar across subtypes of participants). Re-
sults also supported the mediating role of 
autonomous motivation and psychological 
acceptance of food-related urges (Forman et 
al., 2016).

Conclusions and Future Directions
Collectively, these results indicate that ABT 
is an effective weight loss treatment, and 
one RCT suggests that it may even be more 
effective than the current gold-standard be-
havioral treatment. However, several areas 
of future research are indicated. First, addi-
tional randomized trials comparing ABT to 
gold-standard treatment should be conduct-
ed, preferably by a variety of research labs. 
Second, studies that determine the extent to 
which treatment effects persist beyond in-
person meetings should also be conducted. 
A related line of research could investigate 
methods that effectively extend the effects of 
ABT into the long term, such as booster ses-
sions, online modules, phone contacts, text 
messages, and smartphone apps. In addi-
tion, it is important to identify whether there 
are certain individuals who are especially 
well suited (or especially nonresponsive) to 
ABT. The current findings are mixed in this 
regard. A relatively new and applicable ap-
proach to treatment-matching research in-
volves comparing outcomes for participants 
who show a lack of response to a first-line 
treatment and then remain in the same treat-
ment or are switched to a different treatment 
(e.g., ABT; Sherwood et al., 2016). Finally, it 
is critical that future studies investigate the 
mechanisms of action through which ABT 
exerts its effects. Doing so will enable modi-
fication of ABT in order to enhance its po-
tency. This line of research may require the 
development of new methods of measure-
ment, as much of the extant work relies on 
self-report measures, which are known to be 
unreliable.
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About 40% of premature mortality can be 
attributed to our health behaviors (McGin-
nis, Williams-Russo, & Knickman, 2002; 
Schroeder, 2007). For example, physical 
inactivity and poor diet are major contrib-
uting factors to obesity and other leading 
causes of morbidity and mortality (Lee et 
al., 2012). Even though most people know 
that these behaviors are bad for their health, 
they have difficulty changing their habits. 
Most of these behaviors are related to daily 
choices such as what to eat or whether to 
exercise and for how long.

Recognizing that there are many reasons 
people don’t take action to improve their 
health, behavior change experts have fo-
cused efforts on changing both individual 
behaviors and environments in ways that 
will support health (Glanz & Bishop, 2010). 
Similarly, policymakers have instituted 
strategies targeted at individual behav-
ior, such as incentives, and environmental 
strategies, such as mandated food labeling. 
For example, Section 2705 of the Afford-
able Care Act allows employers to provide 
incentives of up to 50% of total premiums 
based on outcomes such as reduced body 
mass index (BMI), lowered blood pressure 
or cholesterol, and smoking cessation, an 

approach that could put as much as $300 
billion worth of employee health incentives 
in play annually (Volpp, Asch, Galvin, & 
Loewenstein, 2011; Madison, Schmidt, & 
Volpp, 2013).

Many of the approaches being used have 
built-in limitations, having been designed 
around the pervasive view that health care 
decisions are rationally based economic 
transactions and that rational people will 
dispassionately assess the net present value 
of the costs and benefits of alternative paths 
and pursue the best path forward. When in-
centives are used, there is often an assump-
tion that all that matters is the magnitude of 
the incentives and that the design, feedback 
frequency, saliency, and framing do not mat-
ter. These approaches seem generally well 
suited to support the health of people who 
behave as economists assume they will be-
have but might be less effective in support-
ing the health of broader populations. Public 
health programs, including those involving 
financial incentives, would likely be more ef-
fective if designed based not on how perfect-
ly rational people should make health deci-
sions, but rather on how real people actually 
do make them (Loewenstein, Brennan, & 
Volpp, 2007).
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Embracing a Behavioral 
Economic Framework

Behavioral economics is a field that differs 
in its approach from standard traditional 
economics (Table 32.1). Behavioral eco-
nomics incorporates principles from psy-
chology to help understand why individu-
als make decisions that are not in line with 
longer-term health goals. Instead, individu-
als often deviate from these goals in a pre-
dictable manner based on a common set of 
decision errors (Table 32.2). For example, 
individuals tend to be more motivated by 
immediate rather than delayed gratification 
(O’Donoghue & Rabin, 2000), and by loss-
es rather than gains (Kahneman & Tversky, 
1979). They also tend to avoid the feeling of 
regret (Zeelenberg & Pieters, 2004). These 
insights reveal that the design and delivery 
of an incentive have an important impact 
on its effectiveness. Behavioral economists 
have proposed an asymmetric paternalism 
approach to public policy (Loewenstein et 
al., 2007). This approach is paternalistic in 
attempting to help individuals achieve their 
own goals, in effect protecting them from 
themselves, in contrast with conventional 
forms of regulation designed to prevent in-
dividuals from harming others. Asymmetric 
paternalism differs from “heavy-handed” 
paternalism in attempting to protect people 
without limiting their freedom of choice. It 

is asymmetric in the sense of helping indi-
viduals who are prone to making irrational 
decisions, while not restricting the freedom 
of choice of those who make informed, de-
liberate decisions. For example, arranging 
the presentation of food in a cafeteria line 
so that the healthy foods appear first is like-
ly to increase the amount of healthy foods 
chosen, without depriving those who want 
the unhealthy foods of the opportunity to 
purchase them (Thaler & Sunstein, 2003). 
People who believe that individuals behave 
optimally should not object to asymmetric 
paternalism because it does not limit free-
dom, whereas those who accept the limits of 
human rationality should actively endorse 
such measures.

Traditional economics justifies seemingly 
suboptimal decisions as reflections of some 
implied but hidden rational choices, whereas 
behavioral economics sees our seemingly 
suboptimal decisions as errors. Many people 
have trouble dieting, exercising, and saving 
money, and are prone to procrastination even 
when the cumulative consequences are se-
vere (Loewenstein et al., 2007). Many com-
mercial enterprises exploit these decision er-
rors. Credit card companies and automobile 
manufacturers lure new customers with “$0 
down” and fleeting but tempting teaser rates 
of “0% interest,” playing on the common 
propensity to focus on the present rather 
than on the future. Banks earn revenue by 

TABLE 32.1. Traditional versus Behavioral Economics

Traditional economics Behavioral economics

Core theory: Expected utility maximization Core theory: Prospect theory

Assumes perfect rationality Recognizes that people make decision errors

Starting-point independent Assessment depends on the starting point

Framing doesn’t matter Framing affects assessment even when utilities are the same

Stable preferences Time-inconsistent preferences

People discount the future at constant rates People discount the near future to a greater degree and have 
time-inconsistent discounting

Intervene only when my actions adversely 
affect others (negative externalities)

Consider interventions when people will harm their future 
selves (internalities)

Regulations and policies generally geared to 
protecting people from the actions of others

Regulations and policies often geared to protecting people 
from themselves
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charging high fees (generally not prominent 
in program descriptions) for minor mistakes 
such as account overdrafts or breaches of 
minimum balance rules. States market lot-
tery tickets that return $0.45 on the dol-
lar and promote these games in ways that 
ignore probabilities, with messages such as 
“You can’t win if you don’t play.”

The promise of behavioral economics for 
population health is that many of the same 
messages, incentives, and choice structures 
that effectively lure people into situations 
where they may be exploited can be redi-
rected to attract them to healthier choices 
that improve their long-term well-being. 
Decision errors affect policymakers as well, 
with broader ramifications for the types of 
policies that are developed and adopted.

Early Evidence on Using Behavioral 
Economics to Facilitate Weight Loss

Efforts using financial incentives to combat 
obesity began in the 1970s with seminal 
works by Bob Jeffery (Jeffery, Thompson, & 
Wing, 1978; Jeffrey, Gerber, Rosenthal, & 
Lundquist, 1983). Jeffery’s early work was 
motivated by an observation from an ear-
lier study in which participants deposited 
money and other valuables with a therapist 
and signed contracts stating that the return 
of valuables was contingent on progress to-

ward prespecified goals. Even though partic-
ipants received no training in weight loss or 
maintenance strategies, they lost an average 
of 14.5 kg (Mann, 1972). This small initial 
study lacked control groups and long-term 
follow-up but provided interesting proof of 
concept.

In the first study of deposit or precom-
mitment contracts by Jeffery et al. (1978), 
participants who responded to an adver-
tisement for a weight loss program were in-
formed that study participation required a 
deposit of $200 (1974 dollars), which would 
be fully refunded contingent on satisfactory 
weight loss. After an 11-session, 10-week 
program, those who received incentives for 
losing weight or for limiting calories lost sig-
nificantly more weight than those who re-
ceived incentives for attending sessions. Of 
the participants in the former two groups, 
70% lost more than 6.8 kg (15 pounds). The 
major limitation to this approach was that 
only 15% of the prospective participants 
who responded to the initial newspaper ad-
vertisement enrolled in the study, suggesting 
that deposit contracts that require partici-
pants to commit substantial funds up front 
are very effective for people who agree to 
participate, but that this requirement likely 
deters a substantial portion of high-risk par-
ticipants from entering.

A subsequent study tested the effects on 
weight loss of deposit contracts of $30, 

TABLE 32.2. Key Decision Errors and Suggestions for Addressing Them

Present-biased preferences Feedback needs to be relatively immediate

Nonlinear probability weighting Probabilistic rewards (lotteries) can be efficient ways to motivate.

Overoptimism and loss aversion Getting people to precommit and put money at risk is an effective 
motivational tool.

Peanuts effect Delivering rewards in bundles avoids dispensing many small rewards.

Narrow bracketing Framing rewards in terms of effort per day is preferable to offering 
them per month or year.

Regret aversion Utilizing anticipated regret can augment motivation.

Defaults/status quo bias Setting defaults/using power of choice architect to create environments 
can shift the path of least resistance to favor healthy choices

Rational world bias Recognize that simply providing information and assuming people will 
act rationally likely won’t result in the desired behaviors.
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$150, or $300, with the deposits returned 
based on either individual or group weight 
loss over 15 weeks (Jeffrey et al., 1983). Par-
ticipants in the intervention group could win 
$1, $5, or $10 per pound lost, up to a maxi-
mum cumulative weight loss of 2 pounds 
per week (either individual or group aver-
age). Mean weight loss was large in all three 
groups but did not differ significantly based 
on contract size. However, the proportion 
that reached the goal of 13.6 kg (30 pounds) 
weight loss was significantly higher in the 
larger incentive groups.

Because it is more difficult to lose larger 
amounts of weight, the investigators also 
tested whether a deposit contract with in-
creasing payments ($5, $10, $20, $40, 
$75) for each 5-pound increment of weight 
loss would be more effective than offering 
$30 for each 5-pound increment of weight 
loss (Jeffrey, Bjornson-Benson, Rosenthal, 
Kurth, & Dunn, 1984). Participants in both 
conditions were also offered a maintenance 
program requiring $100 deposit, returned in 
$25 increments for attendance at follow-up 
visits every 3 months. The increasing con-
tract resulted in qualitatively larger weight 
losses during the weight loss phase, but 
the maintenance program did not prevent 
weight gain, possibly because the magnitude 
of the deposit contract for maintenance was 
small, with feedback only every 3 months.

Jeffrey et al. (1993) found that paying 
participants for weight loss using direct pay-
ments was less effective than deposit con-
tracts. In a randomized trial, the authors 
found that cash payments of up to $25 per 
week for making 100% of proportional 
progress toward the goal, $12.50 for 50% 
of goal, and $2.50 for not gaining weight 
did not result in greater weight loss in the 
payment group than among control subjects.

Studies that have shown no effects on ei-
ther initial weight loss or maintenance typi-
cally used incentives of small magnitude or 
targeted behaviors, such as attendance at 
weight loss programs, that in and of them-
selves do not ensure weight loss (Jeffrey, 
Wing, Thorson, & Burton, 1998). In recent 
years, weight loss incentives have become a 
common feature in programs used by em-
ployers and health plans, and there have 
been a variety of start-ups focused on creat-

ing incentive-based programs online to po-
tentially help people lose weight.

Recent and Emerging Evidence  
on Using Behavioral Economics 
to Facilitate Weight Loss

Over the past decade, our group has con-
ducted a series of studies evaluating ap-
proaches that incorporate insights from be-
havioral economics into incentives designed 
to promote weight loss. Many of these stud-
ies were randomized controlled trials and 
were conducted in real-world settings, in-
cluding wellness programs, and with diverse 
patient populations.

In a 16-week weight loss study, 57 par-
ticipants with obesity in a Veterans Affairs 
medical center clinic were randomly as-
signed to a control group or to one of two 
financial incentive programs (Volpp et al., 
2008). Participants in the incentive groups 
were asked to lose 7.3 kg (16 pounds) over 
the 16-week study and were given a daily 
weight target. In one incentive group, par-
ticipants were offered a daily regret lottery, 
in which they were eligible for an approxi-
mately one in five chance of winning $10, 
or a one in 100 chance of winning $100, but 
only if they had met their weight loss target 
on the previous day. A regret lottery uses the 
concept of anticipated regret by informing 
participants whether they won and whether 
they would have won if they had met their 
goal. In the second incentive group, par-
ticipants were offered a deposit contract in 
which they could contribute between $0.01 
and $3.00 that would be returned and 
matched 1:1 with a $3.00 per day bonus for 
each day that they met their weight goal. 
After 16 weeks, participants in the control 
group had lost an average of 1.8 kg. Com-
pared to the control group, the two incentive 
groups had lost significantly more weight, 
with a mean weight loss of 6.0 kg in the re-
gret lottery group (p = .02) and 6.4 kg in 
the deposit contract group (p < .01) (Figure 
32.1). About half of those in the incentive 
groups met their 7.3 kg (16 pounds) weight 
loss goal, compared to only about 10% of 
those in the control group. Participants were 
followed for an additional 3 months (framed 



526 AddItIonAL APProAches to And resources for the treAtMent of obesIty

as a maintenance period), and while the in-
centive groups still lost more weight than the 
control group (i.e., the regret lottery group 
lost 4.2 kg, the deposit contract group lost 
2.8 kg, and the control group lost 2.0 kg), 
differences were no longer statistically sig-
nificant (Figure 32.2). This study demon-
strated that financial incentives could be 
designed using insights from behavioral eco-
nomics to promote weight loss in the short 
term and that evaluation of incentives over 
longer periods was needed.

In a follow-up study, 66 participants were 
randomly assigned to a control group or one 
of two deposit contract incentive groups in 
a 32-week weight loss program (John et al., 
2011). Participants in both deposit contract 
groups could contribute between $0.01 and 
$3.00 per day and get their money back, 
plus a 1:1 match if they met their daily 
weight loss goal. The two groups differed 
only in that one group was told that weeks 
25–32 were for “weight loss maintenance,” 
whereas the other group was told it was a 
32-week weight loss study. After 32 weeks, 
participants in the control group had lost a 
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FIGURE 32.1. Weight loss in financial incentive groups compared to control after the 16-week inter-
vention. Based on Volpp et al. (2008).

FIGURE 32.2. Weight loss by arm in control and 
incentive groups from enrollment to the end of 7 
months. Data from Volpp et al. (2008).
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mean of 0.5 kg, whereas participants in the 
incentive groups had lost significantly more, 
with a mean weight loss of 4.0 kg (p = .04) 
(no difference between intervention arms). 
Participants were followed for 9 additional 
months and differences were no longer sig-
nificant, with the control group losing a 
mean of 0.1 kg, and the participants in the 
deposit contract groups losing a mean of 0.5 
kg (p = .76) (Figure 32.3).

Although both of these studies suggest 
that financial incentives promote weight 
loss, many employers use premium adjust-
ments (increases or decreases to health insur-
ance payments) as their standard approach 
to using financial incentives for health pro-
motion. There is little evidence evaluating 
the effectiveness of this practice. To examine 
this approach, we conducted one of the first 
prospective clinical trials of the effectiveness 
of premium-based financial incentives to 
promote weight loss (Patel, Asch, Troxel, et 

al., 2016). We enrolled 197 employees with 
a BMI of 30 kg/m2 or greater in a workplace 
wellness program and gave them a goal of 
losing 5% of their initial weight over the 
next year. Weight scales were made available 
at several locations within the workplace, 
and participants were encouraged to use 
them as often as they wished. Participants 
were randomly assigned to a control group 
with no other intervention or to one of three 
financial incentive groups. Two intervention 
groups were offered a premium reduction of 
$550 if they achieved their weight loss goal 
by 1 year. The “delayed” group would re-
ceive the premium adjustment in the follow-
ing year, spread across each pay period. The 
“immediate” group would have their pre-
miums adjusted as soon as the weight loss 
goal was met. A third intervention group 
was offered a daily lottery with about a one 
in five chance of winning $10 and a one in 
100 chance of winning $100. To be eligible 
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FIGURE 32.3. Mean weight losses at 32 and 68 weeks of participants randomly assigned to (1) control 
group; (2) deposit contract (DC) group that was informed that the 32-week intervention was divided 
into weight loss and weight loss maintenance; and (3) DC group that was only informed of one 32-week 
phase of treatment. Participants were followed up 36 weeks after treatment termination (i.e., week 68). 
From John et al. (2011).



528 AddItIonAL APProAches to And resources for the treAtMent of obesIty

to win each day, participants had to weigh 
in and be on track to lose 5% of their initial 
weight loss by 6 months, with maintenance 
for the subsequent 6 months. Unlike our 
prior studies, we were not able to provide 
regret feedback on occasions when partici-
pants won the lottery but did not weigh in, 
because we did not have employee sched-
ules, and it was unclear if their not weigh-
ing in was due to nonadherence or to a day 
off. After 1 year in the program, on average, 
none of the intervention approaches showed 
a significant degree of weight loss. The 
control group gained < 0.1 kg, the delayed 
premium adjustment group lost 0.5 kg, the 
immediate premium adjustment group lost 
0.6 kg, and the lottery incentive group lost 
0.5 kg. On average, employees did not use 
the workplace weight scales often. The pro-
portion of participants in the control group 
and both premium adjustment groups who 
weighed in at least once a week dropped 
from nearly 50% at the beginning of the 
study to 10% by week 6. The frequency of 
weekly weigh-ins in the daily lottery group 
began at near 90% and steadily declined to 
25% by 6 months.

The relative ineffectiveness of premium-
based financial incentives is not surprising, 
given their design (Patel, Asch, & Volpp, 
2016). Such incentives are typically hidden 
in paychecks that are directly deposited in 
bank accounts and may go unnoticed by the 
individual. While a $550 incentive seems 
like a large amount, it is only $20 in each bi-
weekly paycheck. Typically, these incentives 
are administered on an all-or-nothing basis, 
contingent on meeting a specific threshold, 
such as a BMI ≤ 25 kg/m2, meaning that 
those who are close to the goal will try hard, 
but those who are further away have little 
chance of succeeding. Most employers use 
premium adjustments to deploy financial in-
centives because the infrastructure to do so 
is already in place, despite the fact that the 
evidence on their effectiveness in unknown. 
This study suggests that the standard ap-
proach of using premium-based incentives is 
not effective and that employers should con-
sider alternatives.

Our group has demonstrated successful 
approaches for using financial incentives 
within the employer setting by using cash 
or check payments instead of premium ad-

justments. In one study, 105 employees were 
randomly assigned to a control arm, an in-
dividual incentive arm, or a group incen-
tive arm for a 24-week weight loss program 
(Kullgren et al., 2013). All participants were 
given the goal of losing 0.4 kg each week 
and were asked to weigh in at work each 
month. Participants in the individual incen-
tive arm could receive $100 at each weigh-in 
if they met their monthly weight goal. Par-
ticipants in the group incentive arm were 
told that $500 would be split among five 
employees, but only those who met their 
monthly weight goal would receive a share 
of the money. After 24 weeks, the control 
arm had lost a mean of 0.5 kg. Participants 
in the individual incentive arm had lost a 
mean of 1.7 kg, but this loss was not signifi-
cantly different from the control group (p = 
.34). However, the group incentive arm lost 
4.8 kg, which was significantly more than 
the control group (p = < .01). After an ad-
ditional 12 weeks of follow-up, the control 
group had a mean weight loss of 0.3 kg. The 
individual incentive arm had a mean weight 
loss of 0.8 kg, which was not different from 
control. However, the group incentive arm 
had a mean weight loss of 3.4 kg, which was 
still significantly different from the control 
condition (p = .02) (Kullgren et al., 2013).

In another study, we randomly assigned 
281 overweight and obese adults to a control 
group or to one of three incentive groups for 
a 13-week physical activity program (Patel, 
Asch, Rosin, et al., 2016). All participants 
tracked their daily step counts using their 
smartphones and were given the goal of 
achieving 7,000 steps per day. Participants 
in each of the three incentive arms were of-
fered the same magnitude incentive, $1.40 
per day, and were told that accumulated 
earnings would be sent via a check at the 
end of each month. However, the incentive 
in each group was framed differently. In the 
standard gain incentive group, participants 
were told that they could earn $1.40 each day 
they achieved the goal. In the regret lottery 
incentive group, participants were in a daily 
regret lottery in which they had about a one 
in five chance of winning $5 and a one in 
100 chance of winning $50, which averages 
to about $1.40 per day. In the loss-framing 
incentive group, participants were told at the 
beginning of each month that $42 had been 
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placed in a virtual account and that they 
would lose $1.40 each day the goal was not 
achieved. During the 13-week intervention, 
participants in the control arm achieved 
their daily step goal about 30% of the time. 
Participants in the standard gain incentive 
and regret lottery incentive achieved the 
goal 35% and 36% of the time, respectively, 
but neither group was significantly differ-
ent from the control group. However, in the 
loss-framing group, participants achieved 
the goal 45% of the time, a 50% relative in-
crease, which was significantly greater than 
the control arm (p = .001). This study dem-
onstrated how loss framing can be used to 
motivate behavior change. It is also one of 
the first studies to do so without requiring 
participants to put their own money at risk 
using a deposit contract. This aspect of the 
study is important because there is evidence 
that fewer people are willing to engage in 
deposit-contract-based incentives than in re-
ward-based incentives (Halpern et al., 2015)

Our group has several other studies that 
are currently in the field or in press for pub-
lication. In one study, we are testing how 
differing degrees of employer-based match-
ing of deposit contracts affects participation 
rates. Another study, in collaboration with 
Weight Watchers, is evaluating how differ-
ing degrees of employer subsidization of the 
cost of Weight Watchers membership (be-
tween 50% and 100%) affect enrollment, 
ongoing participation, and weight loss. In a 
second study with Weight Watchers, incen-
tives are being evaluated for their role in 
facilitating the maintenance of weight loss. 
In addition, we are beginning to test how 
insights from behavioral economics could 
be incorporated into programs that focus 
more on social incentives, by asking partici-
pants to form teams with family members or 
friends and to participate in a gamification-
based intervention that incorporates insights 
from behavioral economics.

Summary

Health behaviors play an important role in 
weight management and overall health. A 
growing body of evidence demonstrates that 
individuals typically do not make decisions 
using standard economic frameworks and 

instead have predictably irrational tenden-
cies in regards to their decisions, behaviors, 
and habits. Public and private sector efforts 
to improve programs focused on weight 
management could benefit from incorporat-
ing insights from behavioral economics to 
design incentives that address predictable 
barriers to behavior change.
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Obesity remains a significant problem in 
the United States, as more than one-third of 
the American population is obese (Ogden, 
Carroll, Kit, & Flegal, 2014). Currently, 
bariatric surgery is the best-known treat-
ment for morbid obesity (body mass index 
[BMI] > 40 or BMI > 35 with comorbidi-
ties). For patients with morbid obesity, mul-
tiple meta-analyses have shown bariatric 
surgery to be more effective than diet and 
exercise or pharmacological treatment (Gloy 
et al., 2013). However, the costs associ-
ated with bariatric surgery are prohibitive, 
which may be one reason why, worldwide, 
less than 1% of patients with morbid obesity 
who qualify for bariatric surgery actually 
receive it (Angrisani et al., 2015; Buchwald 
& Oien, 2013). Evidently, to increase access 
to treatment for the remainder of the mor-
bidly obese and obese populations, as well 
as alleviate the financial burden of bariat-
ric surgery, alternate modalities are needed. 
Nonsurgical interventional modalities pres-
ent increasingly promising and exciting op-
tions for the treatment of obesity.

Recently, the U.S. Food and Drug Ad-
ministration (FDA) approved the first non-
surgical interventional therapies for obesity. 
Three intragastric balloon systems were 
approved for use in patients with a BMI of 
30–40 kg/m2. Additionally, the AspireAssist 
system for gastric aspiration was approved 
on June 14, 2016 for use in patients with a 
BMI of 35–55 kg/m2. Finally, several endo-
scopic gastric suturing techniques have been 
developed using both FDA-approved endo-
scopic devices and devices undergoing clini-
cal trials for FDA approval.

The current nonsurgical interventional 
modalities for the treatment of obesity 
can be divided into six main categories: 
(1) space-occupying devices, (2) restrictive 
procedures, (3) bypass liners, (4) aspiration 
therapy, (5) electrical stimulation, and (6) 
other therapies. These categories are listed 
along with the associated devices in Table 
33.1 and represented visually in Figure 33.1. 
Notable outcomes for selected devices, as 
reported in the pivotal clinical trial or larg-
est study of each treatment, are shown in 
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Figure 33.2. At the end of the chapter, Ap-
pendix 33.1 lists detailed outcomes for the 
three FDA-approved balloons and the one 
FDA-approved aspiration therapy device. 
Appendix 33.2 provides links to webpages 
containing images of each type of treatment 
discussed in this chapter. In the following 
sections, selected examples of each treat-
ment approach are described in turn.

These devices and approaches can be used 
as primary treatments for obesity, as bridge 
therapies to bariatric surgery, or as revision-

al treatments after bariatric surgery ( Chiang 
& Ryou, 2016). This chapter provides gas-
trointestinal surgeons, endoscopists, and 
other readers with a comprehensive over-
view of nonsurgical interventional modali-
ties for the primary treatment of obesity. 
Hopefully, these modalities will increase 
flexibility in tailoring multimodality treat-
ment approaches to each individual patient 
and help address the current vastly unmet 
needs among patients with obesity and mor-
bid obesity.

TABLE 33.1. Devices Associated with Nonsurgical Interventional Treatments for Obesity

Procedure Device

Space-occupying devices

Intragastric balloons
FDA status: approved ORBERA; ReShape Dual Balloon; Obalon

FDA status: not approved Elipse; Heliosphere; Silimed Gastric Balloon; Endball; Adjustable 
Totally Implantable Intragastric Prosthesis (ATIIP)—Endogast; 
Ulllorex

Other space-occupying therapies TransPyloric Shuttle; Full Sense Device; SatiSphere

Restrictive procedures

Endoscopic sleeve gastroplasty Apollo OverStitch

Primary obesity surgery endoluminal 
(POSE)

Incisionless Operating Platform (IOP); G-Cath EZ Suture Anchor 
Delivery Catheter

Endoscopic gastroplasty EndoCinch; RESTORe Suturing System

Transoral gastroplasty TOGA System

Articulating circular endoscopic 
stapling procedure

ACE stapler

Bypass liners

Duodenal–jejunal bypass liner EndoBarrier

Gastro–duodeno–jejunal bypass liner ValenTx

Aspiration therapy AspireAssist System

Electrical stimulation

Gastric stimulationa Enterra System; abiliti system; DIAMOND System

Vagal blockadea Enteromedics Maestro Rechargeable System

Other therapies

Magnet compression anastomoses Incisionless Anastomotic System (IAS)

Duodenal mucosal resurfacing Revita

Intragastric botulinum toxin-A

aCurrently requires open or laparoscopic placement.
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FIGURE 33.1. Visual representations of selected nonsurgical interventional treatments for obesity.
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Space‑Occupying Devices
Intragastric Balloons
Intragastric balloons are endoscopically 
placed air-, helium-, or fluid-filled silicone 
balloons that sit in the stomach and occupy 
space that could otherwise be filled by food. 
The FDA currently requires that these bal-
loons be removed 6 months after implan-
tation (U.S. FDA, 2015a). Failure to do so 
could potentially increase the chance of bal-
loon deflation, which could lead to compli-
cations such as device migration and bowel 
obstruction (Öztürk, Akinci, & Kurt, 2010).

Some balloons consist of a single spheri-
cal or ovular shape (Figure 33.3a), whereas 
others consist of two connected spheres (Fig-
ure 33.3b). The single balloons are typically 
500–750 ml (range: 250–950 ml) in size. 
The only dual balloon on the market (the 
ReShape Integrated Dual Balloon System) 
consists of two connected 450-ml balloons. 
Most balloons are placed endoscopically 
under light sedation, whereas others are 
swallowed (along with an attached inflation 
catheter) as a pill (e.g., Obalon, Elipse, Ul-
lorex). Of these, the Obalon system is ap-
proved for placement of up to three balloons 
simultaneously. Another balloon system 
(Spatz3) includes a retractable inflation tube 
that allows for balloon volume adjustments 
after initial placement and is being investi-
gated for removal 12 months after implanta-
tion. Whereas most balloons require endo-
scopic removal after completion of therapy, 
the Elipse balloon contains a self-releasing 
valve that can be set to open at a predeter-
mined endpoint, thereby emptying the bal-
loon and allowing it to be excreted from the 
body.

Studies have found intragastric balloons to 
be safe and effective in the short term. Typi-
cal complications include nausea, vomiting, 
and stomach pain that resolve within 72 
hours. More serious adverse events include 
balloon migration and bowel perforation due 
to the break and distal passage of a balloon’s 
safety ring, which can be life-threatening 
(Al-Zubaidi, Alghamdi, Alzobydi, Dhiloon, 
& Qureshi, 2015; Öztürk, Yavuz, & Atalay, 
2015). In most studies, percent excess weight 
loss (% EWL) at the time of device removal 
ranges from 30 to 50% (Genco et al., 2015; 
Lopez-Nava, Bautista-Castaño, Jimenez-

Baños, & Fernandez-Corbelle, 2015; Ponce, 
Quebbemann, & Patterson, 2013). How-
ever, few studies have performed long-term 
follow-up after balloon removal, and there 
are reports of weight regain following the re-
moval (Kotzampassi, Grosomanidis, Papak-
ostas, Penna, & Eleftheriadis, 2012).

The three intragastric balloons currently 
approved by the FDA for the treatment of 
obesity are the ORBERA balloon (P140008, 
approved August 5, 2015), the ReShape Dual 
Balloon system (P140012, approved July 28, 
2015), and the Obalon balloon (P160001, 
approved September 8, 2016) (U.S. FDA, 
2015a, 2016a).

ORBERA Intragastric Balloon System 
(FDA Status: Approved)

The ORBERA Intragastric Balloon System 
(Apollo EndoSurgery, Austin, Texas), for-
merly known as the BioEnterics Intragastric 
Balloon (BIB), is a spherical silicone balloon 
that is placed endoscopically in the gastric 
fundus and inflated using 500–750 ml of sa-
line (Kumar, 2015). The ORBERA balloon 
was studied in a meta-analysis of 3,608 pa-
tients. The median % EWL upon removal 
of the device 6 months after implantation 
was 32.1 (95% confidence interval [CI] 
26.9–37.4), and the median percent total 
body weight loss (% TWL) was 12.2 (95% 
CI 10–14.3). Four percent (4.2%) of the pa-
tients required early removal, 0.8% reported 
adverse events (nausea, vomiting, and bowel 
obstruction), and 0.1% reported gastric per-
forations (Imaz, Martínez-Cervell, García-
Álvarez, Sendra-Gutiérrez, & González-
Enríquez, 2008).

The FDA approved the ORBERA balloon 
in August 2015 after the pivotal multicenter 
randomized IB-005 trial, which compared 
treatment with the ORBERA balloon for 6 
months against lifestyle intervention alone 
(A Study of BioEnterics® Intragastric Bal-
loon [BIB®]) System to Assist in the Weight 
Management of Obese Subjects; ClinicalTri-
als.gov identifier: NCT00730327; N = 448 
enrolled). Upon device removal at 6 months, 
patients in the balloon group achieved a sig-
nificantly greater EWL than controls (29.6 
± 20.2% vs. 9.5 ± 14.4%) and a greater % 
TWL (10.2 ± 6.6% vs. 3.3 ± 5.0%). Six 
months after device removal, EWL and 
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TWL had decreased to 22.1 ± 22.5% and 
7.6 ± 7.5%, respectively. Of the 125 patients 
in the balloon arm, 10% experienced serious 
adverse events, and 18.8% required early re-
moval due to device intolerance or adverse 
events (U.S. FDA, 2015b).

One study evaluated the long-term effects 
of ORBERA. One hundred and twenty-two 
patients completed 5 years of follow-up. 

Among these patients, mean EWL was 58 ± 
19% upon removal at 6 months, 39 ± 14% 
1 year after removal, 25 ± 8% 2 years after 
removal, and 17 ± 8% at 5 years follow-up. 
Mean TWL was 30 ± 9 kg upon removal, 
21 ± 8 kg 1 year after removal, 14 ± 7 kg 
2 years after removal, and 9 ± 6 kg 5 years 
after removal (Kotzampassi et al., 2012; 
TWL was not given as a percent). To contex-

FIGURE 33.3. Visual representations of selected intragastric space-occupying devices for the treatment 
of obesity.
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tualize the efficacy of this system, we com-
pared the 5-year weight loss outcomes of the 
ORBERA balloon against outcome data for 
Roux-en-Y gastric bypass (RYGB), the cur-
rent gold standard in weight loss surgery, as 
depicted in Figure 33.4 (Obeid et al., 2016).

Some investigators have tried treatment 
via successive or extended balloon place-
ments. The initial study evaluating the use 
of successive balloons placed a second bal-
loon in 19 patients (16% of participants in 
a prospective, nonrandomized multicenter 
study) at the patients’ own requests. The re-
sults showed a significant reduction in the 
effectiveness of the second consecutive bal-
loon and no weight loss effect from subse-
quent balloon placements (Dumonceau et 
al., 2010). After removal of the first balloon 
(n = 19), EWL (mean, interquartile range 
[IQR]) was 49 (27–61) % and TWL (mean, 
IQR in kg) was 15 (12–23) kg. After removal 

of the second balloon, EWL dropped to 30 
(2.4–42) and TWL to 9.0 (1.0–13) kg. At 
final follow-up, there was no significant dif-
ference between the single and repeat treat-
ment groups.

In contrast, a subsequent prospective ran-
domized study (N = 100) revealed signifi-
cantly greater weight loss among patients 
randomized to balloon removal at 6 months 
followed by a subsequent 6-month balloon 
placement 1 month thereafter (51.9 ± 24.6 
% EWL), compared to patients random-
ized to balloon removal at 6 months fol-
lowed by 7 months of diet therapy (25.1 ± 
26.2 % EWL; Genco et al., 2010). Another 
study that followed patients with balloons 
left in place for longer than 6 months sug-
gested a nonsignificant trend toward con-
tinued weight loss until the 14-month mark 
(Genco et al., 2015). Consistent with these 
findings, the FDA has not yet approved the 
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ORBERA for use in successive implanta-
tions or for implantations lasting longer 
than 6 months.

The ORBERA is the best-studied intra-
gastric balloon and has been evaluated in 
the context of super-super obesity (BMI ≥ 
60 kg/m2; Zerrweck et al., 2012), metabolic 
effects (Forlano et al., 2010), dietary coun-
seling (Tai et al., 2013), and mental health 
(Deliopoulou, Konsta, Penna, Papakostas, 
& Kotzampassi, 2013).

ReShape Dual Balloon System (FDA 
Status: Approved)

The ReShape Dual Balloon System (Re-
Shape Medical, San Clemente, California) 
balloon consists of two closely attached, in-
dependently filled balloons that hold a com-
bined 900 ml of saline (Figure 33.3b). The 
purpose of the dual design is to prevent mi-
gration if one balloon deflates. The ReShape 
Integrated Dual Balloon System was evalu-
ated in the pivotal FDA REDUCE trial (A 
Prospective, Randomized Multicenter Study 
to Evaluate the Safety and Efficacy of the 
ReShape Duo Intragastric Balloon System in 
Obese Subjects; ClinicalTrials.gov identifier: 
NCT01673698; N = 326 enrolled). Upon 
balloon removal, 24 weeks after insertion, 
mean EWL was 27.9 ± 21.3 and TWL was 
7.6 ± 5.5 (n = 167). Twenty-four weeks after 
removal (n = 136), the mean EWL dropped 
to 18.8% (Ponce et al., 2015; SD and TWL 
not given). Gastric ulceration was observed 
in approximately 35% of patients, which is 
higher than the approximately 0.1% rate of 
ulceration in ORBERA patients (Imaz et al., 
2008). However, a modification was made 
to the ReShape Duo device during the trial, 
and the postmodification ulceration rate 
was 10% (Ponce et al., 2015).

A smaller controlled European study of 
30 patients randomized 21 patients to Re-
Shape Dual Balloon therapy for 24 weeks. 
The mean EWL and TWL (range, SD not 
given) upon balloon removal were 31.8% 
and 8.4%, respectively. At 48 weeks (24 
weeks after device removal), the balloon 
group (n = 20) maintained 64% of their 
excess weight loss (Abu-Dayyeh, Sarmien-
to, Rajan, Vázquez-Sequeiros, & Gostout, 
2014; Ponce et al., 2013).

Obalon Balloon System  
(FDA Status: Approved)

The Obalon Balloon System (Obalon Thera-
peutics, Carlsbad, California) consists of a 
swallowable capsule containing a collapsed, 
radio-opaque balloon attached to a thin in-
flation catheter. Using the catheter, the bal-
loon is inflated with gas to its 250-ml capac-
ity once the capsule has been swallowed and 
its position has been confirmed radiographi-
cally. This system is approved for placement 
of up to three balloons for up to 6 months, 
at which point the balloons must be deflated 
and removed endoscopically.

The Obalon System was evaluated in the 
pivotal SMART (Six Month Adjunctive 
Weight Reduction Therapy; ClinicalTrials.
gov identifier: NCT02235870) prospective 
double-blinded randomized multicenter 
trial, which compared placement of up to 
three Obalon balloons with sham capsules 
(N = 430). At balloon removal (24 weeks 
after insertion), mean ± SD % EWL was 
24.1 ± 19.2 and % TWL was 6.6 ± 5.1 for 
patients in the treatment arm (n = 198). How-
ever, 24 weeks after removal, patients who 
had lost weight at the 24-week endpoint had 
regained 3.2 ± 14.9 % EWL, or 0.9 ± 4.1 % 
TWL (n = 171). Eight percent of patients (n = 
32/419) failed to swallow any capsules. Only 
one serious device- or procedure-related ad-
verse event was reported (ulceration and 
gastrointestinal [GI] bleeding). One balloon 
(0.1% of 985) was found to be deflated dur-
ing retrieval, but it had not migrated beyond 
the pylorus (U.S. FDA, 2016b).

Ellipse Intragastric Balloon System  
(FDA Status: Not Approved,  
Clinical Trial Underway)

The Elipse Intragastric Balloon System (Al-
lurion Technologies, Wellesley, Massachu-
setts) is a collapsed balloon encased in a 
degradable capsule attached to a long, thin, 
removable delivery catheter. After the cap-
sule has been swallowed and the balloon is 
located in the stomach, the catheter is used 
to fill the balloon with saline to its 550 ml 
capacity. The Elipse contains a self-releasing 
valve that opens at a preset time point, emp-
tying the balloon and allowing it to be ex-
creted from the body.
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A recent abstract reported on a prospective 
multicenter study of 34 patients who had an 
Elipse balloon in place for 4 months. All pa-
tients were able to swallow the capsules, and 
all balloons were excreted at the 4-month 
mark, at which time patients were found to 
have achieved 37.2 % EWL and 9.5 % TWL 
(SD not reported). Ninety-three percent of 
the weight loss was maintained at 6-month 
follow-up (Chuttani et al., 2016). The Elipse 
balloon is now also undergoing a random-
ized, multicenter ENLIGHTEN clinical trial 
(a Randomized, Multi-Center, Phased, Piv-
otal Safety and Efficacy Study Comparing 
the Elipse™ Gastric Balloon System vs. Sham 
for the Treatment of Obese Adults; Clinical-
Trials.gov identifier: NCT03261453).

Other Space‑Occupying Devices
TransPyloric Shuttle (FDA Status: Not Approved)

The TransPyloric Shuttle (BAROnova, Go-
leta, California) is an endoluminally deliv-
ered, dumbbell-shaped device consisting of 
a large silicone sphere connected by a flex-
ible catheter to a smaller cylindrical sphere 
(Figure 33.3c). The smaller sphere enters the 
duodenal bulb with peristalsis, which pulls 
the larger sphere to the pylorus and intermit-
tently occludes the pylorus, delaying gastric 
emptying. One trial enrolled 20 patients and 
reported a 6-month (n = 10) mean % EWL 
of 41.0 ± 21.1 and % TWL of 14.5 ± 5.8, 
with two patients requiring early removal 
due to persistent gastric ulceration (Marinos, 
Eliades, Raman Muthusamy, & Greenway, 
2014). The TransPyloric Shuttle is undergo-
ing investigation in the ongoing randomized 
sham-controlled multicenter ENDObesity II 
trial (ENDObesity® II Study: TransPyloric 
Shuttle® System for Weight Loss; Clinical-
Trials.gov identifier: NCT02518685).

Full Sense Device (FDA Status: Not Approved)

The Full Sense (Baker, Foote, Kemmeter, 
Walburn LLC, Grand Rapids, Michigan) 
device is a covered metal stent that is endo-
scopically placed across the gastroesopha-
geal junction (Figure 33.3d). Theoretically, 
it induces satiety and fullness by placing 
pressure on the distal esophagus and gastric 

cardia. It has not been studied in a published 
clinical trial (Abu-Dayyeh et al., 2014; 
ASGE/ASMBS Task Force on Endoscopic 
Therapy, 2011).

SatiSphere (FDA Status: Not Approved, Trial 
Terminated Due to Safety Concerns)

The SatiSphere (EndoSphere, Columbus, 
Ohio) consists of a wire that runs through 
several mesh spheres that sit in the lumen 
of the distal stomach and duodenum in a 
“string-of-pearls” configuration (Figure 
33.3e). It is designed to slow the transit of 
food. One study that evaluated 21 SatiSphere 
patients was prematurely terminated due to 
high migration rates; the device migrated in 
10 patients, requiring two laparoscopic op-
erations (Sauer et al., 2013).

Restrictive Procedures
Endoscopic Sleeve Gastroplasty
With this procedure, the Apollo OverStitch 
(Apollo EndoSurgery, Austin, Texas) is used 
to place full-thickness stitches in a man-
ner designed to mimic sleeve gastrectomy. 
Closely spaced sutures are placed through 
the gastric wall from the prepyloric antrum 
to the gastroesophageal (GE) junction, effec-
tively isolating a tubular lumen from the rest 
of the stomach volume (Abu Dayyeh, Rajan, 
& Gostout, 2013). The OverStitch is an 
FDA-approved endoscopic suturing device.

The largest published study (N = 20) re-
ported a 6-month mean % EWL of 53.9 ± 
26.3 and % TWL of 17.8 ± 7.5, with very 
few complications (Lopez-Nava, Galvão, da 
Bautista-Castaño, et al., 2015). A subsequent 
abstract from the same researchers reported 
on a multicenter study of 242 patients, in 
which the mean % TWL was 16.8 ± 6.4, 
18.2 ± 10.1, and 19.8 ± 11.6 at 6, 12, and 
18 months postprocedure, respectively (n = 
137, 53, and 30, respectively). Five patients 
experienced serious complications, includ-
ing two perigastric fluid collections requir-
ing antibiotics and percutaneous drainage, 
a splenic laceration resulting in self-limited 
bleeding, a pulmonary embolus, and a pneu-
moperitoneum and pneumothorax requiring 
chest-tube placement (Lopez-Nava et al., 
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2016). This procedure is being evaluated in 
the United States in the multicenter PROM-
ISE trial (Primary Obesity Multicenter Inci-
sionless Suturing Evaluation: The PROM-
ISE Trial; ClinicalTrials.gov identifier: 
NCT01662024). Unpublished trial results 
reported on the trial website for the 15 sub-
jects completing the study indicate that 12 
months following the procedure, the mean 
% EWL was 70.8 (range 62.8–78.8) and the 
mean % TWL was 18.1 (range 15.8–20.4).

Primary Obesity Surgery Endoluminal
The Incisionless Operating Platform (USGI 
Medical, San Clemente, California) is used 
to create 8–10 full-thickness tissue plications 
in the gastric fundus, in two parallel ridges, 
until the fundic apex is brought down to the 
level of the GE junction (Kumar, 2015; Ma-
thus-Vliegen, 2014). The largest study of this 
technique enrolled 147 patients and reported 
a 1 year (n = 116) mean % EWL of 44.9 ± 
24.4 and % TWL of 15.1 ± 7.8, with very 
few complications (Lopez-Nava, Bautista-
Castaño, Jimenez, de Grado, & Fernandez-
Corbelle, 2015). This procedure was evalu-
ated in the United States in the large (N = 
377 enrolled) randomized sham-controlled 
multicenter ESSENTIAL trial (A Random-
ized, Subject and Evaluator-Blinded, Paral-
lel-Group, Multicenter Clinical Trial Using 
an Endoscopic Suturing Device (G-Cath 
EZ™ Suture Anchor Delivery Catheter) For 
Primary Weight Loss; ClinicTrials.gov iden-
tifier: NCT01958385). Ultimately, 332 sub-
jects were randomized to the active (n = 221) 
and sham (n = 111) groups, with the active 
group achieving a mean %TWL of 4.95 ± 
7.04 at 12 months compared to 1.38 ± 5.58 
in the sham group (p = 0.2256). While there 
was no significant difference between the 
two groups for this primary endpoint, the 
active group did have a significantly high-
er %EWL at 6 and 12 months of 22.3 and 
16.0, respectively (SD not given), compared 
to 13.6 and 4.19 for the sham group. More-
over, a subgroup analysis revealed a not-
significant higher rate of resolution or im-
provement in diabetes in 56.25% of diabetic 
patients in the active group (n = 9/15) com-
pared to 10.00% of diabetic patients in the 
sham group (n = 1/10) (Sullivan et al., 2017)

Endoscopic Gastroplasty
This procedure uses the EndoCinch Sutur-
ing System (Davol/C.R.Bard, Warwick, 
Rhode Island), a vacuum-based, superficial 
thickness suturing system, to perform an 
endoluminal vertical gastroplasty. The larg-
est study enrolled 64 patients and reported a 
1-year (N = 59) mean % EWL of 58.1 ± 19.9, 
with no serious adverse events (TWL data 
not given; Fogel, De Fogel, Bonilla, & De La 
Fuente, 2008).

An updated version of the EndoCinch is 
capable of full-thickness tissue suturing and 
is called the RESTORe Suturing System 
(Davol/C.R.Bard, Warwick, Rhode Island). 
It was evaluated in one study that enrolled 
18 patients and reported a 1-year (n = 14) 
mean % EWL of 27.7 ± 21.9 and TWL of 
11 ± 10 kg. However, this study also iden-
tified lack of durability in the suture plica-
tions, with 83.3% of patients found to have 
partial or full plication release at 1 month 
postendoscopy (Brethauer, Chand, Schauer, 
& Thompson, 2012). It is currently unclear 
to what extent this technology is being fur-
ther developed.

Transoral Gastroplasty
This procedure uses the transoral gastropla-
sy (TOGA) system (Satiety Inc., Palo Alto, 
California), a vacuum-based device that em-
ploys suction to gather and staple full-thick-
ness bites of gastric tissue to create a sleeve 
along the lesser curvature of the stomach in 
a manner similar to surgical vertical band-
ed gastroplasty (Abu-Dayyeh et al., 2014; 
Kumar, 2015). The largest published multi-
center study enrolled 67 patients and report-
ed a 1-year (n = 53) mean % EWL of 38.7 ± 
17.1 and TWL of 19.5 ± 9.2 kg, with serious 
adverse events in two cases. Notably, 25 pa-
tients were found to have gaps in the staple 
line on endoscopy at 12 months follow-up 
(Familiari et al., 2011). This procedure is 
being evaluated in the United States in a ran-
domized sham-controlled multicenter trial 
(Transoral Gastroplasty for the Treatment 
of Morbid Obesity [TOGA]; ClinicalTrials.
gov identifier: NCT00661245). Currently, it 
is unclear whether this technology is being 
further developed.
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Articulating Circular Endoscopic Stapling
The articulating circular endoscopic (ACE) 
stapler (Boston Scientific Corporation, 
Natick, Massachusetts) is an endoscopic sta-
pler with a head capable of 360-degree rota-
tion and complete retroflexion. It has been 
used to create eight plications in the fundus, 
which reduces gastric volume. Additionally, 
two plications are made in the antrum in 
order to delay gastric emptying. One study 
that evaluated use of the ACE stapler en-
rolled 17 patients and found a 1-year (N = 
15) median (IQR) EWL of 34.9 (17.8–46.6) 
and a median TWL of 15.3% (IQR not 
given) with an acceptable safety profile (Ver-
laan et al., 2015). There were no issues of 
plication durability.

Bypass Sleeves
Duodenal–Jejunal Bypass Liner
The duodenal–jejunal bypass liner (DJBL) 
involves the implantation of the EndoBarrier 
(GI Dynamics, Lexington, Massachusetts), 
a 60-cm Teflon sleeve, for 6–12 months. 
The sleeve is implanted into the duodenal 
bulb and then extends 60 cm into the small 
bowel, allowing food to bypass the duode-
num and proximal jejunum (Figure 33.5a). 

Pancreaticobiliary secretions move along the 
outside of the device to the jejunum (Abu-
Dayyeh et al., 2014; Kumar, 2015).

The largest completed randomized con-
trolled multicenter trial enrolled 77 patients 
and reported a mean (IQR) EWL of 32.0 
(22.0–46.7) and TWL of 10.0 (6.8–12.3) 
upon removal of the device at 6 months (n = 
33). The mean (IQR) EWL was 19.8 (10.6–
45.0) and TWL was 5.8 (2.8–11.1) 6 months 
after device removal (n = 31; Koehestanie 
et al., 2014). More recently, a 195-patient 
cohort study in which 185 patients suc-
cessfully underwent implantation reported 
a mean ± SD EWL of 46.3% (± 31.1) and 
TWL of 11.9% (± 6.9) at the time of de-
vice removal at 12 months. Notably, 17% 
of patients experienced significant adverse 
events, and 31% of patients required early 
explantation due to either adverse events or 
inability to tolerate the device (Betzel et al., 
2017). Due to a high incidence of hepatic 
abscesses (four cases discovered among 325 
subjects) observed in the EndoBarrier pivot-
al trial (Safety and Efficacy of EndoBarrier 
in Subjects with Type 2 Diabetes Who Are 
Obese (ENDO); ClinicalTrials.gov identi-
fier: NCT01728116), the trial was prema-
turely terminated (GI Dynamics, n.d.-a). 
Nevertheless, after reviewing the safety and 
efficacy data and preparing a revised clinical 

FIGURE 33.5. Visual representation of two bypass liner devices. Whereas the EndoBarrier (A) bypass-
es the duodenum and proximal jejunum, the ValenTx system (B) is anchored at the gastroesophageal 
junction and allows food to also bypass the stomach.

A. Duodenal–jejunal
Bypass Liner

B. Gastro–duodenal–jejunal
Bypass Liner
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algorithm, GI Dynamics plans to continue 
pursuing FDA approval for the EndoBarrier 
device (GI Dynamics, n.d.-b).

Gastro–Duodeno–Jejunal Bypass Liner
The gastro–duodeno–jejunal bypass liner 
ValenTx (ValenTx, Maple Grove, Minneso-
ta) is a 120-cm fluoropolymer sleeve that re-
quires both endoscopic and laparoscopic im-
plantation. It is laparoscopically anchored at 
the gastroesophageal junction, from which 
it extends 120 cm into the small intestine, 
allowing food to bypass the stomach, duo-
denum, and proximal jejunum (Abu-Dayyeh 
et al., 2014, Figure X.5b). It thus seeks to 
recreate the restrictive and malabsorptive 
aspects of post-RYGB physiology. The only 
study of this device to publish 1-year weight 
loss data (N = 10) reported 35.9% EWL 
(range, SD, and TWL not given; Sandler et 
al., 2015). At the time of this writing, the 
device was not FDA approved.

Aspiration Therapy

The distinctive feature of aspiration therapy 
is the insertion of a gastrostomy tube, known 
as the A-tube, into the patient’s stomach. 
The patient then uses this tube to evacuate 
30% of each meal that he or she consumes 
20 minutes after consumption. Currently, 
the AspireAssist device (Aspire Bariatrics, 
King of Prussia, Pennsylvania) is the only 
FDA-approved device for this procedure.

An initial study (N = 22) reported a mean 
% EWL of 40.8 ± 19.8 (range 9.7–77.2%) 
and % TWL of 14.8 ± 6.3 (range 2.8–26.7%) 
after 6 months’ use (Forssell & Norén, 
2014). Following a pivotal 52-week random-
ized controlled multicenter PATHWAY trial 
(N = 171), this device was approved by the 
FDA (P150024) on June 14, 2016 for use in 
patients with a BMI of 35–55 kg/m2 (Chiang 
& Ryou, 2016; Thompson et al., 2016; U.S. 
FDA, 2016a). Exclusion criteria for the trial 
included preexisting eating disorders such as 
bulimia nervosa, night eating disorder, and 
binge-eating disorder. Patients who under-
went aspiration therapy and lifestyle coun-
seling (n = 111) had a 31.5 ± 26.7% EWL 
and 12.1% TWL at 52 weeks, compared to 
9.8 ± 15.5 % EWL in those receiving life-

style counseling alone. Although there was 
a 3.6% (95% CI 0.1%–7.1%) rate of seri-
ous adverse events (including peritonitis and 
gastric ulceration), no patients were found 
to have developed an eating disorder at 52 
weeks.

Electrical Stimulation
Gastric Stimulation
Acute retrograde gastric electrical stimula-
tion (RGES) is a process in which electrodes 
are endoscopically placed in the stomach in 
order to simulate satiety (Zhang, Du, Fang, 
Yao, & Chen, 2014). One study (N = 16) 
found a significantly reduced caloric intake 
among patients who received this treatment, 
but did not examine weight loss as an out-
come (Behary & Kumbhari, 2015).

The use of low-amplitude, high-frequency 
stimulation to induce vagal blockade has also 
been shown to promote satiety and support 
weight loss (Štimac, Klobučar Majanović, 
& Ličina, 2016). Both of these methods use 
devices (Enterra System, abiliti system; En-
teromedics Maestro Rechargeable System, 
etc.) that require open or laparoscopic sur-
gery for implantation. However, attempts to 
develop endoscopically implantable gastric 
electrodes or vagal pacing leads are current-
ly underway (Abu-Dayyeh et al., 2014). At 
the time of this writing, no endoscopically 
implantable gastric stimulation devices were 
FDA approved for the treatment of obesity.

Deep Brain Stimulation
Beyond focusing on peripheral neuromus-
cular targets, other researchers are investi-
gating the role of modulating central hun-
ger and reward pathways using deep brain 
stimulation (DBS; Ho et al., 2015). Potential 
target areas identified via human neuroim-
aging and animal models include the lateral 
hypothalamus and ventromedial hypothala-
mus—known to regulate feeding and sati-
ety, respectively—as well as the nucleus ac-
cumbens within the mesolimbic dopamine 
reward pathways. Weight loss and changes 
in feeding behavior and resting metabolism 
have been observed in early animal and 
human studies of DBS, yet much further 
research is needed to validate this approach 
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(Whiting et al., 2013). Nevertheless, DBS 
remains an exciting new avenue of inquiry 
into the mechanisms of and treatments for 
aberrant neurological activity that may un-
derlie refractory obesity (Halpern et al., 
2013). Initial human studies will likely in-
volve patients who have been unable to lose 
weight using gold-standard definitive bariat-
ric approaches.

Other Therapies
Magnetic Compression Anastomoses
The incisionless anastomotic system (IAS; 
GI Windows, West Bridgewater, Massa-
chusetts) uses pairs of self-assembling, hex-
agonal magnets placed endoscopically that 
create magnetic compression anastomoses 
upon coupling (e.g., gastrojejunostomies, 
gastroileostomies, jejunoileostomies; Figure 
33.6). This results in a dual-path enteral 
anatomy that can bypass absorptive capacity 
for bariatric purposes or circumvent gastro-
intestinal obstructions (Kumar, 2015; Ryou 
et al., 2011). Beyond bypass, another theory 
behind this technology’s applicability to the 
treatment of obesity is that nutrient delivery 
to the distal small bowel will induce an ileal 
brake phenomenon, which will decrease 
food intake (ASGE Bariatric Endoscopy 
Task Force, et al., 2015a).

Porcine studies using endoscopy, simulta-
neous endoscopy/colonoscopy, and simulta-
neous endoscopy and open surgery to deploy 
the self-assembling magnets have demon-
strated consistently successful creation of 
leak-free enteroenteric anastomoses (gas-

trojejunostomies, jejunocolostomies, and 
jejunoileostomies, respectively) within 10 
days (Ryou et al., 2011; Ryou, Agoston, & 
Thompson, 2016; Ryou, Aihara, & Thomp-
son, 2016). In two of these studies, magnets 
were spontaneously expulsed within 12 
days, and a subsequent 3-month follow-up 
revealed widely patent anastomoses and no 
significant formation of intraabdominal ad-
hesions (Ryou, Agoston, et al., 2016; Ryou, 
Aihara, et al., 2016). Most notably, in one 
study, the five pigs that underwent jejuno-
colonic bypass had experienced significant 
weight loss compared to controls (mean 
weight at 3 months = 45 kg vs. 78 kg, re-
spectively; Ryou, Agoston, et al., 2016).

More recent human feasibility stud-
ies using IAS placed under simultaneous 
enteroscopy and colonoscopy (using en-
doscopic and fluoroscopic guidance with 
laparoscopic assistance as needed) to cre-
ate jejunoilesostomies in 10 patients simi-
larly found that leak-free anastomoses were 
formed within approximately 1 week. All 
magnets were painlessly excreted within 
23 days of placement without obstruction. 
Anastomoses were found to be patent dur-
ing 2- and 6-month follow-up endoscopies. 
At 6 months, patients had a mean EWL of 
28.3% and a mean TWL of 10.6%, with a 
trend toward normalization of HbA1C and 
serum glucose in diabetic and pre-diabetic 
patients (Machytka, Buzga, Lautz, et al., 
2016; Machytka, Buzga, Ryou, Lautz, & 
Thompson, 2016). At the time of this writ-
ing, neither this approach nor the two oth-
ers discussed in this section were FDA ap-
proved.

FIGURE 33.6. The GI Windows’ incisionless anastomotic system (IAS) works via the coupling of pairs 
of endoscopically deployed, self-assembling magnets (A, B) to create a compression anastomosis that 
bypasses a portion of the GI tract (C).
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Duodenal Mucosal Resurfacing
Revita duodenal mucosal resurfacing (DMR; 
Fractyl Laboratories, Lexington, Massa-
chusetts) uses superficial mucosal thermal 
ablation to reset diseased duodenal entero-
endocrine cells and restore crucial signaling 
pathways. It accomplishes thermal ablation 
either through the use of radiofrequency 
(ASGE Bariatric Endoscopy Task Force, 
ASGE Technology Committee, Abu Dayyeh, 
Edmundowicz, et al., 2015) or through the 
use of a recirculating hot-water-filled bal-
loon (Kumbhari, Oberbach, & Nimga-
onkar, 2015). A recently published trial 
reported on 39 diabetic patients (HbA1C > 
7.5% on at least one antidiabetic medica-
tion) who underwent DMR (Rajagopalan 
et al., 2016). The patients, who had a mean 
baseline HbA1C of 9.6 ± 1.4% and a mean 
baseline BMI of 30.8 ± 3.5 kg/m2, achieved 
as much as a 2.5% reduction in HbA1C at 
3 months when undergoing long-segment 
treatment. Although the study focused pri-
marily on glycemic metrics, the investigators 
noted a reported weight loss of 3.9 ± 0.5 kg 
at 3 months and 2.5 ± 0.1 kg at 6 months 
(% EWL and % TWL not reported; Chiang 
& Ryou, 2016b; Rajagopalan et al., 2016). 
Further targeted study is needed to under-
stand the utility of this modality for primary 
weight loss outcomes.

Intragastric Botulinum Toxin Injections
This procedure involves the injection of bot-
ulinum toxin-A into the gastric antrum and/
or fundus. By inhibiting the release of acetyl-
choline at the neuromuscular junction, the 
injection leads to local paralysis of the gas-
tric muscle, which is thought to inhibit antral 
motility and delay gastric emptying (Štimac 
et al., 2016). Treatment effects typically last 
3–6 months (Kumbhari et al., 2015). A me-
ta-analysis including 115 patients performed 
pre- and postintervention comparisons that 
showed significant decrease in body weight 
after the injection of botulinum toxin A; 
moreover, patients treated with botulinum 
toxon-A had significantly greater decrease in 
body weight compared to patients injected 
with placebo. The meta-analysis did not re-
port the percent of body weight lost (Bang 
et al., 2015).

Summary

Over the last few years, there has been a 
massive expansion in the number and vari-
ety of nonsurgical interventional modalities 
for the treatment of obesity. We described 
17 devices in detail, four of which have 
been approved by the FDA for the treat-
ment of obesity within the last 2 years (the 
ORBERA, Reshape, and Obalon intragas-
tric balloons and the AspireAssist aspiration 
therapy system; U.S. FDA, 2015a, 2016) and 
at least three of which are currently under-
going active pivotal clinical trials. All three 
balloons present similar prospects for suc-
cess, with relatively high safety profiles and, 
in the case of Obalon, with the benefit of not 
requiring procedural placement. However, it 
should be noted that the FDA released an 
alert in August 2017 when it began inves-
tigating five deaths occurring within one 
month of liquid-filled balloon placement 
(U.S. FDA, 2017). With encouraging initial 
data, postapproval studies for the newly ap-
proved AspireAssist will look particularly at 
long-term outcomes related to gastrostomy 
site complications and disordered eating be-
haviors (U.S. FDA, 2016).

The involvement of the American So-
ciety for Metabolic and Bariatric Surgery 
(ASMBS) and the American Society for 
Gastrointestinal Endoscopy (ASGE) will be 
critical in directing the clinical development 
of these new technologies and treatment ap-
proaches. The ASMBS and the ASGE have 
jointly defined minimum thresholds to be 
met for a new, primary endoscopic treat-
ment of obesity to be considered appropri-
ate for incorporation into clinical practice. 
These thresholds include a minimum of 
25% EWL at the 12-month timemark in pa-
tients with a BMI ≥ 35 kg/m2, as well as a 
maximum 5% risk of serious adverse events 
(ASGE/ASMBS Task Force on Endoscopic 
Therapy, 2011; ASGE Bariatric Endoscopy 
Task Force, ASGE Technology Committee, 
Abu Dayyeh, Kumar, et al., 2015). Our re-
view has suggested promising early results 
for the ORBERA balloon: 30–50% EWL 
upon device removal, with nausea, vomiting, 
and stomach pain as the most common com-
plications, and a serious adverse event rate 
of approximately 1%. This profile is in ac-
cordance with a recent meta-analysis, which 
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found that the ORBERA balloon meets the 
ASMBS/ASGE minimum threshold require-
ments (ASGE Bariatric Endoscopy Task 
Force, ASGE Technology Committee, Abu 
Dayyeh, Kumar, et al., 2015). Further, the 
12% TWL reported in the meta-analysis of 
the ORBERA balloon compares favorably 
to weight loss observed from pharmacologi-
cal treatment (Yanovski & Yanovski, 2014) 
and meets the recommendations set forth for 
adoption of endoscopic bariatric therapies 
in the ASMBS/ASGE white paper (ASGE/
ASMBS Task Force on Endoscopic Therapy, 
2011). The other nonsurgical interventional 
treatments are not established enough to 
warrant comparison to the ASMBS/ASGE 
thresholds.

Although these position statements pro-
vide important standards for the field, as 
new interventional treatments enter the mar-
ket, we must consider not only comparative 
safety and efficacy with respect to weight 
loss outcomes, but also the longitudinal 
cost-effectiveness of the course of treatment 
and the impact on weight-related medical 
comorbidities (Davis & Kroh, 2016). This 
consideration becomes even more important 
as less-invasive procedures and devices—
used as primary, bridge, or revision thera-
pies—play an increasing role in the chronic 
management of obesity across the spectrum 
of disease severity and along the course of 
patients’ lifespans (Chiang & Ryou, 2016b). 
One concerning feature of the intragas-
tric balloons and other reversible therapies 
is the evidence indicating that the weight 
loss effect of the balloon diminishes over 
time (Kotzampassi et al., 2012). Short-lived 
weight loss and/or need for repeated treat-
ment detract from the appeal of nonsurgical 
interventional treatments as a cost-effective 
alternative to bariatric procedures.

These considerations highlight the need 
for each of the endoscopic treatments of 
obesity to be offered as part of an individ-
ualized, comprehensive, multidisciplinary 
weight management program (ASGE/
ASMBS Task Force on Endoscopic Ther-
apy, 2011). Patients must be counseled on 
the expected outcomes, possible risks, and 
economic burden of the different therapies, 
and they should have regular contact with 
their physician and nutritionist throughout 
the course of their treatment (Davis & Kroh, 

2016). Behavior modification is an impor-
tant part of nonsurgical interventional treat-
ment and should be included as such.

Although nonsurgical interventions for 
obesity are still in the early stages of devel-
opment, recent findings show promise and 
suggest that this field will continue to ac-
tively evolve in the immediate future. Fur-
ther study is needed, focusing on long-term 
outcomes and cost-effectiveness. The next 
decade will challenge us to define the place 
that these approaches should occupy in the 
continuum of treatment as we aim to bridge 
gaps and increase access for patients with 
obesity. These novel approaches should not 
be viewed as a “quick fix” or a “magic bul-
let,” but rather as part of an all-encompass-
ing, multidisciplinary behavior modification 
program.
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APPENDIX 33.1. Detailed Outcomes of FDA‑Approved Nonsurgical Interventional 
Treatments Of Obesity
Study Outcomes

ORBERA Balloon

Imaz, Martínez-Cervell, 
García-Álvarez, Sendra-
Gutiérrez, & González-
Enríquez (2008)

N = 3,608
32.1% EWL, 12.2% TWL at balloon removal at 6 months
4.2% early balloon removal
2 deaths

U.S. Food and Drug 
Administration (2015)

N = 448
29.6% EWL, 10.2% TWL at ballon removal at 6 months
26.5% EWL, 9.1% TWL at 3 months postremoval
22.1% EWL, 7.6% TWL at 6 months postremoval
10% serious adverse effects
18.8% early balloon removal
zero deflations/migrations, ulcerations, or deaths

Kotzampassi, 
Grosomanidis, 
Papakostas, Penna, & 
Eleftheriadis (2012)

N = 122
58.1% EWL at removal at 6 months
57.9% EWL 6 months postremoval
39.2% EWL 12 months postremoval
25.1% EWL 24 months postremoval
17.1% EWL 60 months postremoval

Dumonceau et al. 
(2010)

N = 19
49.3% EWL upon first balloon removal at 6 months
18.2% additional EWL upon second balloon removal

Zerrweck et al. (2012) N = 60, BMI > 60kg/m2

11.2% EWL at removal at 6 months

ReShape Dual Balloon

Ponce et al. (2015) N = 326
27.9% EWL, 7.6% TBWL at removal (n = 167)
18.8% EWL 24 weeks after removal (TWL not given) (n = 136)
35% ulceration initially, 10% postmodification

Ponce, Quebbemann, & 
Patterson (2013)

N = 21
31.8% EWL, 8.4% TBWL at removal at 24 weeks
64% of EWL maintained 24 weeks postremoval
Zero deflations, migrations, or removals

Obalon Balloon

U.S. Food and Drug 
Administration (2016b)

N = 430
24.1% EWL, 6.6% TWL at balloon removal at 24 weeks
3.2% EWL, 0.9% TWL regained 24 weeks postremoval
8% failed to swallow capsuled (n = 32)
One balloon (0.1% of 985) found to be deflated but not migrated at retrieval

AspireAssist

Forssell & Norén 
(2014)

N = 22
40.8% EWL, 14.8% EWL after 6 months of usage

Thompson et al. (2016); 
U.S. Food and Drug 
Administration (2016a)

N = 171
31.5% EWL, 12.1% TWL at 52 weeks
3.6% serious adverse events (i.e., peritonitis, gastric ulceration)
No subjects found to develop eating disorder

Note. EWL, excess weight loss; TWL, total weight loss; BMI, body mass index.
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APPENDIX 33.2. Web Addresses for Images of and Information on Nonsurgical 
Interventional Treatments of Obesity
Device Link

ORBERA www.orbera.com

ReShape Dual Balloon https://reshapeready.com

Obalon www.obalon.com

Elipse http://allurion.com/the-elipse-gastric-balloon

TransPyloric Shuttle https://baronova.com/technology/baronova-products

Full Sense device www.bfkw.org

SatiSphere www.endosphereinc.com

Apollo OverStitch http://apolloendo.com/overstitch

Incisionless Operating Platform  
(used in POSE procedure)

http://usgimedical.com/eos/index.htm

RESTORe Suturing System Not available

TOGA system Not available

ACE stapler Not available

EndoBarrier www.endobarrier.com/physician/how-it-works

ValenTx gastro–duodeno–jejunal bypass liner 3 www.valentx.com/technology.php

AspireAssist www.aspirebariatrics.com/about-the-aspireassist

Incisionless Operating System  
(for magnetic compression anastomoses)

www.giwindows.com/main-pages/product

Revita www.fractyl.com/our-focus/#revita-dmr
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This chapter provides an overview of the 
current status of treatments for eating dis-
orders in persons with obesity. The pri-
mary focus is the literature regarding the 
treatment of binge-eating disorder (BED), 
a formal eating disorder strongly associated 
with obesity in epidemiological and clinical 
samples. Controlled treatment research has 
produced strong empirical support for the 
acute effectiveness and long-term durability 
of two specialist psychological treatments: 
cognitive-behavioral therapy (CBT) and in-
terpersonal psychotherapy (IPT). Treatment 
research has also produced empirical sup-
port for an additional specialist psychologi-
cal treatment, dialectical behavior therapy 
(DBT), for guided-self-help versions of CBT, 
and for behavioral weight loss treatments 
for BED. Controlled treatment research 
has also produced empirical support for the 
short-term effectiveness of specific medica-
tions and for specific combinations of phar-
macotherapy with either CBT or behavioral 
weight loss (BWL) approaches. This chapter 
addresses the implications of these findings 
about BED for informing clinical practice 
and future research, including emerging ap-
plications to patients who undergo bariatric 
surgery.

Eating Disorders and Obesity

Eating disorders and obesity represent two 
important public problems (i.e., psychiatric 
and medical diagnoses, respectively) associ-
ated with high rates of morbidity and mor-
tality. Eating disorders have a low preva-
lence rate that is generally thought to be 
relatively stable (Zachrisson, Vedul-Kjelsas, 
Gotestam, & Mykletun, 2008; Mohler-Kuo, 
Schnyder, Dermota, Wei, & Milos, 2016), 
whereas obesity shows a high and increas-
ing prevalence rate (Flegal, Carroll, Ogden, 
& Curtin, 2010). Certain forms of eating 
disorders and disordered eating show strong 
associations with obesity in epidemiologi-
cal studies both nationally (Hudson, Hiripi, 
Pope, & Kessler, 2007) and internationally 
(Kessler et al., 2013). Interestingly, despite 
the associations between obesity and eating 
disorders, the rising prevalence of obesity is 
not accompanied by a rise in eating disor-
ders (Zachrisson et al., 2008), although the 
comorbidity of eating disorders and obe-
sity appears to be increasing (Darby, Hay, 
Mond, Quirk, Buttner, & Kennedy, 2009).

BED, a new formal diagnosis in the fifth 
edition of the Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM-5; 
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American Psychiatric Association, 2013), 
is strongly associated with obesity and 
with elevated risk for psychiatric and medi-
cal comorbidities. BED is also associated 
with psychosocial problems, as determined 
in epidemiological studies (Hudson et al., 
2007; Kessler et al., 2013). BED is defined 
by recurrent binge eating (i.e., loss of con-
trol while eating large quantities of food), 
marked distress about the binge eating, and 
the absence of inappropriate weight compen-
satory behaviors such as purging or laxative 
misuse. BED differs from other eating disor-
ders and obesity (Allison, Grilo, Masheb, & 
Stunkard, 2006; Grilo, Crosby, et al., 2009). 
Research has consistently found that treat-
ment-seeking persons with both BED and 
obesity differ from their peers with obesity 
who do not have BED (Grilo et al., 2008). 
Given the profile of BED in persons with 
obesity, effective interventions would ideally 
address the following clinical targets: binge 
eating, eating disorder psychopathology, as-
sociated psychological distress (e.g., elevat-
ed depression levels), and obesity or excess 
weight. The emerging treatment literature 
reviewed in this chapter evolved, in large 
part, based on adaptations of treatments for 
bulimia nervosa and obesity. The literature 
has varied considerably in how comprehen-
sively it has considered the multidimensional 
needs of persons with both BED and obesity.

Psychological Treatments for BED

Two specific psychological “specialist” 
treatments—CBT and IPT—have received 
consistently strong empirical support. CBT, 
the most extensively studied approach, and 
IPT for BED are based on methods initially 
developed and empirically supported for the 
treatment of bulimia nervosa.

CBT
CBT for BED, based on cognitive-behavioral 
and restraint models of binge eating (Fair-
burn, Cooper, & Shafran, 2003; Fairburn, 
2008), focuses initially on normalizing 
and structuring eating patterns (i.e., regu-
lar routine of meals and snacks to decrease 
unhealthy dietary restriction and chaotic 
eating). CBT employs self-monitoring tech-

niques to identify external and internal trig-
gers for binge eating and teaches specific 
goal-setting and problem-solving techniques 
to prevent binge eating, all the while reestab-
lishing normalized eating. CBT then focuses 
on identifying and modifying maladaptive 
cognitions (i.e., to address the importance or 
“overvaluation” of shape/weight and other 
body image and psychological concerns) 
using cognitive restructuring and behavioral 
experiments.

CBT is a focused, short-term, manual-
ized intervention that is delivered in 12–24 
weeks, either individually or in small groups. 
It has consistently demonstrated effective-
ness relative to a variety of control and com-
parison conditions. Research has found that 
CBT reliably produces binge-eating absti-
nence in roughly 50–60% of patients with 
BED. CBT produces robust improvements 
in eating disorder psychopathology and as-
sociated psychological functioning, includ-
ing depression, but does not produce weight 
loss. CBT’s effects on binge eating and eat-
ing disorder pathology are consistently su-
perior to those for various controls, such 
as active treatment comparisons, including 
antidepressant medications (Grilo, Masheb, 
& Wilson, 2005) and BWL (Grilo, Masheb, 
Wilson, Gueorguieva, & White, 2011). 
However, CBT has not differed significantly 
from IPT (Wilfley et al., 2002). CBT out-
comes are durable, with studies reporting 
good maintenance (roughly 50% binge-
eating abstinence rates) through 12 months 
(Grilo et al., 2011; Grilo, Crosby, Wilson, & 
Masheb, 2012) and through 48 months (Hil-
bert et al., 2012) after finishing treatment. 
The longer-term outcomes for CBT are su-
perior to those for pharmacotherapy with 
antidepressants (Grilo, Crosby, et al., 2012; 
Ricca et al., 2001) and BWL (Grilo et al., 
2011) but not to IPT (Hilbert et al., 2012). 
Although on average CBT does not result 
in weight loss in patients with BED, binge 
abstinence is associated with weight loss 
(Grilo, Masheb, & Salant, 2005; Masheb, 
Dorflinger, Rolls, Mitchell, & Grilo, 2016). 
Long-term follow-up studies have reported 
stable weight (Hilbert et al., 2014), suggest-
ing that CBT may interrupt weight gain tra-
jectories and protect against future weight 
gain (Masheb, White, & Grilo, 2013).

A substantial body of research has found 
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that certain self-help formats of CBT for 
BED can be effective and scalable methods 
of treatment (Wilson & Zandberg, 2012). 
Unguided self-help (i.e., patient self-directed 
use of a self-care book containing the essen-
tials of CBT) and guided-self-help (i.e., fol-
lowing a self-care CBT-based book support-
ed and guided by a therapist in brief focused 
meetings) methods have received empirical 
support in a number of controlled trials 
(Peterson, Mitchell, Crow, Crosby, & Won-
derlich, 2009; Striegel-Moore et al., 2010). 
Research has generally favored guided over 
pure self-help (Wilson & Zandberg, 2012). 
Guided self-help has demonstrated “treat-
ment specificity” relative to active controls 
(Grilo & Masheb, 2005), and one study 
reported excellent durability of outcomes 
(roughly 60% abstinence from binge eat-
ing) through 24 months of follow-up (Wil-
son, Wilfley, Agras, & Bryson, 2010). These 
findings suggest that elements of CBT for 
BED can be effectively and broadly dissemi-
nated and may not be limited by the need for 
“specialist” CBT clinicians. This finding is 
important for a number of reasons: (1) The 
availability of “specialist” CBT clinicians is 
limited, (2) many patients with BED may not 
have the necessary financial resources to pay 
for specialized care, and (3) some persons 
with BED may prefer to work on the eating/
weight problems themselves or be unwilling 
to seek professional help. Research has dem-
onstrated that guided self-help CBT can be 
effectively delivered by generalist (i.e., non-
specialist) clinicians (Striegel-Moore et al., 
2010; Wilson et al., 2010) and can be cost-
effective in large health-care organizations 
(Lynch et al., 2010).

IPT
IPT for BED (Wilfley et al., 2002), based 
on interpersonal models of binge eating, 
evolved from IPT methods initially found to 
be effective for major depression and subse-
quently adapted for bulimia nervosa (BN). 
IPT focuses on helping patients in four pri-
mary domains: interpersonal deficits, role 
conflicts, role transitions, and loss/grief. IPT 
for BED focuses on helping patients to better 
tolerate and more effectively express feelings 
and to improve interpersonal relationships 

and psychosocial functioning. IPT generally 
does not target eating behaviors or pathology 
directly, nor does it utilize CBT techniques. 
It follows research findings that interperson-
al stressors and perceived psychosocial inef-
fectiveness result in using binge eating as a 
(maladaptive) coping method to regulate or 
suppress negative emotions or manage stress. 
Over time, continued binge eating results in 
greater distress and shame, contributes to 
worsening interpersonal function and social 
isolation, and produces weight gain.

IPT is a focused, short-term, manualized 
intervention that is generally delivered in 
16–24 weeks, either individually or in small 
groups. It has demonstrated short- and 
long-term outcomes that are generally com-
parable to CBT (Wilfley et al., 2002; Wil-
son et al., 2010). For example, IPT results 
in binge-eating abstinence rates of approxi-
mately 65%, along with robust improve-
ments in both eating disorder pathology and 
psychological functioning. IPT for BED has 
demonstrated strong maintenance and ex-
cellent durability of outcomes following the 
short-term intervention. For example, Wil-
son et al. (2010) reported a 65% binge-eat-
ing abstinence rate at a 24-month follow-up. 
A second study reported 54% binge-eating 
abstinence at a 12-month follow-up (Wilfley 
et al., 2002) and 77% at a 48-month follow-
up (Hilbert et al., 2012). The IPT longer-
term binge-eating outcomes do not differ 
from those reported for CBT (Hilbert et al., 
2012) but are superior to those reported for 
BWL (Wilson et al., 2010). Although IPT 
does not produce weight loss, follow-up 
studies suggest that both IPT and CBT may 
stabilize and prevent future weight gain in 
patients with BED.

DBT
Another psychological “specialist” treat-
ment, DBT, has received promising initial 
empirical support for treating BED. DBT for 
BED is a focused, manualized therapy ini-
tially developed and empirically supported 
for treating emotional and behavioral dys-
regulation problems (i.e., borderline person-
ality disorder, suicidality, substance abuse). 
It has produced promising outcomes in con-
trolled trials. DBT conceptualizes binge-eat-
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ing behaviors as attempts to cope with or to 
escape from distress. DBT focuses on teach-
ing patients to help tolerate negative emo-
tions and to learn more adaptive methods to 
regulate affect (e.g., mindfulness skills, dis-
tress tolerance, and emotional regulation). 
A recent randomized controlled trial (RCT; 
Safer, Robinson, & Jo, 2010) found that 
DBT, delivered in a group setting, was supe-
rior to an active group comparison therapy 
(ACGT) for reducing binge eating at post-
treatment but not at the 12-month follow-up 
(although both interventions were associated 
with high rates of binge-eating abstinence: 
64% in DBT and 56% in ACGT). Clinically, 
DBT appears to hold promise for complex 
patients with high impulsivity and difficul-
ties with emotional dysregulation (Robinson 
& Safer, 2012).

BWL Treatment for BED

A variety of BWL approaches have also been 
evaluated for treating BED in persons with 
obesity. It is worth noting that the early re-
search literature on BWL (and other “weight 
loss” methods) was quite mixed and led to 
debate regarding whether BWL was con-
traindicated, given concerns that dietary 
restriction might exacerbate binge eating 
(Wilson, Grilo, & Vitousek, 2007). How-
ever, not only has research demonstrated 
that structured BWL methods do not wors-
en binge eating, but RCTs have produced 
findings suggesting that BWL is an effective 
treatment for BED. RCTs have reported that 
BWL results in binge-eating abstinence rates 
(roughly 50%) that are comparable to those 
achieved by CBT methods at posttreatment 
and through 12 months of follow-up (Grilo 
et al., 2011; Wilson et al., 2010). BWL has 
the potential advantage over CBT and IPT 
of producing greater weight loss through 12 
months of follow-up. Longer-term follow-
ups, however, suggest that weight regain 
may occur over time. By 24 months, BWL is 
no longer associated with greater weight loss 
than either CBT or IPT treatments, which, 
in turn, show higher binge-eating abstinence 
rates. Grilo et al. (2011) found that a sequen-
tial approach, in which CBT (4 months) was 
delivered first, followed by BWL (6 months), 

was not superior to either CBT-only or 
BWL-only interventions through 12 months 
of follow-up.

Thus, manualized lifestyle BWL is a vi-
able and effective treatment for BED (Grilo 
et al., 2011; Wilson et al., 2010). This find-
ing is important because this “generalist” 
intervention is widely available. It can be 
delivered by a broader range of health care 
providers and is less costly than “specialist” 
treatments such as CBT and IPT. Indeed, a 
recent study (Grilo & White, 2013) reported 
that BWL for BED produced good outcomes 
(roughly 50% binge-eating abstinence rates 
through 6 months of follow-up) at a com-
munity mental health center serving socio-
economic status (SES)-disadvantaged, Span-
ish-speaking-only Latina/o patients with 
complex psychiatric problems.

Pharmacological Treatments for BED

Presently, there is only one FDA-approved 
medication for BED. In 2015, the FDA- 
approved lisdexamfetamine dimesylate 
(LDX) for the treatment of “moderate-to-
severe BED” after an initial large Phase II 
RCT (McElroy, Hudson, et al., 2015) and 
two Phase III RCTs (McElroy, Hudson, 
et al., 2016). Researchers found that LDX 
(50–70 mg/day) was significantly superior to 
placebo in each of the three 11-week studies. 
McElroy, Hudson, et al. (2015) reported that 
binge-eating abstinence rates for LDX were 
superior to placebo (Study 1: 40 vs. 14%; 
Study 2: 36 vs. 13%). McElroy, Mitchell, et 
al. (2016) reported additional findings fa-
voring LDX over placebo for several broader 
behavioral and psychological outcomes (e.g., 
reduced obsessive–compulsive symptoms). 
Presently, longer-term follow-up data are 
not available; thus, the longer-term durabil-
ity of the effects remains unknown, as does 
the salient clinical question of whether or 
not to continue the medication. It is impor-
tant to emphasize that the product labeling 
for LDX, which is classified as a DEA-con-
trolled substance, includes a “Limitation of 
Use” (i.e., it is not indicated for weight loss, 
its effects on obesity are unknown, and simi-
lar classes of medication have been associ-
ated with cardiovascular adverse events) and 
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a “Warning” (i.e., central nervous system 
[CNS] stimulants have a high potential for 
abuse/dependence).

Reas and Grilo (2014, 2015) recently re-
viewed 22 RCTs testing the effectiveness of a 
number of other medications for BED, either 
alone, relative to placebo, or in combination 
with psychological or behavioral interven-
tions. Medications tested in randomized 
placebo-controlled trials included vari-
ous antidepressants (Arnold, 2002; Grilo, 
Masheb, & Wilson, 2005; Leombruni et 
al., 2008; Hudson et al., 1998; Guerdjikova 
et al., 2008, 2012; White & Grilo, 2013); 
antiepileptic agents (McElroy et al., 2003; 
McElroy, Hudson, 2007; Guerdjikova et al., 
2009; McElroy et al., 2006); anti-obesity 
agents (Golay et al., 2005); and anticraving 
agents (McElroy et al., 2011, 2013).

The RCTs that tested medications varied 
considerably in methods. Most had limit-
ed sample sizes, all were of short duration 
(ranging from 8 to 24 weeks) and tested only 
acute treatment effects, and very few re-
ported follow-up data. Thus, little is known 
regarding optimal length of treatment, 
maintenance or durability of the acute treat-
ment outcomes, or the risk of relapse after 
medication discontinuation. The Reas and 
Grilo (2014, 2015) reviews, like other criti-
cal reviews and meta-analyses (Brownley, 
Peat, La Via, Bulik, 2015; Brownley et al., 
2016; McElroy, Guerdjikova, Mori, Keck, 
2015; NICE, 2004), have converged in sug-
gesting that certain medications have short-
term efficacy relative to placebo for treating 
BED. Certain specific medications are supe-
rior to placebo for helping patients to reduce 
the frequency of or achieve abstinence from 
binge eating, and certain medications are 
superior to placebo for producing weight 
loss (albeit generally modest) over the short 
term. To date, except for LDX (which is not 
recommended for weight loss per the prod-
uct labeling), only one medication—topira-
mate—has been shown to reliably produce 
substantial reductions in both binge eating 
and weight over the short term in patients 
with BED (McElroy et al., 2003, McElroy, 
Hudson, et al., 2007). Topiramate, however, 
is associated with a complex adverse event 
profile, and research has reported high rates 
of medication discontinuation attributed to 
side effects (McElroy et al., 2004).

There are almost no data on the longer-
term effects of pharmacotherapy for BED. 
Unlike the research literature on pharma-
cotherapy for obesity, which tends to fol-
low a clinical model of chronic management 
for energy regulation, the BED pharmaco-
therapy literature has generally followed a 
short-term acute intervention model. The 
few available data suggest that antidepres-
sant medications are inferior to CBT in 
follow-up studies after treatment comple-
tion (Grilo, Crosby, et al., 2012; Ricca et al., 
2001), and that topiramate (the only medi-
cation to date that reduces both binge eating 
and weight other than LDX) has extremely 
high dropout rates during longer-term main-
tenance therapy (McElroy et al., 2004). One 
study of an anti-obesity medication (sibutra-
mine), which was subsequently withdrawn 
from the market, reported significant acute 
weight loss during treatment and weight re-
gain once the medication was stopped (Grilo 
et al., 2014). Thus, important questions re-
garding effective pharmacotherapy for BED, 
such as optimal length of treatment, longer-
term outcomes, whether to discontinue med-
ication, and risk and timing of relapse await 
future empirical investigation.

Psychological and Behavioral Treatments 
Combined with Pharmacotherapy

Since many patients do not benefit suffi-
ciently from the various medications tested 
to date or from the available psychological 
and behavioral treatments for BED, research 
has evaluated the potential utility of com-
bining psychological and pharmacological 
treatment for BED. Grilo, Reas, and Mitch-
ell (2016) reviewed all 11 RCTs published 
to date that have tested combination treat-
ments for BED. The combination studies 
varied quite substantially in methods. Over-
all, the RCTs were relatively small (sample 
sizes ranged from 52 to 116), tested inter-
ventions ranging from 8 to 36 weeks, and 
all but two studies (Claudino et al., 2007; 
Golay et al., 2005) included follow-up evalu-
ations (ranging from 3 to 24 months). The 
RCT designs and medications included un-
blinded tests of adding five medications: de-
sipramine (Agras, Telch, & Arnow, 1994); 
imipramine (Laederach-Hofmann et al., 
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1999); fluoxetine and fluvoxamine (Ricca 
et al., 2001); and zonisamide (Ricca et al., 
2009). They also included double-blinded 
trials of four different medications added to 
either CBT or BWL treatments: fluoxetine 
in two trials (Devlin et al., 2005, Grilo, 
Masheb, & Wilson, 2005); orlistat in three 
trials (Grilo & White, 2013; Golay et al., 
2005; Grilo, Masheb, & Salant, 2005); topi-
ramate (Claudino et al., 2007); and sibutra-
mine (Grilo, Masheb, White, et al., 2014).

Overall, based on the 11 relevant RCTs 
performed to date, the evidence suggests that 
the strategy of combining medications with 
either CBT or BWL treatments has generally 
not enhanced outcomes. Table 34.1 summa-
rizes this literature. Combining medications 
with either CBT or BWL treatments results 
in superior binge-eating outcomes compared 
to pharmacotherapy alone but does not 
produce significantly improved outcomes 
compared to either CBT or BWL delivered 
alone. To date, one anti-obesity medication 
(orlistat) statistically improved weight loss-
es (Grilo, Masheb, & Salant, 2005), albeit 
minimally, and only one medication (topi-
ramate, an antiepileptic) significantly im-
proved CBT outcomes for both binge eating 
and weight loss (Claudino et al., 2007).

Claudino et al. (2007) reported that the 
addition of topiramate to CBT resulted in 
significantly greater binge-eating abstinence 
rates than placebo (84 vs. 61%, respectively, 
based on 1-week endpoint analysis) and in 
significantly greater weight loss (–6.8 kg vs. 
–0.9 kg, respectively). The addition of topi-
ramate to CBT, however, did not result in 
significantly greater reductions in binge-eat-
ing frequency, eating disorder pathology, or 
depression than placebo. Although Claudino 
et al. (2007) had only 19% attrition in their 
21-week study, the only longer-term mainte-
nance study of topiramate reported a 68% 
discontinuation rate associated with adverse 
events and difficulties tolerating the medica-
tion (McElroy et al., 2004).

Predictors, Moderators, and the Process 
of Change

Although a number of approaches have re-
ceived empirical support for treating BED, 
as reviewed above, even the most effective 

treatments result in a substantial minority 
of patients continuing to have troublesome 
symptoms, and most patients achieve only 
minimal weight loss. Investigators have ex-
plored predictors and moderators of treat-
ment outcomes, hoping to identify specific 
patient characteristics that could inform ra-
tionale prescription to specific treatments as 
a way to improve outcomes. However, reli-
able predictors and (especially) moderators 
of treatments for BED have been difficult 
to identify. Recent studies have suggested 
that patients with greater eating disorder 
psychopathology (Wilson et al., 2010), and 
specifically those with heightened overvalu-
ation of shape/weight (Grilo, Masheb, & 
Crosby, 2012), may require or benefit more 
from specialized treatments such as CBT 
and IPT, rather than BWL or medication 
approaches.

Although research has yet to identify 
“mediators” of treatment outcomes—which 
would inform refinement of treatment 
methods (Wilson et al., 2007)—a series of 
studies have found that “rapid response” 
to treatment has specific reliable prognos-
tic significance across different treatments. 
Overall, except for CBT—where rapid re-
sponse does not predict different important 
long-term outcomes—studies have reported 
that patients who fail to show a rapid re-
sponse to either BWL (Grilo, White, et al., 
2012; Masheb & Grilo, 2007) or to medi-
cations (Grilo, Masheb, & Wilson, 2006; 
Grilo et al., 2015) are unlikely to start im-
proving with continued treatment. Patients 
with BED who exhibit a rapid response to 
BWL are especially likely to achieve good 
outcomes in both binge eating and weight 
loss (Grilo, White, et al., 2012; Masheb & 
Grilo, 2007). Figure 34.1 shows the differ-
ential prognostic significance of early rapid 
response in patients treated with CBT ver-
sus BWL (Grilo, White, et al., 2012). These 
findings led Grilo and colleagues to sug-
gest a possible “stepped-care” approach of 
starting with BWL (a widely available treat-
ment) and switching those patients who do 
not evidence a rapid response after a month 
to a specialist treatment (CBT or IPT) and/
or add pharmacotherapy. This strategy is 
the focus of a current National Institutes 
of Health (NIH)-funded RCT (clinical trial 
registry: NCT00516919).
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FIGURE 34.1. Prognostic significance of rapid response to BWL and CBT for BED. (A) The proportion 
(i.e., percentage) of participants with rapid response versus without rapid response that achieved ab-
stinence from binge eating at posttreatment, 6-month, and 12-month follow-up assessments for BWL 
and CBT. (B) The percentage weight loss (y-axis shows estimated marginal means) by participants 
with rapid response versus without rapid response throughout the course of treatment and follow-ups 
(x-axis) for BWL and CBT. Adapted and based on data from Grilo, White, Wilson, Gueorguieva, and 
Masheb (2012). Rapid response predicts 12-month post-treatment outcomes in binge eating disorder: 
Theoretical and clinical implications. Psychological Medicine, 42(4), 807–817. Copyright © 2012 El-
sevier. Adapted by permission.



 Treatment of Eating Disorders 561

Disordered Eating and Bariatric Surgery

A growing literature on identifying and treat-
ing disordered eating in patients with obesity 
is emerging from the study of severely obese 
persons who seek (and undergo) bariatric 
surgery. Many patients with severe obesity 
who seek bariatric surgery experience dif-
ficulties with binge eating preoperatively 
(Wadden et al., 2011; White, Kalarchian, 
Masheb, Marcus, & Grilo, 2010) and “loss 
of control” eating postoperatively (White 
al., 2010). Whereas binge eating prior to 
bariatric surgery has generally not predicted 
poorer weight loss outcomes (Wadden et al., 
2011; White et al., 2010; Chao et al., 2016), 
disordered eating behaviors postoperatively 
appear to be a negative prognostic indica-
tor (Devlin et al., 2016; Meany, Conceicao, 
& Mitchell, 2014; White et al., 2010). The 
emerging intervention literature consists of a 
few relatively small trials of brief behavior-
al, cognitive, and nutritional interventions 
adapted from the BWL and CBT literatures 
for obesity and BED. Critical reviews of the 
preliminary evidence have converged in sug-
gesting the potential effectiveness of behav-
ioral and cognitive interventions delivered 
after bariatric surgery (Beck, Johannsen, 
Stoving, Mehlsen, & Zachariae, 2012; Ka-
larchian & Marcus, 2015; Rudolph & Hil-
bert, 2013).

Future Research Directions

Longer-term and larger studies are needed 
to establish, more definitively, the role of 
pharmacotherapy for BED, including, most 
importantly, its durability and approaches 
to longer-term maintenance. Recently, four 
new anti-obesity medications or medication 
combinations (phentermine/topiramate, 
lorcaserin, naltrexone/bupropion, and lira-
glutide) have been approved by the FDA for 
treating obesity, but none has been evalu-
ated for BED either as a monotherapy or 
in combination with CBT or BWL. Larger 
studies with greater diversity and general-
izability (Thompson-Brenner et al., 2013) 
are needed to perform adequately powered 
analyses of mediators of outcomes. These 
data would inform how best to refine exist-
ing treatments, and analyses of moderators 

of outcomes would inform improved treat-
ment prescription or “matching.” Finding 
ways to effectively produce weight loss and 
longer-term weight control in patients with 
BED remains a major challenge. Methods 
for broader dissemination and training of 
clinicians in evidence-based methods repre-
sent additional challenges.
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Dissatisfaction with physical appearance 
and body image is a common experience for 
individuals living in Westernized cultures. 
Body image dissatisfaction is frequently 
reported by those who have excess body 
weight. This dissatisfaction can affect both 
self-esteem and quality of life. Body image 
dissatisfaction is also believed to be the mo-
tivational catalyst for a range of appearance-
enhancing behaviors, including weight loss 
efforts. This chapter provides an overview 
of the relationship between body image and 
obesity. The chapter begins with an over-
view of the development and refinement of 
the psychological construct of body image. 
This includes a discussion of definitions and 
theoretical models of the construct. Psycho-
metric measures to assess body image are 
described. An overview of the etiology of 
body image, with a focus on severity and 
clinical significance, is detailed. The chap-
ter concludes with a discussion of changes 
in body image with weight loss, as well as 
the role that psychotherapeutic interventions 
and cosmetic surgical procedures can play in 
addressing weight-related body image con-
cerns.

The Psychological Construct 
of Body Image

Understanding of the psychological con-
struct of body image begins with an aware-
ness and appreciation of the role physical 
appearance plays in daily life. This issue has 
always been of great interest to philosophers 
and writers, business executives and market-
ing professionals, as well as anyone who has 
ever fallen in love. In the early 1970s, social 
psychologists began to formally study how 
an individual’s physical appearance affects 
his or her social relationships. Early studies 
in this area focused on the role of physical 
attractiveness in romantic partner selection 
(Hatfield & Sprecher, 1986). Over time, re-
searchers investigated the impact of physical 
appearance on a range of interpersonal in-
teractions. This now substantial body of re-
search has repeatedly demonstrated that in-
dividuals who are more physically attractive 
are judged or perceived in a more favorable 
light than less attractive individuals (Hat-
field & Sprecher, 1986; Patzer, 2007). More 
attractive individuals are often believed to 
have more positive personality characteris-
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tics than their less attractive peers. For ex-
ample, more attractive individuals are rated 
as being more intelligent, friendlier, and 
kinder than individuals who are less attrac-
tive. Studies also suggest that more attrac-
tive individuals receive preferential treat-
ment in a variety of social situations across 
their lifespan (Aharon et al., 2001; Patzer, 
2007). Whereas many of these studies fo-
cused specifically on facial appearance, oth-
ers have focused on more global assessments 
of attractiveness or discrete issues such as 
height and weight. Not surprisingly, lean 
individuals are perceived to be more attrac-
tive than those who are overweight or obese 
(Etcoff, 2011).

As research on the role of physical appear-
ance in interpersonal relationships evolved, 
other scholars focused on the “internal” view 
of physical appearance: body image (Cash 
& Smolak, 2011). The earliest work in this 
area was undertaken by neurologists trying 
to identify the basic elements of the mind–
body relationship. Stunkard and Mendelson 
(1967) were the first to report that some in-
dividuals with obesity—particularly those 
with childhood onset of obesity and those 
who experienced unwanted comments about 
their weight—experienced body image dis-
satisfaction (Stunkard & Mendelson, 1967). 
It wasn’t until the 1980s and 1990s that re-
search on body image exploded. Using cog-
nitive-behavioral theory as a foundation, in-
vestigators proposed new theoretical models 
of body image and conducted high-quality 
empirical research that rapidly advanced the 
field (Cash, 2012; Cash & Smolak, 2011). 
Much of the early work in the area of body 
image focused on the weight and shape con-
cerns of individuals with anorexia nervosa 
and bulimia nervosa. However, as the global 
obesity problem grew in the 1990s, the body 
image concerns of individuals with excess 
body weight garnered more attention (Sar-
wer, Thompson, & Cash, 2005).

Definitions and Theoretical Models 
of Body Image
We all have a sense of our own body image—
how we think, feel, and behave in response 
to our physical appearance. However, when 
the multidimensional nature of body image 
is considered, articulation of a concise defi-

nition of body image becomes challenging. 
Cash and Pruzinsky (1990) defined body 
image as the perceptions, thoughts, and feel-
ings associated with the body and bodily 
experience. This definition captured the 
multidimensional nature of body image, 
including not only the manner in which 
an individual objectively appears to others 
(e.g., tall or short, large or small), but also 
the manner in which a body moves in time 
and space. These physical perceptions subse-
quently interact with thoughts and feelings 
about the features of one’s appearance. Un-
fortunately, this definition does not specifi-
cally highlight body image behaviors, such 
as grooming habits and clothing selection, 
as well as more profound behaviors, such as 
physical changes from weight gain or loss.

Within a decade of Cash and Pruzinsky’s 
definition, another text identified 13 differ-
ent terms that were used interchangeably 
with body image, as experts in the field 
struggled to agree on a common definition 
of the construct (Thompson, Heinberg, Al-
tabe, & Tantleff-Dunn, 1999). In an effort 
to return the field to a more straightfor-
ward definition, Cash and Smolak (2011) 
described body image as the “psychological 
experience of embodiment.” This succinct 
description leaves the reader with a sense of 
the important role that body image plays in 
quality of life, self-esteem, and the overall 
human experience.

Much of our understanding of body 
image comes from a cognitive-behavioral 
theoretical model (Cash & Smolak, 2011). 
This model describes the perceptual, cog-
nitive, affective, and behavioral aspects of 
body image; it also accounts for historical 
and proximal influences of the construct. In 
brief, historical influences include an individ-
ual’s physical characteristics (and changes to 
them), personality traits (that may place an 
individual “at risk” to be overly concerned 
about his or her body image), interpersonal 
experiences (such as appearance-focused 
teasing), and cultural socialization. Proxi-
mal influences include cognitive processing 
of appearance-specific information from the 
environment that, along with more general 
cognitive processes, lends “meaning” to sit-
uations and events in daily life.

These historical and proximal variables 
influence two fundamental body image at-
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titudes. The first is body image investment: 
the amount of time and energy—cognitive, 
emotional, and behavioral—an individual 
spends on his or her appearance. The sec-
ond is body image evaluation: the degree to 
which an individual is satisfied or dissatis-
fied with his or her appearance. The interac-
tion of the degree of investment in one’s ap-
pearance and the degree of (dis)satisfaction 
influence subsequent body image behavior. 
Both attitudes are believed to fall along a 
continuum. Individuals who are both highly 
invested and highly dissatisfied with their 
appearance are most likely to engage in be-
haviors to change their appearance (Sarwer, 
Pertschuk, Wadden, & Whitaker, 1998). 
However, it is important to realize that there 
are contextual elements that can affect judg-
ment of body image investment and satisfac-
tion. Clothing is one such element. Many in-
dividuals will use oversized or loose-fitting 
clothing to camouflage their excess weight; 
others will avoid clothing options, such as 
shorts and bathing suits, which would dis-
play their excess weight or cellulite to others. 
Given the rapid growth of clothing options 
and accessories that can enhance body shape 
(e.g., Spanx) now available, it’s quite likely 
that the degree of body image dissatisfaction 
varies when an individual is dressed or un-
dressed (Sarwer & Polonsky, 2016).

Assessment of Body Image

A number of research methods can be used 
to assess body image (Cash, 2011). The ear-
liest research in the area relied heavily on 
clinical interviews of patients’ experiences 
with their bodies. The growth of body image 
scholarship over the past several decades 
was accompanied by the development of a 
large collection of psychometric measures to 
assess body image concerns (Thompson et 
al., 1999). These include measures of weight 
satisfaction, appearance satisfaction, and 
size perception (Thompson et al., 1999). The 
Body Shape Questionnaire has been widely 
used by researchers interested in assessing 
the body image concerns of individuals with 
eating disorders (Cooper, Taylor, Cooper, 
& Fairburn, 1987). The measure was subse-
quently used in several of the first studies of 
body image in persons with obesity. Other 

measures of disordered eating, such as the 
Eating Disorder Examination, also assess 
weight and shape concerns specifically relat-
ed to eating behavior (Cooper & Fairburn, 
1987). The Body Image Quality of Life In-
ventory assesses the positive and negative 
impact of body image on various aspects 
of life satisfaction (Cash & Fleming, 2002). 
The measure has been used in some studies 
of persons with obesity who have undergone 
weight loss.

Perhaps the most widely used body image 
assessment has been the Multidimension-
al Body–Self Relationship Questionnaire 
(MBSRQ; Cash, 2000). This 69-item self-
report measure includes 10 subscales that 
assess individuals’ attitudes and disposi-
tions concerning their physical selves. In re-
cent years, a shorter 34-item version of the 
measure, which includes the Appearance 
Subscales, has been developed and is often 
used in place of the larger measure. Unfor-
tunately, the MBSRQ does not allow for an 
assessment of the body image concerns asso-
ciated with discrete features of appearance. 
It also was not designed to specifically assess 
changes with weight loss.

Recently, a number of psychometric mea-
sures have been developed that are specifi-
cally designed to assess the body image and 
quality-of-life concerns in persons who ex-
perience a change in their physical appear-
ance. The measure most relevant to the field 
of obesity is the BODY-Q. The BODY-Q 
measures three domains, including overall 
appearance, health-related quality of life, 
and experience of health care (Klassen et al., 
2016). The measure has great potential to 
enhance understanding of changes in body 
image with weight loss.

The Etiology of Body 
Image Dissatisfaction
Prevalence of Body Image Dissatisfaction
Estimates of the prevalence of body image 
dissatisfaction have largely come from pop-
ulation surveys found in either magazines 
or, more recently, Internet-based surveys. 
Perhaps the most noteworthy of these is the 
1996 Body Image Survey from Psychology 
Today magazine (Garner, 1997). The survey 
of magazine readers found that the major-
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ity of women (56%) and almost half (43%) 
of men were dissatisfied with their overall 
appearance. More recent population-based 
studies, as well as Internet-based surveys 
hosted on highly trafficked websites, have 
found similar results (Frederick, Jafary, 
Gruys, & Daniels, 2012).

Clearly, there are a number of problems 
with relying on magazine and Internet sur-
veys for reliable prevalence data. Such sur-
veys are frequently affected by sample biases 
that call into question the representativeness 
of the sample and, ultimately, the validity of 
the findings. Nevertheless, studies that used 
sampling strategies to ensure a more repre-
sentative sample of the American popula-
tion have found similar levels of body image 
dissatisfaction (Cash & Henry, 1995). Thus, 
most body image scholars agree that body 
image dissatisfaction is a ubiquitous prob-
lem among individuals living in Westernized 
cultures.

Although body image dissatisfaction is 
largely universal, it varies across different 
groups of individuals. Women are typically 
far more dissatisfied with their body image 
than are men (Schwartz & Brownell, 2004). 
Differences also exist across ethnic groups; 
African and Hispanic American women typ-
ically report less body image dissatisfaction 
than European American women (Franko 
& Roehrig, 2011). Body image dissatisfac-
tion also appears to be related to degree of 
acculturation. Some evidence suggests that 
as Asian and Hispanic American individu-
als acculturate to American customs, body 
image dissatisfaction increases to mirror 
that of European Americans (Kawamura, 
2011; Schooler & Lowry, 2011).

Specificity of Body Image Dissatisfaction
Body image dissatisfaction can be global 
or specific. As noted above, large percent-
ages of individuals report dissatisfaction 
with their overall appearance. The great-
est dissatisfaction with appearance is as-
sociated with excess body weight (Sarwer, 
Wadden, & Foster, 1998). Given the scope 
of the world’s obesity problem, this obser-
vation is not particularly surprising. Among 
women with obesity, 47% reported that they 
were most dissatisfied with their waist and 
abdomen, whereas only 10% reported dis-

satisfaction with their overall body (Sarwer, 
Wadden, Pertschuk, & Whitaker, 1998). 
Additionally, 42% of women who were of 
average body weight indicated that they 
were most dissatisfied with their waist and 
abdomen, suggesting that dissatisfaction 
with the waistline may be independent of 
actual body weight.

Severity of Body Image Dissatisfaction
Body image dissatisfaction is believed to fall 
along a continuum. On one end of this con-
tinuum are individuals who are highly satis-
fied with their physical appearance. Results 
of the body image surveys would suggest 
that these individuals are a minority; there 
likely are very few individuals who evaluate 
their appearance regularly and, over time, 
do not experience at least some modest dis-
satisfaction with changes associated with 
aging or weight gain. Most individuals likely 
experience some degree of body image dis-
satisfaction, which is believed to be the mo-
tivational catalyst for appearance-enhancing 
behaviors, including weight loss (Sarwer, 
Lavery, & Spitzer, 2012).

Excess body weight is associated with 
greater body image dissatisfaction (Schwartz 
& Brownell, 2004; van den Berg, 2012). 
Across studies, there is a modest to strong 
correlation between body mass and body 
image dissatisfaction for children and ado-
lescents, although the relationship is typical-
ly stronger for females than males. Among 
adults, the association between body mass 
index (BMI) and body image dissatisfaction 
exists for women and men who are over-
weight or who have class 1 obesity, as well 
as those with more extreme obesity (Sar-
wer, Dilks, & Spitzer, 2011). Greater body 
image dissatisfaction in persons with obesity 
has been associated with lower health- and 
weight-related quality of life, lower self-es-
teem, and greater depressive symptoms (Fos-
ter, Wadden, & Vogt, 1997; Grilo, Wilfley, 
Brownell, & Rodin, 1994; Sarwer, Wadden, 
& Foster, 1998).

Although body image dissatisfaction 
may be normative, some individuals report 
body image dissatisfaction that negatively 
affects their daily behavior. For example, a 
significantly greater percentage of women 
with obesity, compared to those without 
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obesity, reported, on more than half of the 
days of the month, camouflaging their obe-
sity with clothing, changing their posture or 
body movements, avoiding looking at their 
bodies, and becoming upset when thinking 
about their appearance (Sarwer, Wadden, 
& Foster, 1998). Others experience great 
shame related to their body size and weight, 
either because of their own self-conscious-
ness or because of the experience of weight-
related discrimination and bias (Sarwer, 
Fabricatore, Eisenberg, Sywulak, & Wad-
den, 2008). Severe body image dissatisfac-
tion is a symptom of a number of formally 
recognized psychiatric disorders. These dis-
orders include gender dysphoria and depres-
sion, as well as eating disorders and body 
dysmorphic disorder (American Psychiatric 
Association, 2013). Individuals with these 
conditions should likely be referred for as-
sessment and treatment by a mental health 
professional prior to undertaking treatment 
for obesity (Sarwer, Allison, & Dilks, 2016).

Improvements in Body Image
Improvements in Body Image 
with Weight Loss
Individuals who lose weight typically expe-
rience improvements in several areas of psy-
chosocial functioning (Allison & Sarwer, 
2016; Sarwer et al., 2011; Still, Sarwer, & 
Blankenship, 2014). Body image is no excep-
tion. Individuals who lose modest amounts 
of weight with lifestyle modification or 
pharmacotherapy typically report improve-
ments in body image (Sarwer, Dilks & 
Spitzer, 2011). In most cases, these improve-
ments are independent of the magnitude of 
weight loss. Participation in regular exercise, 
independent of weight loss, has also been as-
sociated with improvements in body image 
(Campbell & Hausenblas, 2009)

Numerous studies have also found sig-
nificant improvements in body image fol-
lowing bariatric surgery (Kolotkin, Crosby, 
Williams, Hartley, & Nicol, 2001; Sarwer, 
Bishop-Gilyard, & Carvajal, 2014; Sarwer, 
Spitzer, et al., 2014; Sarwer et al., 2013). For 
example, both men and women who under-
went bariatric surgery as part of the Lon-
gitudinal Assessment of Bariatric Surgery 
(LABS) Consortium, reported significant 

improvements in body image at the end of 
the first postoperative year and after losing 
approximately 30% of their initial weight 
(Sarwer, Spitzer, et al., 2014; Sarwer et al., 
2013). These individuals also reported sig-
nificant improvements in quality of life and 
depressive symptoms; women reported sta-
tistically significant improvements in sexual 
functioning, whereas men did not. Improve-
ments in body image were well maintained 
over the first 4 postoperative years, even 
as some individuals began to regain weight 
(Sarwer, Spitzer, et al., 2014; Sarwer et al., 
2013).

Improvements in Body Image 
with Body‑Contouring Surgery
Many individuals with excess body weight 
turn to cosmetic surgery to improve their 
body shape and body image. Abdomino-
plasty and liposuction (of the midsection) 
are among the most commonly performed 
body-contouring surgical procedures (Amer-
ican Society for Aesthetic Plastic Surgeons, 
2015). Both are typically performed on pa-
tients who are either modestly overweight or 
of average body weight but are concerned 
about their body shape. They also are per-
formed on patients who have lost massive 
amounts of weight (typically after bariatric 
surgery), sometimes in combination with 
arm lifts, thigh lifts, and lower body lifts.

According to the American Society for 
Aesthetic Plastic Surgeons, liposuction is the 
most popular cosmetic surgical procedure 
(American Society for Aesthetic Plastic Sur-
geons, 2015), with 414,335 patients under-
going the procedure in 2016. Although the 
specific area of the body treated via liposuc-
tion varies by patient, female patients most 
often seek lateral thigh and hip procedures, 
whereas men request abdominal—“love 
handle”—procedures. Abdominoplasty is 
also common, with 180,717 patients receiv-
ing this procedure in 2014 (American Soci-
ety for Aesthetic Plastic Surgeons, 2015).

Patients often hold a number of miscon-
ceptions regarding the procedures’ uses and 
outcomes. Liposuction patients often erro-
neously believe that the procedure will re-
sult in substantial weight loss, and that fat 
deposits will never return to the site of treat-
ment (Sarwer, Didie, & Gibbons, 2006). In 
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reality, patients experience modest weight 
losses, typically 1 or 2 kg, (Giese, Bulan, 
Commons, Spear, & Yanovski, 2001), and 
no changes in obesity-related metabolic 
outcomes (Hernandez et al., 2011; Klein et 
al., 2004). Many patients experience weight 
regain within a year of the procedure (Her-
nandez et al., 2011). Abdominoplasty pa-
tients, by contrast, experience larger initial 
weight losses (attributed to the removal of 
larger amounts of fat as well as some muscle 
and skin), and 70% experienced a 5% de-
crease in BMI 1 year after surgery (Fuller, 
Nguyen, & Moulton-Barrett, 2013).

Regardless of the magnitude of weight 
loss, most patients report high levels of satis-
faction following these procedures (Saarini-
emi et al., 2014; Swanson, 2012). Many also 
report improvements in psychosocial func-
tioning. In a study of 360 liposuction and 
abdominoplasty patients, 85.8% reported 
improved self-esteem, and 69.6% reported 
improved quality of life postoperatively 
(Swanson, 2012). Other studies have also 
demonstrated a reduction in body image 
dissatisfaction following both surgery types. 
One study found a reduced risk of eating 
disorders following liposuction, although 
methodological limitations of the study raise 
concerns about the validity of the results 
(Saariniemi, Salmi, Peltoniemi, Charpentier, 
& Kuokkanen, 2015).

Ellison and colleagues recently authored 
a detailed review of the literature on body 
contouring, specifically following the mas-
sive weight loss seen after bariatric surgery 
(Ellison, Steffen, & Sarwer, 2015). The vast 
majority of individuals who have undergone 
bariatric surgery report experiencing excess 
skin (Ellison et al., 2015; Kitzinger, Abayev, 
Pittermann, Karle, Bohdjalian, et al., 2012). 
The abdominal region is the area of great-
est concern, followed by the breasts/chest, 
upper arms, thighs, and rear/buttocks (Kitz-
inger, Abayev, Pittermann, Karle, Kubiena, 
et al., 2012; Klopper, Kroese-Deutman, & 
Berends, 2014). The body areas that develop 
excess skin do not differ by surgery type, 
gender, age, time elapsed since surgery, pre-
weight-loss surgery BMI, or postoperative 
weight loss (Giordano, Victorzon, Stormi, & 
Suominen, 2014). Higher levels of reported 
dissatisfaction with excess skin were found 
among women, adolescents, patients achiev-

ing a greater magnitude of BMI change, and 
patients with higher current BMI (Giordano 
et al., 2014; Staalesen, Fagevik Olsen, & 
Elander, 2013; Steffen et al., 2012).

This loose, hanging skin can affect physi-
cal functioning. Approximately 60% of pa-
tients report that excess hanging skin has 
resulted in problematic skin conditions (e.g., 
itching, rashes, chafing, ulcers, worsening 
of existing skin disease) (Kitzinger, Abayev, 
Pittermann, Karle, Bohdjalian, et al., 2012; 
Kitzinger, Abayev, Pittermann, Karle, Kubi-
ena, et al., 2012; Mitchell et al., 2008). Up 
to 90% report that the hanging skin results 
in functional impairment. Specifically, pa-
tients reported pain and interference with 
their ability to find appropriate clothing, 
maintain personal hygiene, and engage in 
physical activity or sexual behavior (Klop-
per et al., 2014; Staalesen et al., 2013; van 
der Beek, Te Riele, Specken, Boerma, & van 
Ramshorst, 2010).

The vast majority of patients who under-
go bariatric surgery desire body-contouring 
surgery (Staalesen et al., 2013; Steffen et al., 
2012), with the abdomen being the most 
desired region for surgical treatment (Gior-
dano et al., 2014). Several demographic and 
psychosocial factors have been found to 
predict requests for body-contouring sur-
gery. Younger individuals and those who are 
divorced are more likely to undergo body 
contouring (Gusenoff, Messing, O’Malley, 
& Langstein, 2008; Singh et al., 2012). In-
dividuals further removed from their weight 
loss are also more likely to undergo surgery 
(Gusenoff et al., 2008). Additionally, the de-
gree of BMI change from pre- to postbar-
iatric surgery was found to predict interest 
in surgery (de Zwaan et al., 2014; Gusenoff 
et al., 2008; Singh et al., 2012), with re-
ported odds ratios being such that a 1 kg/m2 
decrease in BMI from presurgery to 1 year 
postsurgery translated into a 12% increase 
in likelihood of obtaining body-contouring 
surgery (Singh et al., 2012). A recent study 
found that individuals who underwent 
body-contouring surgery had lost a higher 
percentage of total weight and excess weight 
compared to those who did not undergo sur-
gery (de Zwaan et al., 2014).

Patients who undergo body-contouring 
surgery are typically satisfied with the re-
sults (Song et al., 2006). Nearly all patients 
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reported that they would undergo body-
contouring surgery again (96%) and would 
recommend it to a friend or relative (92%) 
(Larsen et al., 2007). Patients often report 
improvements in several domains of qual-
ity of life, including pain, skin problems, 
and physical limitations that were caused 
by excess skin (Al-Hadithy, Welbourn, Ad-
itya, Stewart, & Soldin, 2014). Significant 
improvements in the quality-of-life domains 
of work ability, physical activity, and sexual 
activity from postbariatric to post-body-
contouring surgery time points have also 
been reported (Modarressi, Balague, Huber, 
Chilcott, & Pittet-Cuenod, 2013). Individu-
als undergoing body-contouring surgery 
were more likely to report being physi-
cally active and advancing in their careers 
(Al-Hadithy et al., 2014). One long-term 
follow-up study found that individuals who 
underwent body-contouring surgery experi-
enced significant improvement in intimacy, 
mental well-being, physical appearance, 
and physical and social functioning (van 
der Beek, Geenen, de Heer, van der Molen, 
& van Ramshorst, 2012). Other studies 
have reported improvements in body image 
(Cintra et al., 2008; Lazar, Clerc, Deneuve, 
Auquit-Auckbur, & Milliez, 2009). The 
highest rates of satisfaction following body-
contouring surgery were found in the breast, 
hip, and buttock regions, with lower rates 
of satisfaction with the thighs (Cintra et al., 
2008; de Zwaan et al., 2014; Klopper et al., 
2014; Song et al., 2006).

Improvements in Body Image 
without Weight Loss
Prior to the recognition of obesity as a sig-
nificant public health issue, several groups 
of investigators studied the efficacy of im-
proving body image in overweight and obese 
persons without weight loss. This work 
evolved from the belief that caloric restric-
tion for weight loss could contribute to the 
development of disordered eating, and that 
greater body image acceptance could lead 
to healthier eating and weight loss. In one 
of the first such studies, Roughan and col-
leagues reported significant improvements in 
body image, as well as improvements in self-
esteem and depression, following a program 
designed to promote weight acceptance and 

decrease overeating (Roughan, Seddon, & 
Vernonroberts, 1990). Polivy and Herman 
(1992) found that after a 10-week “undiet-
ing” program, women with obesity reported 
improvements in self-esteem and depression, 
but did not report improvements in body 
image.

Rosen and colleagues subsequently de-
veloped a cognitive-behavioral body image 
therapy program specifically tailored for 
women who were overweight or obese 
(Rosen, Orosan, & Reiter, 1995). The pro-
gram was typically administered in a group 
format for 8 weeks. Participants were taught 
about the origins of body image development 
and shown how negative body image atti-
tudes are learned and maintained through 
sociocultural influences and personal ex-
periences. The intervention was combined 
with a standard lifestyle modification in-
tervention and compared to the weight loss 
treatment alone. Throughout treatment, 
participants experienced modest changes 
in weight and reported improvements in 
body image and self-esteem. At the 3-month 
follow-up, the combined group experienced 
only a 0.4 kg weight regain compared to a 
4 kg regain for the weight-control-alone 
condition. Furthermore, although the dif-
ference only approached statistical signifi-
cance, the combined condition also reported 
lower body image dissatisfaction. At 1 year, 
the combined group experienced only a 2.2 
kg weight regain compared to a 6.8 kg re-
gain for the weight-control-alone group. Al-
though this difference was not statistically 
significant, it suggests that the combination 
of behavioral weight control strategies and 
body image therapy may improve weight 
maintenance.

Cognitive-behavioral strategies to im-
prove body image are now frequently includ-
ed in lifestyle modification curricula, either 
during the active weight loss phase of treat-
ment or as a behavioral lesson to help pro-
mote successful weight maintenance. Some 
individuals with obesity who have managed 
to lose and maintain their weight loss will 
also enter into individual psychotherapy 
with a mental health professional to address 
long-standing body image issues. This psy-
chotherapeutic aspect can be an important 
element of addressing the psychosocial bur-
den of obesity. However, in the presence of 
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extreme obesity and/or significant weight-
related comorbidities, it can be difficult to 
justify a cognitive-behavioral approach to 
improve body image without an accompany-
ing approach to reduce weight and improve 
physical health.

Conclusions

Over the last several decades, there has been 
a greater understanding of the role of physi-
cal appearance and body image in daily life. 
A now large body of research has suggested 
that individuals who are more attractive 
are judged more favorably, and also receive 
preferential treatment in a variety of inter-
personal interactions across the lifespan. 
Studies that have investigated body size and 
shape have reached similar conclusions—in-
dividuals of average body weight are seen 
and treated more positively than those who 
have excess body weight.

The psychological construct of body 
image is a useful foundation for understand-
ing an individual’s experience of his or her 
body in relation to the social world. Similar 
to research on the psychological aspects of 
physical appearance, scholarship on body 
image has grown rapidly in the last several 
decades. Much of this work originated from 
the body image concerns seen in persons 
with eating disorders. More recently, body 
image has become a routinely assessed con-
struct in studies of a range of weight loss 
treatments.

Excess body weight is associated with 
body image dissatisfaction, and is believed to 
motivate both weight loss efforts—improve-
ments in diet, increases in physical activity, 
pharmacotherapy, and bariatric surgery—as 
well as body-contouring procedures, such as 
liposuction and abdominoplasty. The limit-
ed amount of research conducted on the psy-
chosocial characteristics and functioning of 
individuals who present for these procedures 
has suggested few differences from other 
aesthetic surgery patients. Postoperative 
studies have suggested that most patients are 
satisfied with their outcomes. These obser-
vations have also been seen in persons who 
seek body-contouring procedures after the 
massive weight loss that typically follows 
bariatric surgery.

At the same time, it is clear that even indi-
viduals of a normal body weight and those 
who are modestly overweight are dissatisfied 
with the impact of excess adiposity on their 
appearance. Whereas this dissatisfaction 
used to be attributed to “trivial vanity,” we 
have come to learn that how we feel about 
our appearance plays an important role in 
our self-esteem and quality of life. Both are 
important, yet often overlooked, aspects of 
our functioning and well-being. In recent 
years, psychosocial functioning has come to 
play a more central role in patient-centered 
health care, with improvements in quality of 
life, self-esteem, body image, and other psy-
chological constructs now seen as important 
criteria in evaluating the benefits of a medi-
cal treatment such as weight loss.

References

Aharon, I., Etcoff, N., Ariely, D., Chabris, C. F., 
O’Connor, E., & Breiter, H. C. (2001). Beautiful 
faces have variable reward value: fMRI and behav-
ioral evidence. Neuron, 32(3), 537–551.

Al-Hadithy, N., Welbourn, R., Aditya, H., Stewart, 
K., & Soldin, M. (2014). A preliminary report on the 
development of a validated tool for measuring psy-
chosocial outcomes for massive weight loss patients. 
Journal of Plastic, Reconstructive, and Aesthetic 
Surgery, 67(11), 1523–1531.

Allison, K. C., & Sarwer, D. B. (2016). Body image 
disturbance during pregnancy and the postpartum 
period. In A. Wenzel (Ed.), The Oxford handbook 
of perinatal psychology (pp. 231–251). New York: 
Oxford Library of Psychology.

American Psychiatric Association. (2013). Diagnostic 
and statistical manual of mental disorders 5th ed.). 
Arlington, VA: Author.

American Society for Aesthetic Plastic Surgeons. 
(2017). 2016 Cosmetic surgery national data bank 
statistics. Available at www.surgery.org/sites/de-
fault/files/ASAPS-Stats2016.pdf.

Campbell, A., & Hausenblas, H. A. (2009). Effects of 
exercise interventions on body image: A meta-anal-
ysis. Journal of Health Psychology, 14(6), 780–793.

Cash, T. F. (2000). Multidimensional Body–Self Rela-
tions Questionnaire. New York: Springer.

Cash, T. F. (2011). Crucial considerations in the as-
sessment of body image. In T. F. Cash & L. Smolak 
(Eds.), Body image: A handbook of science, prac-
tice, and prevention (2nd ed., pp. 129–137). New 
York: Guilford Press.

Cash, T. F. (2012). Encyclopedia of body image and 
human appearance (Vol. 2). London: Academic 
Press.

Cash, T. F., & Fleming, E. C. (2002). The impact of 
body image experiences: Development of the Body 



 Obesity and Body Image Dissatisfaction 573

Image Quality of Life Inventory. International Jour-
nal of Eating Disorders, 31(4), 455–460.

Cash, T. F., & Henry, P. E. (1995). Women’s body im-
ages: The results of a national survey in the USA. Sex 
Roles, 33(1–2), 19–28.

Cash, T. F., & Pruzinsky, T. (1990). Body images: De-
velopment, deviance, and change. New York: Guil-
ford Press.

Cash, T. F., & Smolak, L. (2011). Body image: A hand-
book of science, practice, and prevention (2nd ed.). 
New York: Guilford Press.

Cintra, W., Jr., Modolin, M. L., Gemperli, R., Gobbi, 
C. I., Faintuch, J., & Ferreira, M. C. (2008). Quality 
of life after abdominoplasty in women after bariat-
ric surgery. Obesity Surgery, 18(6), 728–732.

Cooper, P. J., Taylor, M. J., Cooper, Z., & Fairburn, 
C. G. (1987). The development and validation of the 
Body Shape Questionnaire. International Journal of 
Eating Disorders, 6(4), 485–494.

Cooper, Z., & Fairburn, C. (1987). The Eating Dis-
order Examination: A semi-structured interview 
for the assessment of the specific psychopathology 
of eating disorders. International Journal of Eating 
Disorders, 6(1), 1–8.

de Zwaan, M., Georgiadou, E., Stroh, C. E., Teufel, 
M., Kohler, H., Tengler, M., et al. (2014). Body 
image and quality of life in patients with and with-
out body contouring surgery following bariatric sur-
gery: A comparison of pre- and post-surgery groups. 
Frontiers in Psychology, 18(5), 1310.

Ellison, J. M., Steffen, K. J., & Sarwer, D. B. (2015). 
Body contouring after bariatric surgery [Review]. 
Euopean Eating Disorders Review Journal, 23(6), 
479–487.

Etcoff, N. (2011). Survival of the prettiest: The science 
of beauty. New York: Anchor.

Foster, G. D., Wadden, T. A., & Vogt, R. A. (1997). 
Body image in obese women before, during, and 
after weight loss treatment. Health Psychology, 
16(3), 226.

Franko, D. L., & Roehrig, J. P. (2011). African Ameri-
can body images. In T. F. Cash & L. Smolak (Eds.), 
Body image: A handbook of science, practice, and 
prevention (2nd ed., pp. 221–228). New York: Guil-
ford Press.

Frederick, D. A., Jafary, A. M., Gruys, K., & Dan-
iels, E. A. (2012). Surveys and the epidemiology of 
body image dissatisfaction. In T. F. Cash (Ed.), En-
cyclopedia of body image and human appearance 
(pp. 766–774). London: Elsevier.

Fuller, J. C., Nguyen, C. N., & Moulton-Barrett, R. E. 
(2013). Weight reduction following abdominoplasty: 
A retrospective case review pilot study. Plastic and 
Reconstructive Surgery, 131(2), 238e–244e.

Garner, D. M. (1997). The 1997 Body Image Survey 
results. Psychology Today, 30(1), 30–44.

Giese, S. Y., Bulan, E. J., Commons, G. W., Spear, S. 
L., & Yanovski, J. A. (2001). Improvements in car-
diovascular risk profile with large-volume liposuc-
tion: A pilot study. Plastic and Reconstructive Sur-
gery, 108(2), 510–519; discussion 520–521.

Giordano, S., Victorzon, M., Stormi, T., & Suominen, 

E. (2014). Desire for body contouring surgery after 
bariatric surgery: Do body mass index and weight 
loss matter? Aesthetic Surgery Journal, 34(1), 96–
105.

Grilo, C. M., Wilfley, D. E., Brownell, K. D., & Rodin, 
J. (1994). Teasing, body image, and self-esteem in a 
clinical sample of obese women. Addictive Behav-
iors, 19(4), 443–450.

Gusenoff, J. A., Messing, S., O’Malley, W., & Lang-
stein, H. N. (2008). Temporal and demographic fac-
tors influencing the desire for plastic surgery after 
gastric bypass surgery. Plastic and Reconstructive 
Surgery, 121(6), 2120–2126.

Hatfield, E., & Sprecher, S. (1986). Mirror, mirror: 
The importance of looks in everyday life. Albany: 
State University of New York Press.

Hernandez, T. L., Kittelson, J. M., Law, C. K., Ketch, 
L. L., Stob, N. R., Lindstrom, R. C., et al. (2011). 
Fat redistribution following suction lipectomy: De-
fense of body fat and patterns of restoration. Obe-
sity (Silver Spring), 19(7), 1388–1395.

Kawamura, K.Y. (2011). Asian American body images. 
In T. F. Cash & L. Smolak (Eds.), Body image: A 
handbook of science, practice, and prevention (2nd 
ed., pp. 229–236). New York: Guilford Press.

Kitzinger, H. B., Abayev, S., Pittermann, A., Karle, 
B., Bohdjalian, A., Langer, F. B., et al. (2012). After 
massive weight loss: Patients’ expectations of body 
contouring surgery. Obesity Surgery, 22(4), 544–
548.

Kitzinger, H. B., Abayev, S., Pittermann, A., Karle, 
B., Kubiena, H., Bohdjalian, A., et al. (2012). The 
prevalence of body contouring surgery after gastric 
bypass surgery. Obesity Surgery, 22(1), 8–12.

Klassen, A. F., Cano, S. J., Alderman, A., Soldin, M., 
Thoma, A., Robson, S., et al. (2016). The BODY-Q: 
A patient-reported outcome instrument for weight 
loss and body contouring treatments. Plastic and 
Reconstructive Surgery Global Open, 4(4), 679–
684.

Klein, S., Fontana, L., Young, V. L., Coggan, A. R., 
Kilo, C., Patterson, B. W., et al. (2004). Absence of 
an effect of liposuction on insulin action and risk 
factors for coronary heart disease. New England 
Journal of Medicine, 350(25), 2549–2557.

Klopper, E. M., Kroese-Deutman, H. C., & Berends, 
F. J. (2014). Massive weight loss after bariatric sur-
gery and the demand (desire) for body contouring 
surgery. European Journal of Plastic Surgery, 37(2), 
103–108.

Kolotkin, R. L., Crosby, R. D., Williams, G. R., Hart-
ley, G. G., & Nicol, S. (2001). The relationship be-
tween health-related quality of life and weight loss. 
Obesity Research, 9(9), 564–571.

Larsen, M., Polat, F., Stook, F. P., Oostenbroek, R. J., 
Plaisier, P. W., & Hesp, W. L. (2007). Satisfaction 
and complications in post-bariatric surgery abdomi-
noplasty patients. Acta Chirurgiae Plasticae, 49(4), 
95–98.

Lazar, C. C., Clerc, I., Deneuve, S., Auquit-Auckbur, 
I., & Milliez, P. Y. (2009). Abdominoplasty after 
major weight loss: Improvement of quality of life 



574 AddItIonAL APProAches to And resources for the treAtMent of obesIty

and psychological status. Obesity Surgery, 19(8), 
1170–1175.

Mitchell, J. E., Crosby, R. D., Ertelt, T. W., Marino, 
J. M., Sarwer, D. B., Thompson, J. K., et al. (2008). 
The desire for body contouring surgery after bariat-
ric surgery. Obesity Surgery, 18(10), 1308–1312.

Modarressi, A., Balague, N., Huber, O., Chilcott, M., 
& Pittet-Cuenod, B. (2013). Plastic surgery after 
gastric bypass improves long-term quality of life. 
Obesity Surgery, 23(1), 24–30.

Patzer, G. L. (2007). Why physically attractive people 
are more successful: The scientific explanation, so-
cial consequences, and ethical problems. New York: 
Edwin Mellen Press.

Polivy, J., & Herman, C. P. (1992). Undieting: A pro-
gram to help people stop dieting. International Jour-
nal of Eating Disorders, 11(3), 261–268.

Rosen, J. C., Orosan, P., & Reiter, J. (1995). Cogni-
tive-behavior therapy for negative body-image in 
obese women. Behavior Therapy, 26(1), 25–42.

Roughan, P., Seddon, E., & Vernonroberts, J. (1990). 
Long-term effects of a psychologically based group 
program for women preoccupied with body-weight 
and eating behavior. International Journal of Obe-
sity, 14(2), 135–147.

Saariniemi, K. M., Salmi, A. M., Peltoniemi, H. H., 
Charpentier, P., & Kuokkanen, H. O. (2015). Does 
liposuction improve body image and symptoms of 
eating disorders? Plastic Reconstructive Surgery 
Global Open, 3(7), e461.

Saariniemi, K. M., Salmi, A. M., Peltoniemi, H. H., 
Helle, M. H., Charpentier, P., & Kuokkanen, H. O. 
(2014). Abdominoplasty improves quality of life, 
psychological distress, and eating disorder symp-
toms: A prospective study. Plastic Surgery Interna-
tional, 2014, 1–4.

Sarwer, D. B., Allison, K. C., & Dilks, R. J. (2016). 
Clinical assessment of lifestyle behavioral factors 
during weight loss treatment. In J. I. Mechanick & 
R. F. Kushner (Eds.), Lifestyle medicine (pp. 55–64). 
New York: Springer.

Sarwer, D. B., Bishop-Gilyard, C. T., & Carvajal, R. 
(2014). Quality of Life. In C. D. Still, D. B. Sarwer, 
& J. Blankenship (Eds.), The ASMBS textbook of 
bariatric surgery (Vol. 2, pp. 19–24). New York: 
Springer.

Sarwer, D. B., Didie, E. R., & Gibbons, L. M. (2006). 
Cosmetic surgery of the body. In D. B. Sarwer et al. 
(Eds.), Psychological aspects of reconstructive and 
cosmetic plastic surgery: Clinical, empirical, and 
ethical perspectives. Philadelphia: Lippincott Wil-
liams & Wilkins.

Sarwer, D. B., Dilks, R. J., & Spitzer, J. C. (2011). 
Weight loss and changes in body image. In T. F. Cash 
& L. Smolak (Eds.), Body image: A handbook of 
science, practice, and prevention (2nd ed., pp. 369–
377). New York: Guilford Press.

Sarwer, D. B., Fabricatore, A. N., Eisenberg, M. H., 
Sywulak, L. A., & Wadden, T. A. (2008). Self-re-
ported stigmatization among candidates for bar-
iatric surgery. Obesity (Silver Spring), 16(Suppl.), 
S75–S79.

Sarwer, D. B., Lavery, M., & Spitzer, J. C. (2012). A 
review of the relationships between extreme obesity, 
quality of life, and sexual function. Obesity Sur-
gery, 22(4), 668–676.

Sarwer, D. B., Pertschuk, M. J., Wadden, T. A., & 
Whitaker, L. A. (1998). Psychological investiga-
tions in cosmetic surgery: A look back and a look 
ahead. Plastic and Reconstructive Surgery, 101(4), 
1136–1142.

Sarwer, D. B., & Polonsky, H. M. (2016). Body image 
and body contouring procedures. Aesthetic Surgery 
Journal, 36, 1039–1047.

Sarwer, D. B., Spitzer, J. C., Wadden, T. A., Mitchell, 
J. E., Lancaster, K., Courcoulas, A., et al. (2014). 
Changes in sexual functioning and sex hormone 
levels in women following bariatric surgery. JAMA 
Surgery, 149(1), 26–33.

Sarwer, D. B., Spitzer, J. C., Wadden, T. A., Rosen, R. 
C., Mitchell, J. E., Lancaster, K., et al. (2013). Sex-
ual functioning and sex hormones in persons with 
extreme obesity and seeking surgical and nonsur-
gical weight loss. Surgery for Obesity and Related 
Diseases, 9(6), 997–1007.

Sarwer, D. B., Thompson, J. K., & Cash, T. F. (2005). 
Body image and obesity in adulthood. Psychiatry 
Clinics of North America, 28(1), 69–87.

Sarwer, D. B., Wadden, T. A., & Foster, G. D. (1998). 
Assessment of body image dissatisfaction in obese 
women: Specificity, severity, and clinical signifi-
cance. Journal of Consulting and Clinical Psychol-
ogy, 66(4), 651–654.

Sarwer, D. B., Wadden, T. A., Pertschuk, M. J., & 
Whitaker, L. A. (1998). Body image dissatisfaction 
and body dysmorphic disorder in 100 cosmetic sur-
gery patients. Plastic and Reconstructive Surgery, 
101(6), 1644–1649.

Schooler, D., & Lowry, L. (2011). Hispanic/Latino 
body images. In T. F. Cash & L. Smolak (Eds.), 
Body image: A handbook of science, practice, and 
prevention (2nd ed., pp. 237–243). New York: Guil-
ford Press.

Schwartz, M. B., & Brownell, K. D. (2004). Obesity 
and body image. Body Image, 1(1), 43–56.

Singh, D., Zahiri, H. R., Janes, L. E., Sabino, J., Mat-
thews, J. A., Bell, R. L., et al. (2012). Mental and phys-
ical impact of body contouring procedures on post-
bariatric surgery patients. Eplasty, 2012(12), e47.

Song, A. Y., Rubin, J. P., Thomas, V., Dudas, J. R., 
Marra, K. G., & Fernstrom, M. H. (2006). Body 
image and quality of life in post massive weight loss 
body contouring patients. Obesity (Silver Spring), 
14(9), 1626–1636.

Staalesen, T., Fagevik Olsen, M., & Elander, A. (2013). 
Experience of excess skin and desire for body con-
touring surgery in post-bariatric patients. Obesity 
Surgery, 23(10), 1632–1644.

Steffen, K. J., Sarwer, D. B., Thompson, J. K., Mueller, 
A., Baker, A. W., & Mitchell, J. E. (2012). Predictors 
of satisfaction with excess skin and desire for body 
contouring after bariatric surgery. Surgery for Obe-
sity and Related Diseases, 8(1), 92–97.

Still, C. D., Sarwer, D. B., & Blankenship, J. (2014). 



 Obesity and Body Image Dissatisfaction 575

The ASMBS textbook of bariatric surgery. New 
York: Springer.

Stunkard, A., & Mendelson, M. (1967). Obesity and 
the body image: 1. Characteristics of disturbances 
in the body image of some obese persons. American 
Journal of Psychiatry, 123(10), 1296–1300.

Swanson, E. (2012). Prospective outcome study of 360 
patients treated with liposuction, lipoabdominoplas-
ty, and abdominoplasty. Plastic and Reconstructive 
Surgery, 129(4), 965–978.

Thompson, K. J., Heinberg, L. J., Altabe, M. N., & 
Tantleff-Dunn, S. (1999). Exacting beauty: Theory, 
assessment, and treatment of body image distur-
bance. Washington, DC: American Psychological 
Association.

van den Berg, P. (2012). Body weight and body image 
in children and adolescents. In T. F. Cash (Ed.), En-
cyclopedia of body image (pp. 270–274). London: 
Elsevier.

van der Beek, E. S., Geenen, R., de Heer, F. A., van der 
Molen, A. B., & van Ramshorst, B. (2012). Qual-
ity of life long-term after body contouring surgery 
following bariatric surgery: Sustained improvement 
after 7 years. Plastic and Reconstructive Surgery, 
130(5), 1133–1139.

van der Beek, E. S., Te Riele, W., Specken, T. F., Boer-
ma, D., & van Ramshorst, B. (2010). The impact of 
reconstructive procedures following bariatric sur-
gery on patient well-being and quality of life. Obe-
sity Surgery, 20(1), 36–41.



576 

Webster’s Dictionary defines self-esteem 
as confidence and satisfaction in oneself 
(Webster’s Online Dictionary, 2015). The 
stigma associated with obesity often strips 
people defined as obese of both of these 
experiences. This is truly unfortunate, be-
cause stigmatization cripples the lives of 
these individuals in a variety of ways. Even 
more unfortunate is the fact that the nega-
tive assumptions made about overweight 
people stem from beliefs that are often inac-
curate or incorrect. Not only are people with 
above-average weight regarded as physically 
unattractive, but they are also assumed to 
be lacking in character. They are bombarded 
daily with messages implying that they are 
unacceptable, undesirable, unmotivated, un-
disciplined—un-everything. Is it any won-
der that many end up with severely wounded 
self-esteem?

The role of body size as an indicator of 
moral character stems from a variety of de-
velopments in the fields of medicine, psy-
chology, culture, and fashion that converged 
in the 1940s and 1950s. Whereas amply 
fleshed people were formerly regarded as 
cheerful, well adjusted, productive, and 
prosperous, today they are viewed as indi-
viduals with no control over their voracious 

appetites. Women feel that unless they wear 
a single-digit dress size, they are fat.

The labels assigned to larger people go 
far beyond size. People looking at an over-
weight person make countless assumptions 
about that person, based solely on his or 
her size and weight. It is assumed that he or 
she is lazy, stupid, slothful, and unclean. It 
is somewhat amazing—and praiseworthy—
that people viewed as overweight manage to 
function at all, given the barrage of negative 
messages and feedback that they encounter 
daily from society and the media. Pumping 
up the self-esteem of larger people is an es-
pecially difficult task. Those who have been 
heavy since childhood have been exposed 
to years of “fat bashing.” Most have been 
led to believe that the only way they can re-
pair their self-esteem is by losing weight—
and not just by losing a modest amount 
of weight. Most admit they would not be 
satisfied with anything less than achieving 
their “ideal weight.” The idea that they can 
maintain high self-esteem while still “amply 
proportioned” seems downright ludicrous 
to many larger people. They have been con-
ditioned by our society to believe that they 
are not entitled to self-esteem unless they 
are thin. This is perhaps the most unfortu-
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nate consequence of stigmatization, because 
most larger people will never reach an “ideal 
weight,” until science has a better under-
standing of obesity and more effective treat-
ments have been developed. So what do they 
do until that time?

This chapter is devoted to a discussion 
of obesity and self-esteem and specifically 
to what health professionals can do to help 
their larger patients elevate their self-esteem 
without first having to lose weight.

Relationship between Obesity 
and Self‑Esteem

It seems necessary to draw a distinction be-
tween self-esteem, body image satisfaction, 
and psychological health, because the re-
search treats them as different concepts. In 
terms of self-esteem, Harter (1999) found 
that perceptions of appearance and self-
worth are inextricably linked, such that per-
ceived appearance consistently emerges as 
the strongest single predictor of self-esteem 
among both male and female adolescents. A 
meta-analysis by Miller and Downey (1999) 
demonstrated that being “heavy weight” is 
negatively correlated with self-esteem. How-
ever, effect sizes were much larger for stud-
ies based on self-perceived weight than those 
based on actual weight. Effect sizes were 
also larger for women than for men, and for 
samples of people in weight loss treatment 
programs than for samples of people who 
were recruited from general populations.

However, in at least one study of college 
students, no statistically significant relation-
ship was found between body mass index 
(BMI) and self-esteem (Malkemus, Ship-
man, & Thomas, 2008). In a study of obese 
and nonobese women by Sarwer, Wadden, 
and Foster (1998), the two groups did not 
differ on self-reported symptoms of depres-
sion or self-esteem, although the vast ma-
jority of obese women demonstrated body 
image dissatisfaction related to their obesity. 
Hill (2010) concluded that the relationship 
between obesity and self-esteem is rela-
tively modest. Most research demonstrates 
a relationship between body dissatisfaction 
and lower self-esteem. Lowery et al. (2005) 
found that self-esteem was consistently re-
lated to body image dissatisfaction, and 

findings from another study indicated that 
body dissatisfaction and self-esteem were 
strongly related among nearly all groups of 
adolescents (van den Berg, Mond, Eisenberg, 
Ackard, & Neumark-Sztainer, 2010).

Regarding psychological health, Carr, 
Friedman, and Jaffe (2007) found that 
whereas many studies revealed a negative 
relationship between body weight and psy-
chological well-being, others showed either 
a positive or nonsignificant association (i.e., 
there was not a consistent, statistically sig-
nificant relationship between obesity and 
psychological outcomes). They concluded 
that excessive body weight is not necessar-
ily distressing—to the contrary, when a di-
verse range of obesity-related stressors were 
controlled, obese persons actually enjoyed 
better psychological health than their thin-
ner peers. Friedman and Brownell (1995) re-
viewed the psychological correlates of obe-
sity and found that studies comparing obese 
and non-obese persons have generally failed 
to find differences in global aspects of psy-
chological functioning. McElroy, Kotwal, 
Malhotra, and Nemeroff (2004) found that 
most overweight and obese persons in the 
community did not have mood disorders. On 
the other hand, Simon et al. (2006) observed 
positive associations—albeit modest—be-
tween obesity and a range of mood and anx-
iety disorders in a nationally representative 
sample of the United States. Other investiga-
tors also found that women reported higher 
levels of depressive symptoms if they experi-
enced loved ones being embarrassed by their 
weight, and men reported lower levels of 
self-esteem if they were disparaged by their 
sons (Puhl & Brownell, 2006).

What are the factors that at least put a 
“dent” in the self-esteem of above-average 
weight individuals?

•• There is an expectation that larger peo-
ple should have poor self-esteem and that 
only by losing weight can they gain self-es-
teem, self-confidence, and self-respect. This 
expectation acts as a self-fulfilling proph-
ecy. Larger people are expected to have low 
self-esteem, which leads them to develop 
low self-esteem based on these expectations 
(Miller, 1998). Typically, advertisements for 
diet programs make use of “before” and 
“after” photos of their “successful” custom-
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ers. These ads usually feature the now-thin 
customer lamenting that before the diet, she 
had little regard for herself; but now that she 
has lost weight, she is overflowing with self-
esteem and self-confidence. The message to 
people who are still above average weight is 
that they could not possibly feel good about 
themselves until they too have shed their 
excess pounds (and if they do claim to feel 
good about themselves in their larger bodies, 
they are accused of self-deception).

•• The popular assumption is that larger 
people lack self-discipline and don’t care 
about themselves or their appearance. The 
person with above-average weight often 
hears questions such as “Don’t you care 
about yourself?”; “Aren’t you concerned 
about your health?”; “Don’t you care what 
you look like?” Once again, the assump-
tion that larger individuals don’t care about 
themselves (or else they would lose weight) 
takes a toll on self-esteem.

•• Diet failures are regarded as personal 
failures. When a person fails to lose weight 
or loses and regains weight, the “failure” is 
generally viewed as the fault of the dieter 
rather than the flawed process of dieting or 
the fact that science does not yet fully under-
stand the condition of obesity. Dieters blame 
and chastise themselves for being weak and 
lacking “willpower.” They view themselves 
as “failures.” These feelings of failure go 
hand in hand with low self-esteem.

•• Our Western culture generally consid-
ers fatness to be unattractive. Not only are 
larger people regarded as physically un-
appealing, they are also presumed to have 
other undesirable traits, based solely on 
their size. The word fat often gets strung to-
gether with other negative adjectives. When 
larger individuals are repeatedly exposed to 
these types of negative messages, their self-
esteem suffers.

•• Size discrimination abounds in our 
society. The constant barrage of antifat 
messages from the media, criticism and in-
sults from others, social rejection, weight-
related job discrimination, and comedians 
telling fat jokes all take a heavy toll on 
the self-esteem of larger people. One very 

powerful aspect of size discrimination is 
invisibility—that is, the fact that larger 
women are significantly underrepresented 
in popular women’s magazines, in movies, 
or on TV. The message being transmitted 
to these women is that they are unaccept-
able for viewing. No one wants to see them. 
Researchers have found that more frequent 
stigmatization is correlated with lower self-
esteem (Annis, Cash, & Hrabosky, 2004; 
Carr & Friedman, 2005; Friedman et al., 
2005). Little by little, this seems to be 
changing, and we are seeing larger people 
represented more frequently in the enter-
tainment industry.

•• Perhaps the ultimate sadness for larger 
people is that they tend not to identify with 
other overweight people. Self-rejection be-
comes group rejection. This is borne out by 
the fact that children as young as 6 years 
of age have been found to label silhouettes 
of obese youngsters as lazy, stupid, cheats, 
lies, and ugly (Staffieri, 1967). But even 
more troublesome is that these judgments 
were made by obese youngsters themselves. 
One’s self-esteem is deeply injured when a 
child regards others like him- or herself with 
disgust. Most overweight people do not feel 
that they will be lifelong members of the 
obese population. They think of themselves 
as “temporarily fat,” a belief that discour-
ages group solidarity and cohesion. One of 
the reasons that diverse racial/ethnic popu-
lations have been able to make major strides 
toward equality and acceptance is that they 
do not think of themselves as temporarily 
“black” or temporarily “brown.” More im-
portantly, they do not regard their race or 
ethnicity as an unacceptable characteristic.

•• Wang, Brownell, and Wadden (2004) 
found that unlike other minority group 
members, overweight individuals do not 
appear to hold more favorable attitudes to-
ward in-group members. The overweight in-
dividuals studied were found to hold strong, 
consistently negative implicit associations 
about being overweight, and they exhibited 
no preference for in-group members. Anoth-
er study found a significant degree of anti-
fat bias among all weight groups, including 
obese persons themselves (Schwartz, Varta-
nian, Nosek, & Brownell, 2006).
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Variables That Affect Self‑Esteem 
and Body Image
Gender
Studies have shown that males are much 
less likely than women to suffer from poor 
body image (Feingold & Mazzella, 1998). 
In one study, boys were as likely to want to 
be heavier as lighter, whereas very few girls 
desired to be heavier. Only girls associated 
body dissatisfaction with the concept of self-
esteem. Male self-esteem was not affected by 
body dissatisfaction (Furnham, Badmin, & 
Sneade, 2002). Similar findings were report-
ed by Pingitore, Spring, and Garfield (1997) 
in a study of college-age men and women. 
The men were much less likely to use weight 
as a determinant of self-esteem. In one study, 
obese men actually exhibited better mental 
health than normal-weight men, whereas 
obese women reported poorer mental health 
than normal-weight women (Magallares & 
Pais-Ribeiro, 2012).

Binge Eating
It is critical for physicians and other health 
professionals to differentiate between obese 
women with binge-eating disorder (BED) 
and obese women who do not typically 
binge. Research studies show that women 
who engage in binge-eating behavior have 
much lower self-esteem and will probably 
need much more support and guidance in 
working to improve their self-esteem. It has 
been found that:

•• BED is a risk factor for depression, low 
self-worth (Steinbeck, 2009), self-discrim-
ination (Rudolph & Hilbert, 2014), and 
affective disorders (Linde, Jeffrey, Levy, 
Pronk, & Boyle, 2004).

•• Bingers, regardless of weight category, suf-
fered higher levels of depression and anxi-
ety and lower levels of self-esteem than 
non-bingers, regardless of weight category. 
In fact, obese nonbingers were indistin-
guishable on these variables from normal-
weight nonbingers (Webber, 1994).

•• Overweight girls who do not report eat-
ing-disordered attitudes and behaviors 
also do not report more depressive symp-
toms (Erickson, Robinson, Haydel, & Kil-
len, 2000).

•• Binge eating is associated with higher 
lifetime prevalence of major depression, 
panic disorder, phobias, and alcohol de-
pendence. Obese women with BED scored 
higher on neuroticism and symptom scales 
measuring depression and anxiety/phobia 
(Bulik, Sullivan, & Kendler, 2002).

•• College women with BED had signifi-
cantly greater levels of eating, weight, and 
shape concerns, and lower levels of ap-
pearance satisfaction and self-esteem than 
the non-binge-eating group (Herbozo, 
Schaefer, & Thompson, 2015).

Once again, it is important in evaluating pa-
tients to determine whether there is a prob-
lem with binge eating. If there is, it may be 
advisable to refer the patient to a practitio-
ner who specializes in treating BED.

Age of Onset
Studies have shown that a negative body 
image is more common in those with child-
hood or adolescent onset of obesity (Sarwer 
et al., 1998; Wardle, Waller, & Fox, 2002). 
Persons with early-onset obesity also report 
greater body dissatisfaction than those with 
adult-onset obesity (Grilo, Wilfley, Brownell, 
& Rodin, 1994). Furthermore, when those 
with adult-onset obesity reach a socially ac-
cepted weight, they tend to be satisfied with 
their appearance. This is not so with early-
onset individuals, many of whom appear un-
satisfied with their bodies, even if they suc-
ceed in maintaining a nearly normal body 
weight. This is most likely related to the fact 
that the body image construct develops at an 
early age and is fairly well entrenched by the 
time the child enters adolescence (Adami et 
al., 1998). Strauss (2000) found that obese 9- 
to 10-year-olds did not express differences in 
self-esteem from their nonoverweight coun-
terparts. However, when examining 13- to 
14-year-olds, there was a difference in self-
esteem between overweight adolescents and 
their healthy-weight peers. Therefore, when 
evaluating obese patients, it may be impor-
tant to inquire about their age of onset.

Ethnicity
Ethnicity also plays a role in shaping the 
self-esteem and body image of obese per-
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sons. Many studies have shown that ex-
cess weight does not significantly affect the 
self-esteem of African Americans. Chugh, 
Friedman, Clemow, and Ferrante (2013) 
found that African American women dis-
played greater self-confidence and a more 
positive body image than European Ameri-
can women, who often expressed low self-
esteem and depression concerning their 
weight. African American participants 
mostly attributed their personal self-respect 
to their family values and identification with 
other female family members who were 
overweight or obese. In another study, self-
esteem scores were similar among minority 
children regardless of their weight status 
(Wong, Mikhail, Ortiz, & Smith, 2014). Al-
though the prevailing view in popular cul-
ture and the psychological literature is that 
European American women have greater 
body dissatisfaction than women of color, 
at least one study has challenged this belief. 
In a meta-analysis conducted by Grabe and 
Hyde (2006), the authors concluded that 
European American women and women of 
color differ only slightly in terms of body 
dissatisfaction.

Treatment Seekers
Results of a variety of studies indicated that 
overweight/obese treatment seekers were 
generally more impaired than overweight/
obese nontreatment seekers on measures of 
psychological disturbance and quality of 
life (Kolotkin, Crosby, & Williams, 2002; 
Fitzgibbon, Stolley, & Kirschenbaum, 1993; 
Foster & Kendall, 1994; Fontaine, Bartlett, 
& Barofsky, 2000). Research in community 
samples suggests that despite moderate lev-
els of body dissatisfaction, few obese chil-
dren are depressed or have low self-esteem 
(Wardle, 2005). Taken together, these re-
sults remind us to avoid making generaliza-
tions about obese persons as a group, and to 
pay close attention to treatment-seeking sta-
tus when drawing conclusions about obese 
individuals.

Criticism by Family Members
Parental and family criticism of weight is as-
sociated with decreased self-esteem (Unikel 
Santoncini et al., 2012; Taylor et al., 2006). 

In one study, overweight and obese women 
were surveyed regarding the most common 
interpersonal sources of weight stigma in 
their lives. Participants were provided with 
a list of 22 different individuals and asked 
how often each individual had stigmatized 
them because of their weight. Family mem-
bers were the most frequent source of weight 
stigma, reported by 72% of participants 
(Puhl & Brownell, 2006). In another study, 
parental weight talk, particularly from 
mothers, was associated with a number of 
disordered-eating behaviors. Mothers’ diet-
ing was associated with girls’ unhealthy and 
extreme weight control behaviors. In no in-
stances were family weight talk and dieting 
variables associated with better outcomes 
for girls (Neumark-Sztainer et al., 2010).

Do Health Professionals Contribute 
to Their Patients’ Poor Self‑Esteem?

Although it may not be intentional, the at-
titudes and remarks of health professionals 
can injure the self-esteem of larger people. 
Implicit and explicit antifat bias appears 
to be as pervasive among physicians as it is 
among most people in society (Sabin, Mari-
ni, & Nosek, 2012). Physicians may become 
exasperated when patients are advised to 
lose weight and fail to do so. The experience 
is equally exasperating for above-average-
weight patients who, fearful of being “scold-
ed,” may start avoiding doctor visits. This is 
definitely not a good outcome, as preventive 
care may be delayed until problems reach an 
acute stage. The larger patient may feel that 
“even my doctor doesn’t like me,” causing 
his or her self-esteem to plummet further.

Research shows that some physicians and 
other health professionals view patients with 
above-average weight with disdain, and may 
even make insulting remarks to them. As 
early as 1969, Maddox and Leiderman found 
that more than half of physicians described 
their obese patients as weak-willed (60%), 
ugly (54%), or awkward (55%). In a 2003 
study, more than 50% of physicians who re-
sponded viewed obese patients as awkward, 
unattractive, ugly, and noncompliant. The 
authors concluded that “Primary care phy-
sicians view obesity as largely a behavioral 
problem and share our broader society’s 
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negative stereotypes about the personal at-
tributes of obese persons” (p. 1168; Foster et 
al., 2003). Teachman and Brownell (2001) 
found that health professionals associated 
overweight people with negative attributes 
such as “bad” and “lazy,” and thin people 
with positive attributes such as “good” 
and “motivated.” Schwartz, Chambliss, 
Brownell, Blair, and Billington (2003) found 
that health professionals endorsed both the 
implicit and explicit stereotypes that fat peo-
ple are lazy, stupid, and worthless.

Things do not seem to have improved sig-
nificantly. More recently, researchers mea-
sured the antifat bias of almost 400,000 
people, including more than 2,000 physi-
cians. They found that physicians’ implicit 
and explicit attitudes about weight followed 
the same antifat biases seen in large popu-
lation samples. They concluded that im-
plicit and explicit antifat bias is as pervasive 
among physicians as it is among most peo-
ple in society (Sabin et al., 2012). Tomiyama 
et al. (2015) compared levels of bias in obe-
sity specialists between 2001 and 2013. Al-
though implicit antifat attitudes appeared to 
decrease from 2001 to 2013, explicit antifat 
attitudes increased. (Tomiyama et al. define 
explicit as “consciously accessible anti-fat 
attitudes,” and implicit as “attitudes that are 
activated outside of conscious awareness” 
[p. 46].) Saguy (2013) has coined the term 
“size profiling” to refer to the assumption 
that a person has—or will develop—a par-
ticular ailment because he or she is heavy. 
Such profiling, Saguy claims, leads to false 
positives (i.e., people being either overtreat-
ed for conditions they may not have or un-
dertreated for conditions that they do have).

Even more recently, Phelan et al. (2015) 
found that many health care providers still 
hold strong negative attitudes and stereo-
types about people with obesity. Another 
study found that implicit and explicit weight 
bias is common among first-year medical 
students. Explicit attitudes were more nega-
tive toward obese people than toward racial 
minorities, gays, lesbians, and poor people 
(Phelan et al., 2014). How do larger people 
feel about the way they are treated in medi-
cal settings? In a study by Rand and Mac-
Gregor (1990), morbidly obese patients were 
asked a series of questions about how they 
had been treated by various members of so-

ciety. One such item was, “I have been treat-
ed disrespectfully by the medical profession 
because of weight.” Only 6% of patients 
responded “never,” whereas 79% respond-
ed either “usually” or “always.” In a later 
study by Wadden et al. (2000), the majority 
of obese women did not report being treated 
disrespectfully or insensitively by their phy-
sicians when weight management was dis-
cussed. Additional research has suggested 
that higher patient BMIs are associated with 
lower physician respect (Huizinga, Cooper, 
Bleich, Clark, & Beach, 2009). Gudzune, 
Huizinga, and Cooper (2011) found few dif-
ferences in ratings of the patient–provider 
relationship for overweight and obese re-
spondents when compared to respondents 
with a normal-range BMI. However, in an 
experiment using audiotapes of patient vis-
its, these same researchers found that as 
BMI increased, patients were significantly 
more likely to overestimate physician respect 
(Gudzune, Huizinga, Beach, & Cooper, 
2012). The tapes showed that although doc-
tors provided the same basic information to 
all patients, including those who were over-
weight, they were far less empathic with the 
overweight group.

The mental health profession is not im-
mune to this type of prejudice. The disci-
pline of psychology commonly assumes that 
larger people are emotionally stunted and 
that they eat to compensate for a variety of 
problems. However, studies have failed to 
uncover greater degrees of psychopathology 
in obese women who are not suffering from 
BED. Psychologist Eleanor Webber (1994) 
cautions her colleagues to examine their 
own prejudices and to advocate for a reduc-
tion in the tendency to stereotype obese peo-
ple in terms of presumed psychological char-
acteristics. Disrespectful treatment can lead 
people with above-average weight to avoid 
going to the doctor. Drury and Louis (2002) 
found that an increase in BMI was associat-
ed with an increase in the delay/avoidance of 
health care. Weight-related reasons for de-
laying/avoiding health care included having 
gained weight since the last health care visit, 
not wanting to get weighed on the provider’s 
scale, and knowing they would be told to 
lose weight.

In another study, obese women reported 
that they delayed cancer-screening tests. 



582 AddItIonAL APProAches to And resources for the treAtMent of obesIty

Factors contributing to this avoidance in-
cluded disrespectful treatment, embarrass-
ment at being weighed, negative attitudes of 
providers, unsolicited advice to lose weight, 
and medical equipment that was too small 
to be functional. The percentage of women 
who reported these barriers increased as the 
women’s BMIs increased (Amy, Aalborg, 
Lyons, & Keranen, 2006). In a review of 
English language journal articles published 
between 1990 and 2012 that addressed the 
question “Is being overweight or obese an 
unrecognized factor in healthcare avoid-
ance?,” a positive relationship was found 
between obesity and health care avoidance 
(McGuigan & Wilkinson, 2015).

Consequences of Poor Self‑Esteem

Poor self-esteem can have significant and 
harmful consequences for the overweight 
person. Among these consequences are the 
following:

•• Postponement of life. People who are 
waiting to be thin postpone all sorts of ac-
tivities because they feel that they will be 
much better equipped to handle major life 
challenges in a slim body. They avoid social 
events, career opportunities, travel, relation-
ships—even buying attractive clothes. They 
especially avoid activities such as going 
shopping or going to the beach, where they 
feel as if they are being observed (Hughes 
& Degher, 1993). These individuals literally 
put their lives “on hold.” Researchers have 
found that many larger people use this type 
of avoidance behavior to disengage from 
negative feedback, which, over time, may 
result in chronic disengagement in multiple 
areas of living (Major & Schmader, 1998). 
The danger in this type of behavior is that 
the majority of overweight people are prob-
ably not going to achieve the weight they 
would consider “ideal” for moving ahead 
with their lives, given the present status of 
our knowledge about obesity and its treat-
ment. This means that if they continue to 
put their lives on hold, there is a good chance 
they will never achieve many of their goals 
and aspirations.

•• Poor choices and decisions. Larger 
people often feel inferior, which leads them 

to make poor choices and decisions in many 
areas of their lives, especially when it comes 
to romantic relationships. Larger women, in 
particular, may be so grateful for any atten-
tion paid to them by a potential romantic 
partner that they settle for relationships that 
are far from ideal. They may even come to 
feel that they are not deserving of a qual-
ity relationship. The same phenomenon can 
occur in other areas, such as employment, 
although job discrimination against the 
obese may have as much to do with this as 
personal feelings of inferiority. Neverthe-
less, lacking self-confidence, larger individu-
als may avoid life opportunities that involve 
any sort of challenge, risk, or chance for 
advancement. In young people, it has been 
found that obese adolescents with self-es-
teem difficulties are more likely to engage in 
risky behaviors such as smoking and drink-
ing alcohol (Strauss, 2000).

•• Sabotage of good relationships. Rela-
tionships can suffer even when one partner 
does not object to the other partner’s ample 
weight. A larger woman may be heard to ex-
claim, “What could he possibly see in me? 
Why would he want someone like me?” The 
larger wife with shaky self-esteem may not 
want to accompany her husband to social 
gatherings. She may avoid going places with 
her children. Her family may become frus-
trated with her, not because of her weight, 
but because of her unhappiness with herself 
and how it affects them.

•• The “doormat” syndrome. Many larger 
people become “people pleasers,” wanting 
everyone to like them. They feel that they 
have to, in essence, pull extra duty to make 
up for their excess pounds. They may allow 
people to take advantage of them and find 
it difficult to be assertive in their responses.

The Importance of Self‑Esteem 
to Effective Weight Management

Positive self-esteem and effective weight 
management should exist as a partnership. 
Common sense would seem to dictate that 
people with high self-regard have a vest-
ed interest in taking good physical care of 
themselves. Conversely, those with low self-
esteem have little motivation to practice 
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good self-care. Self-loathing constitutes a 
shaky foundation for the development of a 
healthy lifestyle.

Some experts believe it is a myth that 
weight loss is the only way you can come 
to accept your body. It has been suggested 
that people who need to lose weight in order 
to improve their health should separate the 
goals of weight loss and body acceptance. 
Body image expert Thomas Cash (1997) 
believes that the ability to lose weight may 
be strengthened by first learning to have a 
positive relationship with one’s imperfect 
body. When University of Vermont research-
ers studied obese persons following a group 
body image therapy program, they found 
that participants showed great improvement 
in how they felt about their bodies—without 
reductions in their weight (Cash, 1997). An-
other 12-week group body image program 
produced the same type of positive results. 
The participants indicated that the explora-
tion of related cultural issues and informa-
tion about normal eating and set points had 
the greatest influence on changes in their at-
titudes and behaviors (Ciliska, 1998). More 
recently, an international team of research-
ers found that diet success can depend on 
how much you love your body—whatever 
shape it is—not how much you hate it. Their 
results showed a strong correlation between 
improvements in body image, especially in 
reducing anxiety about other peoples’ opin-
ions, and positive changes in eating behav-
ior. The authors concluded, “Results suggest 
that improving body image, particularly by 
reducing its salience in one’s personal life, 
might play a role in enhancing eating self-
regulation during weight control. Accord-
ingly, future weight loss interventions could 
benefit from proactively addressing body 
image-related issues as part of their proto-
cols.” (Carraça et al., 2011, p. 1).

Helping Individuals with Obesity Achieve 
Better Self‑Esteem

Crocker, Cornwell, and Major (1993) con-
cluded that individuals who attribute mis-
treatment to another person’s anti-obese 
prejudice are less likely to experience nega-
tive psychological consequences than are 
persons with obesity who internalize nega-
tive stereotypes and attribute their negative 

experiences to an enduring personal trait. 
The latter individuals are far more likely 
to suffer psychological distress. However, 
there has not been much scientific research 
on how to improve the self-esteem of people 
with above-average weight. The popular 
prejudices cited earlier are probably contrib-
uting factors and beg the question, “Why 
bother?” Losing weight will improve their 
self-esteem, so why bother investing re-
sources in research that will teach them how 
to feel better about themselves while they 
still occupy larger bodies? The ideal solution 
would be to eliminate size prejudice, but as 
Quinn and Crocker (1998) pointed out:

Research on the stigmatized may be criticized 
for focusing too much on what to change 
about the stigmatized and not enough on how 
to change the culture. Although we would 
like to see the culture changed such that being 
overweight and feeling overweight is no longer 
stigmatizing, there is little evidence that our 
culture is moving in that direction. (p. 141)

For now, overweight individuals will 
probably have to take responsibility for cul-
tivating their own self-esteem, but how do 
they do that? There is a small body of re-
search directed at identifying which char-
acteristics distinguish overweight people 
with good self-esteem from those with poor 
self-esteem. Some researchers have tried to 
identify and define what makes some larger 
people more resilient to the psychological 
distress caused by the stigma of being over-
weight. Some of the major findings that dis-
tinguish overweight individuals with good 
self-esteem from those with low self-esteem 
include the following:

•• Those who are more resilient realize 
that not all outcomes are deserved and not 
all things (including weight) are under per-
sonal control. The idea that personal respon-
sibility governs all aspects of our lives can be 
harmful when applied to weight, because it 
leads people to believe that diet failures are 
personal failures. This is not to suggest that 
personal responsibility should be abdicated. 
It simply means that there is a point when 
some people realize that, despite their very 
best efforts, the desired outcome may not be 
achievable and that this is not their “fault.” 
Many diseases cannot be cured, not because 
the patient did anything wrong, but because 
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medical science has not yet discovered how 
to effectively treat and cure them. Amato, 
Crocker, and Major (1995) found that over-
weight women who received information on 
uncontrollable aspects of obesity were bet-
ter able to attribute rejection to weight prej-
udice, not their own failing. However, this 
knowledge did not necessarily improve their 
self-regard. The authors concluded:

Believing that weight is controllable may be a 
double-edged sword. On one hand, it encour-
ages overweight people to interpret rejection 
as revealing prejudice, instead of a personal 
failing, and this protects self-esteem. On the 
other hand, it may create a sense of power-
lessness or hopelessness about the prospect of 
weight loss.

In one study, the most vulnerable children 
were those who believed that they were re-
sponsible for their above-average weight (an 
internal cause, i.e., overeating or not exercis-
ing enough). More positive self-esteem was 
seen in children with above-average weight 
who attributed their weight to an external 
cause (i.e., medical grounds or a familial 
predisposition), and those children who did 
not believe that their weight influenced the 
outcome of their social interactions (Pierce 
& Wardle, 1997).

•• Does providing information on the un-
controllability of obesity reduce stigma and 
prejudice toward obese persons? One of the 
experiments in a study by Puhl, Schwartz, 
and Brownell (2005) found that reading 
about the uncontrollable causes of obesity 
did decrease beliefs that obesity is caused by 
personally controllable factors. But does this 
information reduce bias? Informing study 
participants that obesity is caused mainly by 
genetic factors did not result in lower bias 
(Teachman, Gapinski, Brownell, Rawlins, 
& Jeyaram, 2003). Anesbury and Tigge-
mann (2000) found that providing children 
with information on the uncontrollabil-
ity of weight was successful in reducing the 
amount of controllability that children as-
signed to obesity, but it was not successful in 
reducing negative stereotyping of the obese. 
In a more recent study, information about 
weight controllability had no effect on levels 
of prejudice in either the controllable or un-
controllable conditions (Thorsteinsson, Loi, 
& Breadsell, 2016).

•• Larger individuals show greater resil-
ience to weight-based prejudice when they 
are able to blame the bias and prejudice of 
critics rather than themselves. Those who 
are able to avoid being stigmatized may pro-
tect their self-esteem by accusing their crit-
ics of being prejudiced rather than taking 
the blame for the negative attitudes directed 
against them. Thus, an overweight person 
who fails to get a job might conclude that 
the potential employer is prejudiced against 
fat people rather than concluding that he or 
she did not interview well.

•• Resilience is greater among overweight 
individuals who are able to reject or ignore 
society’s dictates about acceptable body 
weight. Some racial/ethnic groups have been 
successful at doing this. White women rated 
large women, especially large white women, 
lower on attractiveness, intelligence, job 
success, relationship success, happiness, and 
popularity than they did average or thin 
women. By contrast, black women did not 
show the same denigration of large women, 
and this was especially true when they were 
rating large black women (Hebl & Heath-
erton, 1998). In another study, Parker and 
colleagues observed that black girls focused 
on factors such as personal style and pre-
sentation in addition to body size/weight 
when evaluating their attractiveness (Parker 
et al., 1995). This multifaceted definition of 
beauty may promote both a greater invest-
ment in appearance and greater satisfaction 
with overall appearance regardless of body 
weight.

•• Resilience intensifies in those who do 
not base their self-regard on others’ approv-
al. Individuals whose self-esteem is highly 
dependent on receiving praise and approval 
from others are vulnerable to low self-esteem 
when they fail to receive positive evaluations. 
Basing one’s self-esteem on these reflected 
appraisals is especially risky and leads to 
self-esteem that is transient and fluctuates 
depending on what sort of feedback one is 
receiving from others (Quinn & Crocker, 
1998). Those who can tune all this out and 
build their self-esteem from self-appraisal 
and self-knowledge will find that their self-
esteem rests on solid ground. Finally, resil-
ient overweight people do not view other 
overweight individuals with dislike or dis-
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gust. They have not internalized the negative 
stereotypes about overweight people. Re-
search by Crandall (1994) on “anti-fat atti-
tudes” showed that fat and lean people were 
equally likely to have antifat attitudes. Dis-
liking overweight people when one is a mem-
ber of the group seems risky for self-esteem, 
especially given the actual difficulty of ever 
leaving the group (Quinn & Crocker, 1998).

Advice to Health Professionals

What can health professionals do to make 
sure they are not contributing to poor self-
esteem in persons of above-average weight 
(see Table 36.1)? What can be done in the 
context of the medical setting to assure that 
larger patients are treated with respect, com-
passion, and understanding? The National 
Task Force on the Prevention and Treatment 
of Obesity (2002) concluded:

Physicians may be concerned that encouraging 
self-acceptance in obese patients will under-
mine efforts aimed at producing weight loss 
that can significantly improve health. Self-ac-
ceptance, however, need not imply complacen-
cy or the failure to heed well-founded advice 
about reducing health risks of obesity. A more 
constructive view is to focus on promoting 
self-acceptance and lifestyle changes aimed 
at improving health behaviors. Encouraging 
patients to lead as full and active a life as pos-
sible, regardless of their body weight or suc-
cess at weight control, may help patients make 
positive changes such as increasing physical 
activity. (p. 87)

Additional suggestion for health profession-
als include the following:

•• Consider that patients may have had 
negative experiences with other health pro-
fessionals regarding their weight, and ap-
proach patients with sensitivity. Recognize 
that many patients have already tried to lose 
weight repeatedly.

•• Recognize the complex etiology of obe-
sity and communicate this to colleagues and 
patients. Avoid the stereotype that obesity 
is attributable to personal willpower. Make 
sure that you stay up-to-date on the con-
temporary obesity research. Providers who 
understand the complex web of causality 

have more positive attitudes about patients 
with obesity (O’Brien, Puhl, Latner, Mir, & 
Hunter, 2010). Be sure your entire staff is 
educated. Consider offering your staff mem-
bers training in obesity sensitivity.

•• Listen carefully to the patient’s present-
ing problem(s) independent of weight, and 
don’t attribute every health problem to ex-
cess weight. Consider this statement from 
an article in a VA newsletter: “You could 
walk in with an ax sticking out of your head 
and they [medical professionals] would tell 
you your head hurt because you’re fat” (U.S. 
Department of Veterans Affairs, 2015). Ex-
plore all causes of presenting problems. Al-
though obesity may be a contributing factor 
in conditions such as hypertension, diabetes, 
and joint problems, many thin people have 
high blood pressure, back problems, knee 
problems, and the like.

•• Don’t assume that the larger patient is 
simply eating too much. Some may be, but 
many are not. On the other hand, it is im-
portant to determine whether the patient is 
suffering from BED, in which case he or she 
may need to be referred to an eating disorder 
specialist.

•• Give the same advice to obese patients 
as you would to nonobese patients present-
ing with the same types of problems. Don’t 
just say, “Lose weight and come back in 6 
months.” If medication is warranted (and 
would be prescribed for a thin person with 
the same problem), write a prescription. 
Weight management can still be part of the 
overall treatment plan, but at least the ben-
efits of medication can begin immediately.

•• Don’t blame the patient for a less than 
desired outcome. There is still a great deal to 
learn about obesity, and the patient can’t be 
blamed for that.

•• Focus on overall health and non-
weight-related outcomes, such as improve-
ment in blood pressure, glycemic control, 
or lipid values. Given the poor prognosis 
for the long-term management of obesity, 
clinicians and health care providers need to 
expand their foci to include strategies other 
than weight management alone (Jeffery et 
al., 2000).
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•• Congratulate and praise patients for 
making healthy changes no matter what 
the scale says. The patient who has not 
yet achieved a significant weight change, 
but is making incremental behavior 
changes, needs encouragement and recog-
nition. For example, congratulate patients 
for lowering their HbA1C, even though 
they have not lost any significant amount 
of weight.

•• Don’t set a goal weight for the next visit. 
If the patient hasn’t reached it, he or she may 
not return. Patients who are told to lose a 
specified amount of weight and aren’t able 
to achieve it often are afraid to come back. 
Rather than focusing on “ideal” weights, 
talk to the patient about “healthy” weights, 
and the fact that even a 5–10% loss can con-
fer significant health benefits. Avoidance of 
further weight gain can also be a goal.

TABLE 36.1. The Terminology of Weight

What terms are most commonly used?

1. Obese, overweight: The medical profession has traditionally preferred to use the terms obese 
and overweight probably because they can be quantified. The most common way to find out 
whether you’re overweight or obese is to figure out your body mass index (BMI). BMI is an 
estimate of body fat. According to the CDC:

  If your BMI is between 25 and < 30 kg/m2, it falls within the overweight range.

  If your BMI is ≥ 30 kg/m2, it falls within the obese range.

 The problem is that the word obese has an unpleasant ring to it and has become offensive to 
many larger people. The label morbidly obese is even more odious. The term overweight causes 
some to ask, “Over whose weight?” What is overweight for one person may constitute a healthy 
weight for another person.

2. Fat: Some size-acceptance advocates prefer to be referred to as fat. They are determined to 
remove the stigma and negativity from this word, but despite their well-intended efforts, many 
larger people still do not want to be called fat. The history of negative connotations that often 
accompanies this word is too long and painful.

3. Large, big, heavy: These words are more neutral and acceptable in popular jargon, but may pose 
difficulties in the medical setting because they are not quantifiable.

What does the research say?

Volger et al. (2012) sought to identify terms that obese individuals who were treated in primary 
care would find the most and least acceptable for describing their excess weight. Ratings of 11 
terms used to describe excess weight were transformed into a 5-point scale, ranging from “very 
desirable” to “very undesirable.” The term fatness was rated as significantly more undesirable 
than all other descriptors. The terms excess fat, large size, obesity, and heaviness were rated as 
significantly more undesirable than the remaining terms, which included weight problem, BMI, and 
excess weight. In contrast, the term weight was viewed as the most desirable term for characterizing 
excess weight. In another study of public preferences and perceptions of weight-based terminology, 
the terms morbidly obese, fat, and obese were rated as the most undesirable, stigmatizing, and 
blaming (Puhl, Peterson, & Luedicke, 2013). Practitioners may want to consider broaching the 
topic using more patient-friendly terms such as weight, BMI, weight problem, or excess weight.

Some additional alternatives

1. Above-average weight: Physicians could consider saying, “Your weight is above average for your 
height and build.” It is a nonjudgmental term and also has a mathematical basis.

2. Healthy weight: More and more, patients are being advised to strive for a “healthy weight” as 
opposed to an “ideal weight.” Ideal weights have traditionally been based on height–weight 
charts and leave no room for individual differences based on genetics and physiology. For many 
larger people, these “ideal weights” are neither attainable nor maintainable. Research has 
shown that a “healthy weight” can often be achieved with a weight loss of 5–10%. Rather than 
setting arbitrary weight loss goals, the physician and his or her patient can act as partners in 
determining what would constitute a “healthy weight” for that individual patient.

 

Note. It is likely that personal preferences of patients will vary, so it can be helpful to ask them about preferred 
terms before discussing body weight issues. CDC, Centers for disease Control and Prevention.
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•• Create a supportive health care envi-
ronment with large, armless chairs in wait-
ing and exam rooms, and appropriately 
sized medical equipment and patient gowns. 
There is nothing more humiliating to larger 
patients than being given gowns that don’t 
cover them. Use a large blood pressure cuff 
when appropriate. For more information on 
finding appropriately sized medical equip-
ment, contact the Rudd Center for Food 
Policy & Obesity at rudd.center@uconn.edu 
or phone 860/380-1000.

•• Do not insist on weighing larger pa-
tients. Some patients avoid medical care be-
cause they fear being weighed, and because 
of their concerns about negative comments 
that are sometimes made. If a larger patient 
comes in with a sore throat, there may be 
no need to obtain a weight. Of course, there 
are situations, such as preparation for an-
esthesia, that require weighing. Even then, 
the patient can always be given the option of 
“not looking.”

•• Fitness may ameliorate some of the 
health risks associated with obesity (Blair 
& Brodney, 1999; Lee, Blair, & Jackson, 
1999). Although obese patients may be re-
luctant to engage in physical activity because 
of discomfort or embarrassment, physicians 
can encourage slow, gradual increases in 
physical activity. A brochure entitled “Ac-
tive at Any Size,” written for very large per-
sons and containing tips for becoming more 
active, is available from the Weight-Control 
Information Network at 800/860-8747 or 
healthinfo@niddk.nih.gov.

•• Because weight loss outcomes are often 
so poor, some physicians are reluctant to 
discuss weight or weight management at 
all. However, the concern is that most prac-
titioners, according to their patients, offer 
little or no guidance for weight management 
(Wadden et al., 2000). Ask your overweight 
patients if they want to discuss their weight. 
This gives them a chance to tell you about 
their past efforts. You can tell them that the 
research on obesity is still progressing, that 
some factors are uncontrollable, but that 
there is still a lot they can do to improve 
their health. The National Task Force on the 
Prevention and Treatment of Obesity (2002) 
recommends soliciting permission to discuss 

weight issues; asking about the patient’s 
weight history and how excess weight has 
affected his or her life; and being careful to 
communicate a nonjudgmental attitude that 
distinguishes between the weight problem 
and the patient with the problem (National 
Task Force on the Treatment and Prevention 
of Obesity, 2002).

•• Consider posting a mission statement 
that includes “size acceptance” as one of 
your values.

•• Tell your patients that they don’t need 
to lose one pound to be worthwhile people, 
deserving of love, respect, and self-esteem.

Finally, an important resource for health 
care providers who would like to learn more 
about weight bias and stigma is the Rudd 
Center for Food Policy & Obesity at the 
University of Connecticut (www.uconn-
ruddcenter.org). If you go to their web-
site, click on “What We Do” and then on 
“Weight Bias and Stigma.”

A Final Note to Health Professionals

Physicians and other health professionals 
are in a unique position to help overweight 
and obese people repair their self-esteem. 
You are the authority. You have credibility. 
You can give your patients accurate infor-
mation about issues of size and weight. You 
can tell them that it’s not their fault. You can 
explain to them that science is still searching 
for answers. You can help them to develop 
a healthy lifestyle, and let them know that 
effective weight management doesn’t have to 
mean losing huge amounts of weight. You 
can teach them that their weight is not a 
measure of their self-worth. You, perhaps 
more than anyone, can help them restore 
their self-esteem to good health!
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Today, 42 million infants and young chil-
dren worldwide are affected by overweight 
and obesity (World Health Organization, 
2016). Obesity at a young age puts children 
at increased risk of premature onset of seri-
ous chronic diseases such as type 2 diabe-
tes, cardiovascular disease, certain cancers, 
osteoarthritis, and sleep apnea (Office of 
the Surgeon General, 2010). Data from the 
Bogalusa Heart Study showed that 61% of 
overweight 5- to 10-year-olds already car-
ried at least one risk factor for heart disease, 
and 26% of them had two or more risk fac-
tors (Freedman, Dietz, Srinivasan, & Beren-
son, 1999). For the first time, the current 
generation of children in the United States 
may not live as long as their parents due to 
the negative effects of obesity on health and 
longevity (Olshansky et al., 2005). Obesity 
not only leads to a decreased lifespan, but 
has also been shown to be associated with 
a decreased quality of life (Buttitta, Iliescu, 
Rousseau, & Guerrien, 2014; Griffiths, 
Parsons, & Hill, 2010). Children with obe-
sity are at risk of being teased and bullied 
by their peers, which can adversely affect 
their psychological, social, and academic 
development and lead to decreased self-es-

teem, negative body image, and depression. 
This chapter provides an overview of cur-
rent prevalence rates of obesity among U.S. 
children and discusses select early-life risk 
 factors, genetic and environmental influ-
ences, and behavioral phenotypes that have 
been implicated in the development of the 
disease.

Prevalence of Childhood Obesity 
and Tracking into Adulthood

Childhood obesity rates have tripled in the 
last 30 years and have reached an all-time 
high, with 17.4% of U.S. children and ado-
lescents between the ages of 2 and 19 years 
being considered obese (body mass index 
[BMI] for age ≥ 95th percentile; Ogden & 
Carroll, 2010; Skinner, Perrin, & Skelton, 
2016). Recent data also confirm that there 
has been a statistically significant increase 
in all classes of obesity, including severe obe-
sity, despite continued clinical and policy ef-
forts to prevent childhood obesity. In 2013–
2014, nearly 10% of adolescents met criteria 
for class 2 obesity (≥ 120% of the 95th per-
centile or BMI ≥ 35 kg/m2), and nearly 5% 
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also met criteria for class 3 obesity (≥ 140% 
of the 95th percentile or BMI ≥ 40 kg/m2). 
Youth with severe obesity are of particu-
lar concern, as they are at increased risk of 
developing cardiometabolic comorbidities 
(Skinner, Perrin, Moss, & Skelton, 2015).

There are significant racial and socioeco-
nomic disparities in obesity rates, with mi-
nority children and youth from low-income 
households being disproportionately affect-
ed by the disease. Based on data from the 
2011–2012 National Health and Nutrition 
Examination Survey (NHANES), 20.2% 
non-Hispanic black and 22.4% Hispanic 
youth, ages 2–19 years, were considered 
obese, compared with 14.1% of non-His-
panic white youth (Ogden, Carroll, Kit, & 
Flegal, 2014). Further, rates of severe obe-
sity (BMI for age ≥ 99th percentile) were ap-
proximately 1.7 times higher among youth 
from families with greater poverty, com-
pared with youth from families of higher so-
cioeconomic status (Skelton, Cook, Auinger, 
Klein, & Barlow, 2009).

Development of obesity during early 
childhood is a public health concern not 
only because it puts children at increased 
risk for adverse health outcomes, but also 
because obesity during childhood has been 
shown to track into adulthood. Data from 
a retrospective cohort study showed that 
the probability of being obese as a young 
adult (i.e., ages 21–29) increased with the 
age of the obese child and was higher at all 
child ages, ranging from 1 to 17 years, for 
children who exceeded the 95th percentile 
for BMI for age (Whitaker, Wright, Pepe, 
 Seidel, & Dietz, 1997). More specifically, 
after 6 years of age, the probability of being 
obese as a young adult exceeded 50% for 
obese children as compared with 10% for 
nonobese children. For older youth, there is 
a 70% chance that an overweight adolescent 
will be overweight or obese as an adult.

The tracking of childhood obesity into 
adulthood is a severe public health concern 
that calls for early prevention efforts. Over 
the past few decades, great progress has been 
made in the identification of early-life risk 
factors that are associated with childhood 
obesity. Some of these risk factors come into 
play during early childhood or even earlier, 
before the baby is born.

Early‑Life Risk Factors
Maternal Prepregnancy BMI, Gestational 
Weight Gain, and Parental Weight Status
Parental weight status and maternal weight 
status, in particular, have been identified 
as important predictors of offspring weight 
status during early childhood. One of these 
risk factors concerns the weight status at 
which expecting mothers enter pregnancy. 
A landmark longitudinal study of growth 
and development followed infants who were 
born at high or low risk of obesity on the 
basis of maternal prepregnancy body weight 
(Berkowitz, Stallings, Maislin, & Stunkard, 
2005). Infants who were born to mothers 
who, before pregnancy, were overweight 
or obese were classified as “high risk”; in-
fants who were born to mothers who were 
normal weight prepregnancy were classified 
as “low risk.” As early as age 4 years old, 
high-risk children, when compared to low-
risk children, showed a significantly greater 
body weight, BMI, waist circumference, and 
lean body mass. By age 6, high-risk chil-
dren differed significantly in all weight- and 
adiposity-related outcomes from low-risk 
children, including differences in fat mass, 
percent body fat, and the sum of four skin-
fold thicknesses. At the age of 6, 10 of the 33 
(30.3%) high-risk children were considered 
overweight or obese compared with 1 of 37 
(2.7%) low-risk children (odds ratio [OR]: 
15.7). These between-group differences in 
weight and adiposity outcomes persisted 
over time and point to important metabolic, 
genetic, and environmental influences af-
fecting child growth patterns.

Maternal weight status at the outset of 
pregnancy is not the only factor that can in-
fluence child weight outcomes. Data are also 
emerging that identify gestational weight 
gain over the course of the pregnancy as 
an important determinant of infants’ birth 
weight and subsequent weight development 
(Lau, Liu, Archer, & McDonald, 2014; Woo 
Baidal et al., 2016). A woman’s prepreg-
nancy weight status determines how much 
weight she should gain during pregnancy. 
The higher a woman’s weight is entering 
pregnancy, the less weight she needs to gain 
over the course of the pregnancy (Institute 
of Medicine, 2009). An analysis based on 
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cross-sectional, population-based data from 
the 2010/2011 Pregnancy Risk Assessment 
Monitoring System showed that maternal 
prepregnancy BMI was strongly associated 
with weight gain that exceeded the Insti-
tute of Medicine’s (IOM) recommendations 
(Deputy, Sharma, Kim, & Hinkle, 2015). 
Overweight women and those with class 1 
obesity (BMI 30.0–34.9 kg/m2) showed the 
highest prevalence (~64%) of excessive ges-
tational weight gain and were nearly three 
times as likely to exceed the weight gain 
recommendations compared with normal-
weight women. Excess gestational weight 
gain during pregnancy, in turn, has been 
identified as an early risk factor for obesi-
ty in the offspring during early childhood. 
Based on data from a prospective cohort 
study, exceeding the IOM gestational weight 
gain recommendations was associated with 
a 46% increase in odds of having an over-
weight or obese child at ages 2–5 years (Srid-
har et al., 2014).

One potential mechanism underlying the 
association between maternal weight status 
(before and during pregnancy) and child-
hood obesity involves in utero fetal pro-
gramming by nutritional stimuli (Taylor & 
Poston, 2007). Fetal programming in utero 
postulates that fetuses may adapt to the sup-
ply (deficit or abundance) of nutrients cross-
ing the placenta, and these adaptations may 
permanently change fetuses’ physiology and 
metabolism, which in turn may represent 
the origins of later life diseases and morbid-
ity.

Parental weight status continues to exert a 
pronounced effect on offspring weight out-
comes once the child is born. Data from a 
prospective cohort study showed that chil-
dren of mothers with obesity were at a three-
fold increased risk of developing obesity 
during childhood (Strauss & Knight, 1999). 
Evidence is also emerging that suggests that 
parental obesity continues to exert its effect 
on offspring weight outcomes beyond child-
hood into adulthood. In a landmark study, 
Whitaker et al. (1997) showed that both 
obese and nonobese children, ages 1–17, 
were at greater risk for obesity as adults if 
at least one parent was obese. Their data 
further indicated that parental obesity more 
than doubled the risk of adult obesity among 

both obese and nonobese children under 10 
years of age.

Weight‑ and Nutrition‑Related Risk Factors 
during Early Infancy
The first months of life have been identified 
as a critical period in infancy for the devel-
opment of obesity. Both the rate at which 
infants gain weight during the first year and 
early feeding practices can have important 
implications for their weight development 
during childhood and later adulthood.

Rapid weight gain during the first 6–12 
months of an infant’s life has been shown to 
confer an increased risk of obesity. Specifi-
cally, a meta-analysis by Druet et al. (2012) 
showed that each +1 unit increase in weight 
standard deviation scores between 0 and 1 
year of age conferred a twofold higher risk 
of childhood obesity and a 23% higher risk 
of adult obesity. Proposed mechanisms that 
may underlie the association between rapid 
weight gain and an increased obesity risk 
involve early feeding practices (e.g., breast-
feeding vs. formula feeding), early expres-
sion of a genetic predisposition to excess 
weight gain (Stettler, Kumanyika, Katz, 
Zemel, & Stallings, 2003), hyperphagic eat-
ing traits (e.g., vigorous sucking behavior; 
Stunkard, Berkowitz, Stallings, & Schoeller, 
1999), and long-term changes in hypotha-
lamic appetite regulating centers and insulin 
secretion (Plagemann et al., 1999; Water-
land & Garza, 2002).

The American Academy of Pediatrics 
(2012) recommends exclusive breastfeed-
ing during an infant’s first 6 months of life. 
Data from the Centers for Disease Control 
and Prevention (CDC) National Immuniza-
tion Survey indicated that 43.3% of infants 
born in 2012 were breastfed exclusively for 
3 months and only 21.9% were breastfed ex-
clusively for 6 months (Centers for Disease 
Control and Prevention, 2016). Some, but 
not all studies, have pointed to a potentially 
protective effect of breastfeeding on the de-
velopment of overweight and obesity during 
childhood (Marseglia et al., 2015). A meta-
analysis by Arenz and colleagues showed 
that initiation of breastfeeding resulted in a 
modest but significant overall reduced risk 
of childhood obesity (OR: 0.78) (Arenz, 
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Ruckerl, Koletzko, & von Kries, 2004). The 
data further showed that for each month of 
breastfeeding (up to 9 months), the odds of 
child overweight decreased by 4%. Several 
mechanisms have been proposed that may 
be implicated in the association between 
breastfeeding and a modest reduction in risk 
of later overweight and obesity. Breastfeed-
ing, when compared with formula feeding, 
may confer a protective effect on excess 
weight gain by promoting infants’ self-regu-
lation of energy intake and/or by promoting 
more favorable metabolic outcomes (Bartok 
& Ventura, 2009). Formula-fed infants have 
been shown to have higher protein and total 
energy intakes and differences in the release 
of pancreatic and gut hormones, including 
higher plasma levels of insulin, which can 
stimulate fat deposition (Heinig, Nommsen, 
Peerson, Lonnerdal, & Dewey, 1993; Lucas 
et al., 1980; Whitehead, 1995).

The timing in which solid foods are intro-
duced has also been identified as a potential 
risk factor for overweight and obesity during 
childhood, particularly among formula-fed 
infants (Huh, Rifas-Shiman, Taveras, Oken, 
& Gillman, 2011). However, a recent longi-
tudinal analysis of 1,181 youths who partici-
pated in the Infant Feeding Practices Study 
II refuted this association (Barrera, Perrine, 
Li, & Scanlon, 2016). Results of this study 
showed that the odds of obesity among in-
fants introduced to solids at < 4 months of 
age, compared to those introduced between 
4 and 6 months of age, was not significantly 
associated with subsequent obesity when 
controlling for maternal and child charac-
teristics.

In summary, several early-life risk factors 
have been identified that pose an increased 
risk for later obesity in the offspring. Some 
of these risk factors are conferred by par-
ents and include their own weight status 
and early feeding practices, whereas others 
pertain to characteristics of the child and in-
clude early growth patterns and behavioral 
traits. Children’s body weight and eating be-
haviors are tightly regulated by a complex 
interplay of both genetic and environmental 
factors. There is growing evidence that sug-
gests that a genetic susceptibility interacts 
with factors in children’s early environment 
to predispose some children to overeating 
and excess weight gain.

Heredity
Human body weight and body composition 
are highly heritable. Genetic factors are es-
timated to explain between 70 and 80% of 
the variance in child and adolescent BMI 
(Maes, Neale, & Eaves, 1997). Single gene 
mutations associated with extreme obesity 
are rare, affecting less than 5% of individu-
als with severe obesity (Ranadive & Vaisse, 
2008). A recent genomewide association me-
ta-analysis of 14 studies identified two novel 
loci (i.e., OLFM4 at 13q14 and HOXB5 at 
17q21) that were associated with common 
early-onset childhood obesity (Bradfield 
et al., 2012) (Figure 37.1). More common 
than single gene mutations are gene variants 
(polymorphisms) in candidate genes that 
have a functional role in regulating central 
and peripheral pathways controlling energy 
balance. Many of these candidate genes en-
code hormones, peptides, and neurons that 
are implicated in the regulation of hunger, 
fullness, and food intake. Examples of such 
a gene polymorphism are the variants of the 
fat mass and obesity-associated gene (FTO), 
which has been shown to play an important 
role in the regulation of food intake, satiety, 
body weight, and fat mass in children and 
adolescents (Bradfield et al., 2012; Cecil, 
Tavendale, Watt, Hetherington, & Palmer, 
2008; Wardle et al., 2008). For example, a 
study by Wardle and colleagues with pre-
school children from the Twin Early Devel-
opment Study (TEDS) showed that children 
with higher-risk (AA) FTO alleles consumed 
significantly more snacks in the absence of 
hunger when compared to children with a 
more protective (TT) genotype, an effect 
that was independent of children’s weight 
status (Wardle, Llewellyn, Sanderson, & 
Plomin, 2009).

Evidence is also emerging that suggests 
that several behavioral traits, including 
hyperphagic eating traits that may lead to 
excess weight gain in children, are shared 
among nuclear family members and are 
heritable. For example, heritability has been 
established in children for the rate of eating 
(heritability estimate [h2] = 62%; Llewellyn, 
van Jaarsveld, Boniface, Carnell, & Wardle, 
2008), food cue (h2 = 75%), satiety (h2 = 
63%) responsiveness (Carnell, Haworth, 
Plomin, & Wardle, 2008), and eating in the 
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absence of hunger (EAH; h2 = 51%; Fisher et 
al., 2007). In a seminal study by Faith and 
colleagues, 36 monozygotic (MZ) and 18 di-
zygotic (DZ) twins consumed an ad libitum 
lunch in the laboratory, during which they 
could freely select from a variety of foods 
and beverages at a multi-item buffet (Faith, 
Rha, Neale, & Allison, 1999). The results of 
this study showed that MZ twins were more 
similar in caloric intake than DZ twins, 
with genetic variations accounting for 24–
33% of variance in age- and sex-adjusted 
total caloric intake at the meal. Similarly, in 
a study conducted in weight-discordant sib-
lings, overweight and obese siblings showed 
poorer caloric compensation (i.e., inaccurate 
adjustments in intake at a test meal in re-
sponse to changes in the energy density [ED; 
kcal/g] of a compulsory preload) and sig-
nificantly more eating EAH when compared 
to their normal-weight siblings (Kral et al., 
2012). Data from this study also showed fa-
milial associations for both eating traits that 
were significant for full siblings but not for 

half-siblings, which suggests that genetic in-
fluences may underlie both of these eating 
traits.

Together, these examples illustrate that 
the regulation of body weight and energy 
intake in children is partly under genetic 
control. Although genetic predispositions 
may increase some children’s susceptibility 
to overeating and excess weight gain, evi-
dence also suggests that aspects of the obe-
sogenic food environment can greatly affect 
children’s food choices and consumption be-
haviors.

Obesogenic Food Environment

The current food environment offers easy 
access to large portions of inexpensive, en-
ergy-dense foods and beverages. Based on 
data from the NHANES, food purchases 
at stores and full- and quick-service restau-
rants accounted for approximately 85% of 
daily calories consumed among youth be-

FIGURE 37.1. Manhattan plot of the results from a meta-analysis of genomewide association studies 
(GWAS) for childhood obesity for loci that achieved genomewide significance (p < 5 × 10–8). From 
Bradfield, Taal, Timpson, Scherag, Lecoeur, Warrington, et al. (2012). A genome-wide association 
meta-analysis identifies new childhood obesity loci. Nature Genetics, 44(5), 526–531. Reprinted by 
permission from Macmillan Publishers Ltd. Copyright © 2012 Macmillan Publishers Ltd.
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tween 6 and 19 years of age (Drewnowski 
& Rehm, 2013). A recent analysis based 
on intercept surveys of children’s purchases 
outside urban corner stores further showed 
that youth in grades 4–6 shop at corner 
stores frequently and purchase energy-dense 
snacks and sugar-sweetened beverages that 
average 357 calories for a total cost of just 
$1.07 (Borradaile et al., 2009) (Figure 37.2). 
The relatively inexpensive cost of energy-
dense foods and sugar-sweetened beverages 
often results from pricing strategies that pro-
mote the sale of large food portions. Food 
retailers commonly structure meal prices in 
such a way that the per unit cost of foods 
and beverages is lowest for larger portion 
sizes—a strategy known as value size pric-
ing (Vermeer, Alting, Steenhuis, & Seidell, 
2010).

The portion size of foods and beverages 
has been identified as a risk factor for in-
creased energy intake in both children and 
adults (Rolls, 2010). Laboratory-based ex-
perimental studies have shown that children 
as young as 2 years of age significantly in-
creased their energy intake when larger por-
tions of a main entrée were served (Birch, 
Savage, & Fisher, 2015; Fisher, 2007). Data 
from a study by Kral and colleagues with 8- 
to 10-year old children further showed that 

when the portion size of a sugar-sweetened 
beverage that was served at a meal was dou-
bled from 10 fluid ounces to 20 fluid ounc-
es, calories consumed from that beverage 
increased by 33% (Kral, Remiker, Strutz, 
& Moore, 2014). Current estimates sug-
gest that children ages 2–12 years consume 
as many as 30% of their daily calories from 
salty and sugary snacks, and up to 40% 
when sugar-sweetened beverages are added 
in (Bleich & Wolfson, 2015; Piernas & Pop-
kin, 2010). There is strong epidemiological 
and experimental evidence for the inde-
pendent roles of sugar-sweetened beverage 
intake (DeBoer, Scharf, & Demmer, 2013; 
Malik, Pan, Willett, & Hu, 2013; Malik, 
Schulze, & Hu, 2006) and increased snack-
ing frequency (Barlow, 2007; Davis et al., 
2007; Kuhl, Clifford, & Stark, 2012; Lar-
son & Story, 2013) in the promotion of ex-
cess weight gain and obesity in children and 
adolescents. Therefore, a sustained exposure 
to large portions of these types of energy-
dense foods and beverages can lead to excess 
weight gain in children.

Children who reside in lower-income 
neighborhoods may be especially affected by 
the obesogenic environment, in part because 
impoverished neighborhoods are often char-
acterized by an overabundance of high-en-

FIGURE 37.2. Total items (by type of item) purchased in urban corner stores by children in grades 4– 6. 
Data based on 833 intercept surveys conducted before and after school. Reproduced with permission 
from Borradaile, Sherman, Vander Veur, McCoy, Sandoval, Nachmani, et al. (2009). Snacking in chil-
dren: The role of urban corner stores. Pediatrics, 124(5), 1293–1298. Copyright © 2009 the American 
Academy of Pediatrics.
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ergy, nutrient-poor foods (i.e., food swamp), 
while providing less access to a full-service 
supermarket or large grocery store (i.e., food 
desert). Additionally, high rates of poverty 
have been shown to adversely affect chil-
dren’s weight outcomes. Based on nationally 
representative data from NHANES, rates of 
severe obesity (BMI for age ≥ 99th percen-
tile) were 1.7 times higher among youth from 
families with greater poverty, compared 
with youth from families of higher socioeco-
nomic status (Skelton et al., 2009). One of 
the factors that has been implicated in the 
relationship between poverty and obesity is 
food insecurity. Food insecurity refers to the 
“limited or uncertain availability of nutri-
tionally adequate and safe foods or limited 
or uncertain ability to acquire acceptable 
foods in socially acceptable ways” (Expert 
Panel, 1990, p. 1,598). Food insecurity may 
increase the odds of obesity due to a variety 
of factors, including limited resources; limit-
ed access to healthy, affordable foods; cycles 
of food deprivation and overeating; fewer 
opportunities for physical activity; greater 
exposure to marketing of energy-dense food 
products; and higher levels of stress, anxiety, 
and deprivation (Hartline-Grafton, 2015).

In summary, a sustained exposure to obe-
sogenic food environments in which large 
portions of foods and beverages are readily 
available and easily accessible can shape chil-
dren’s food choices and consumption pat-
terns in profound ways. Children not only 
learn about consumption and (oversized) 
portion size norms, but they may adopt eat-
ing behaviors that disrupt their energy in-
take regulation. Energy-dense, nutrient-poor 
foods and snacks, as well as sugar-sweetened 
drinks, are often heavily marketed to chil-
dren and their families. Brownell and Battle 
Horgen (2004) provide a thorough review of 
the influence of the food industry, as well as 
food marketing and advertising campaigns, 
on shaping unhealthy food and beverage 
consumption behaviors in children.

Eating Phenotypes

Experimental research has identified several 
behavioral traits in children that are linked 
to overeating and excess weight gain (Fish-

er & Kral, 2008; French, Epstein, Jeffery, 
Blundell, & Wardle, 2012; Kral & Faith, 
2009). These behavioral traits are believed 
to be shaped by an interaction between biol-
ogy (genetics) and factors in children’s early 
environment (nurture). One characteristic 
that many of these behavioral traits have 
in common is that they are believed to dis-
rupt children’s internal regulation of hunger 
and fullness. Early ingestive behavior re-
search suggested that humans are born with 
an innate ability to regulate energy intake. 
In a classic experiment by Fomon and col-
leagues, two groups of male infants, ages 6 
and 16 weeks, were fed infant formulas that 
differed in ED (67 kcal/dl vs. 133 kcal/dl) 
(Fomon, Filer, Thomas, Rogers, & Proksch, 
1969). The study showed that the quantity 
consumed by infants fed the high-ED for-
mula was substantially less compared to 
the quantity consumed by infants fed the 
low-ED formula. Energy intakes (expressed 
as kcal/kg) did not differ significantly be-
tween the two feeding groups, which sug-
gests that infants were able to compensate 
for the greater or lesser ED by adjusting the 
amounts of formula consumed.

Young children’s ability to regulate energy 
intake appears to deteriorate with age, as 
they become more exposed to and influenced 
by food and social cues in the environment. 
The use of certain caregiver feeding practic-
es has also been shown to have the potential 
to impair children’s self-regulation of energy 
intake. For example, studies that investigat-
ed individual differences in children’s ability 
to regulate energy intake showed that poorer 
caloric compensation ability was associated 
with increased child weight status (Johnson 
& Birch, 1994; Kral et al., 2012), increased 
child age (Cecil et al., 2005), and overly con-
trolling parental feeding practices (e.g., food 
restriction; Tripicchio et al., 2014).

Another eating phenotype that has been 
associated with overeating and excess 
weight gain in children is EAH, which refers 
to children’s susceptibility to eating when 
satiated in response to the presence of pal-
atable, energy-dense snack foods (Cutting, 
Fisher, Grimm-Thomas, & Birch, 1999). 
EAH is a behavioral eating trait that in-
creases short-term energy intake (Fisher & 
Birch, 1999b, 2000) and is associated with 
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an increased risk of overweight in children 
(Fisher & Birch, 2002; Fisher et al., 2007; 
Kral et al., 2012). The trait appears to be 
stable during childhood (Birch, Fisher, & 
Davison, 2003; Fisher & Birch, 2002), heri-
table (Fisher et al., 2007), and is increased 
in children whose caregivers use restrictive 
feeding practices and increased monitoring 
(Birch et al., 2003; Fisher & Birch, 1999a).

Besides behavioral traits that reflect low 
avoidance tendencies such as impaired sati-
ety, additional traits reflect high approach 
tendencies toward food, which can emerge 
early in life. For example, the vigor of infant 
sucking behavior has been identified as an 
early predictor of increased weight status 
and adiposity during early childhood. In a 
longitudinal study for growth and develop-
ment, infants born at high risk for obesity 
on the basis of maternal prepregnancy BMI 
showed significant differences in nutritive 
sucking behavior when compared to infants 
born at low risk for obesity (Stunkard et al., 
1999). When feeding infants either received 
breast milk or their customary formula from 
a nutritive sucking apparatus, high-risk in-
fants showed significantly greater total in-
takes (150g ± 57 vs. 123g ± 48), total num-
ber of sucks (920 ± 559 sucks vs. 620 ± 293 
sucks), and higher sucking rates (0.75 sucks/
sec ± 0.25 vs. 0.59 sucks/sec ± 0.26) than 
low-risk infants. Nutrient sucking behavior 
and daily energy intake at 3 months of age 
explained ~17% of the variability in infants’ 
weight, weight for length, body fat, fat-free 
mass, and skinfold thickness at 12 months of 
age. When the same cohort of children was 
studied several years later, investigators as-
sessed the association between children’s rate 
of eating during a test meal in the laboratory 
and their weight status. The results indicated 
that a higher rate of eating at 4 years of age, 
expressed as mouthfuls of food per minute, 
predicted child overweight status at 6 years 
of age, as well as excess weight gain from 
ages 4 to 6 years (Berkowitz et al., 2010).

In sum, several behavioral traits have been 
identified that are believed to be shaped both 
by genes and the environment, and can lead 
to excess calorie intake and weight gain dur-
ing early childhood. We note, however, that 
the relationship between behavioral eating 
traits and children’s early upbringing and 

environment is believed to be bidirectional. 
That is, caregivers and the greater environ-
ment may help shape child eating traits, 
but caregivers may also be responding to 
children’s individual traits, and/or children 
themselves may be seeking out food environ-
ments that meet their individual appetitive 
predispositions (Carnell & Wardle, 2008).

Energy Expenditure
Physical Activity and Sedentary Behavior
The association between physical activ-
ity, sedentary behaviors, and adiposity in 
youth has been studied extensively. Com-
mon assumptions postulate that overweight/
obese children and adolescents spend less 
time in moderate-to-vigorous physical ac-
tivity (MVPA) and more time in sedentary 
activities compared to their normal-weight 
peers, but data supporting these differences 
are mixed. Several studies, especially those 
examining child behaviors in the free-living 
environment, showed lower levels of physi-
cal activity and MVPA in overweight and 
obese children (Colley et al., 2011; Lazzer 
et al., 2003). Other studies, however, failed 
to find a negative association between body 
fat and physical activity (Wilks, Besson, 
Lindroos, & Ekelund, 2011) or found that 
overweight and obese youth were expend-
ing as much, if not more, energy than lean 
youth due to the higher metabolic cost of 
movement (Maffeis, Zaffanello, Pinelli, & 
Schutz, 1996). Evidence also points to po-
tential sex and age differences in physical 
activity behaviors among youth of different 
weight statuses (Belcher et al., 2010; Colley 
et al., 2011). For example, data from the Ca-
nadian Health Measures Survey (CHMS) in-
dicated that overweight and obese youth did 
not differ significantly in amounts of time 
spent in sedentary behavior, but overweight 
and obese boys, but not girls, engaged in sig-
nificantly less MVPA per day than normal-
weight children (Colley et al., 2011).

Metabolic Rate
There has also been considerable interest in 
whether low metabolic rate, perhaps because 
of more efficient energy utilization, may be 
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a risk factor for the development of obesity 
in infancy and early childhood. Early data 
by Roberts and colleagues showed that in-
fants who were born to mothers with obe-
sity, and who had a low total energy expen-
diture (TEE) at 3 months of age, became 
overweight at age 1 year, whereas infants 
who were born to mothers with or without 
obesity and who had a higher TEE did not 
(Roberts, Savage, Coward, Chew, & Lucas, 
1988). No significant associations between 
children’s resting energy expenditure (REE) 
and obesity were reported in this study.

However, other studies failed to show a 
relationship between low TEE and the de-
velopment of obesity. For example, a longi-
tudinal study of 38 infants who were born to 
normal-weight mothers and 40 infants who 
were born to mothers with obesity found no 
relationship between TEE and REE and in-
fant body weight and weight gain at 1 year 
of age (Stunkard et al., 1999). Data from the 
same cohort of children also failed to show a 
significant association between TEE during 
the first 6 years of life and child BMI for age 
percentile, BMI z-score, and percent body 
fat at age 8 (Zinkel et al., 2016). Data from 
other studies showed that TEE and post-
prandial REE were not related to fat mass 
in preschool children (Goran et al., 1995) 
and preadolescents (Goran et al., 1998), 
providing further evidence that a low TEE 
may play a limited role in the development of 
obesity during infancy and childhood.

Summary

In summary, there are multiple, complex 
routes to the development of overweight 
and obesity in children. For many of these 
routes, genetic predispositions interact with 
factors in the environment to affect chil-
dren’s eating and physical activity behaviors 
and weight development. New evidence sug-
gests that risk factors for childhood obesity 
emerge even before a child is born, which 
calls for early prevention efforts. Given the 
severe physical and mental health risks as-
sociated with childhood obesity, concerted 
efforts are needed by many partners, includ-
ing government and industry, to address this 
complex public health problem.
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The upward trend in obesity prevalence 
in U.S. youth (ages 2–19 years) has pla-
teaued during the last decade. However, 
the prevalence remains high at 17.0% as of 
2011–2014, and trends vary by age group 
(Ogden et al., 2016). As seen in Figure 
38.1, from 1988–1994 to 2011–2014 the 
prevalence of obesity increased and then 
declined in early childhood (ages 2–5 years) 
to 9.4%, increased then remained stable in 
ages 6–11 years at 17.4%, and increased in 
12- to 19-year-olds to 20.6% (Ogden et al., 
2016). Globally, childhood obesity rates are 
rising, particularly in developing countries 
(Malik, Willett, & Hu, 2013). Childhood 
obesity has significant negative impacts on 
physical and psychological health (Pulgar-
ón, 2013).

Given the tracking of childhood obesity 
to adult obesity (Singh, Mulder, Twisk, Van 
Mechelen, & Chinapaw, 2008) and the mod-
est long-term success of behavioral treat-
ments for obesity (Wadden, Webb, Moran, 
& Bailer, 2012), significant attention has 
been directed toward the prevention of obe-
sity in youth. The treatment of childhood 
obesity has largely been addressed in clinical 
settings, whether through behavioral (Bal-
antekin, Wilfley, & Epstein, Chapter 39, 

this volume), pharmacological (Berkowitz 
& Chao, Chapter 40, this volume), or sur-
gical approaches (Beamish & Inge, Chapter 
41, this volume). This chapter focuses on 
studies that targeted the prevention of child-
hood obesity in community settings (e.g., 
child care, schools, and community centers) 
with a focus on randomized controlled tri-
als (RCTs). This is a narrative review, since 
comprehensive or systematic reviews of the 
literature on the prevention of childhood 
obesity already exist (Wang et al., 2013). 
All studies reviewed in the current chapter 
reported at least one relative-weight mea-
sure such as obesity prevalence, remission 
or incidence of obesity, body mass index 
(BMI), waist circumference, percent body 
fat, or BMI z-score. Studies that included 
only health behavior outcomes (e.g., dietary 
intake, physical activity) or obesity-related 
clinical outcomes (e.g., blood pressure) but 
not weight outcomes were not reviewed, in 
order to narrow the focus to interventions 
that directly affect obesity. In some cases, 
novel trials that were quasi-controlled are 
included. The chapter is organized around 
three age groups: early childhood (birth–5 
years), childhood (ages 6–12 years), and ad-
olescence (ages 13–17 years).
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Obesity Prevention Trials 
in Preschool‑Age Children (Birth–5 Years)

Community-based obesity prevention pro-
grams in preschool-age children have pre-
dominantly focused on the early childhood 
education and child care settings. These in-
terventions can be grouped into two main 
types: interventions that specifically target 
weight-related behaviors (e.g., a focused 
nutrition and physical activity intervention 
at child care centers) and interventions that 
promote early childhood education in gener-
al, without a specialized emphasis on eating 
and activity (e.g., Head Start).

Targeted Interventions
Studies that have focused specifically on 
obesity-related behaviors have used a vari-
ety of techniques to improve nutrition and 
physical activity within child care settings. 
The Hip-Hop to Health Jr. efficacy trial 
used teacher training with weekly supervi-
sion meetings, nutrition education puppet 
shows, and songs with exercise routines. 
The study also included culturally relevant 
foods, music, and recipes (Fitzgibbon et al., 

2005). Approximately 400 predominantly 
black preschoolers (ages 3–5 years) from 
12 Head Start programs in Chicago par-
ticipated in the RCT. Six of the preschools 
were randomized to the weight control in-
tervention and six to a general health educa-
tion control group. The preschoolers in the 
weight control group received Hip-Hop to 
Health Jr., a 14-week intervention, and en-
gaged in 40-minute lessons three times per 
week that consisted of 20 minutes focused 
on healthy eating and 20 minutes of physi-
cal activity. The lessons were delivered by 
highly trained visiting educators. Parents in 
those schools were sent weekly newsletters 
with content that mirrored that week’s class-
room lessons and a homework assignment 
that helped parents with behavioral methods 
(e.g., self-monitoring, problem solving).

Those in the general health education con-
trol group also had 14 weeks of program-
ming, but there was only one 20-minute les-
son per week, and the topics were focused 
on a variety of health concepts (e.g., dental 
health, seat belt safety, how 911 works). 
Two-year follow-up results of this efficacy 
trial showed significantly smaller increases 
in BMI and BMI z-score in the intervention 
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FIGURE 38.1. Trends in obesity prevalence among children and adolescents in the United States, 1988–
1994 through 2013–2014. Based on data from Ogden et al. (2016).
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group compared to the control group (0.54 
vs. 1.08 kg/m2, respectively; Fitzgibbon et 
al., 2005). When this successful trial was 
adapted to an effectiveness RCT and imple-
mented with school teachers in 18 Chicago 
Head Start preschools (N = 618 children, 
94% black), there was no difference between 
intervention and control groups in BMI and 
BMI z-score at 14 weeks (Fitzgibbon et al., 
2011). Another translation of Hip-Hop 
to Health Jr. with 331 Latino children in 
12 preschools, also in Chicago, similarly 
showed no changes in BMI or BMI z-score 
at 2-year follow-up (Fitzgibbon et al., 2006).

The TigerKids RCT enrolled over 2,000 
5- to 6-year-old children from 64 kinder-
garten classes in four regions of Germany 
(Bayer et al., 2009). The kindergartens were 
randomized in a 2:1 ratio to intervention 
or assessment-only control. The children 
in 42 kindergartens (2,089 children) re-
ceived TigerKids. The 1-year intervention 
included informational modules with songs, 
increased fruits and vegetables throughout 
the day, encouragement to drink water in-
stead of sugar-sweetened beverages (SSBs), 
and newsletters and a website to provide 
teachers and families with additional infor-
mation. Twenty-two kindergartens (1,125 
children) were assessment-only controls. 
One cluster of 1,318 children was assessed 
after approximately 6 months, and a second 
cluster of 1,340 students was assessed after 
approximately 18 months. Neither cluster 
showed significant differences in the preva-
lence of overweight and obesity between the 
intervention and control groups.

More recent trials have also not found 
effects on BMI. The CHILE (Child Health 
Initiative for Lifelong Eating and Exercise) 
RCT in New Mexico enrolled 1,898 children 
in 16 Head Start programs. Eight Head Start 
programs received a 2-year multifaceted life-
style intervention that included individual, 
social, community, and policy targets (Davis 
et al., 2016). Components included curricu-
lum for kids; quarterly professional develop-
ment training with teachers and food service 
staff; policy changes to food preparation 
techniques; family engagement; and partner-
ships with local health care providers and a 
local grocery store to emphasize healthy eat-
ing and physical activity, while also increas-

ing access to healthy foods and recipes while 
shopping. The other eight Head Start pro-
grams were assessment-only controls. After 
2 years, there were no significant differences 
in BMI z-score between the intervention 
and control group. One RCT in Switzer-
land randomized 40 preschool classes in 30 
schools (N = 652 children) in a one-to-one 
ratio to a multidimensional intervention or 
assessment-only control. The culturally tai-
lored intervention included a physical ac-
tivity classroom program; a curriculum on 
nutrition, screen time, and sleep; and class 
environment changes that promoted physi-
cal activity, such as equipment and games 
(e.g., climbing walls, hammocks, balls, 
stilts, a “movement corner”). There was no 
difference between intervention and control 
groups on BMI, but there were small differ-
ences between groups in percentage body fat 
(–1.1%) and waist circumference (–1.0 cm) 
(Puder et al., 2011).

In summary, RCTs that have evaluated 
specifically targeted physical activity and 
healthy eating changes in child care cen-
ters have shown very little effect on weight-
based outcomes. Systematic reviews of tra-
ditional obesity prevention RCTs in child 
care settings (Wang et al., 2013) and RCTs 
with preschool-age children across settings 
(Ling, Robbins, & Wen, 2016; Monasta et 
al., 2011) reveal a similar lack of effects.

General Early‑Childhood Education
In addition to targeted interventions that 
occur in child care settings, there has been 
a parallel focus on how general early-child-
hood education itself could impact obesity 
without any supplemental or specific nutri-
tion and physical activity programming. 
Such an approach is appealing because of 
its easier scalability (no special training, use 
of existing staff and curriculum, etc.). Head 
Start participation is a popular example, but 
there are no RCTs that examine the effect 
of Head Start on weight (U.S. Department 
of Health and Human Services, Administra-
tion for Children and Families, 2010). There 
are two small-scale RCTs that investigated 
the effect of high-intensity (e.g., 2 years with 
daily interactive education, weekly 90-min-
ute home visits, teachers with master’s de-
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grees) early-childhood education programs: 
the Perry Preschool Program (Muennig, 
Schweinhart, Montie, & Neidell, 2009) and 
the Carolina Abecedarian Project (Campbell 
et al., 2014). Although these trials provid-
ed long-term follow-ups (37 years and ~30 
years, respectively), their small sample sizes 
(N = 66–103), multiple hypothesis testing, 
and differential attrition greatly limit their 
utility in determining effectiveness. Neither 
program showed a benefit of general early-
childhood education on obesity prevalence 
or BMI, despite intensive intervention. This 
limited literature suggests that early child-
hood education programs do not impact 
childhood obesity.

Taken together, these studies suggest 
that community-based obesity prevention 
programs in early childhood do not affect 
weight outcomes. Where effects have been 
found in efficacy trials (Fitzgibbon et al., 
2005), they have not translated to effective-
ness trials (Fitzgibbon et al., 2011), or ef-

fects were so small that their clinical impact 
is questionable (Puder et al., 2011). Early 
childhood programs may have benefits on 
outcomes that are not weight-based (e.g., 
health behaviors, academic outcomes), but 
any claims about obesity prevention are 
without empirical support.

Obesity Prevention Trials in Childhood 
(6–12 Years)

As the social–ecological model in Figure 
38.2 depicts, food and activity decisions are 
influenced by many multilevel factors. Once 
children reach school age, their environ-
ments broaden. They are learning, eating, 
and playing in many more places, including 
schools, summer camps, community centers, 
local businesses, and in the family home 
(U.S. Department of Health and Human 
Services & U.S. Department of Agriculture, 
2015).

FIGURE 38.2. A social–ecological model for food and physical activity decisions. Based on Figure 3-1 
from the U.S. Department of Health and Human Services and U.S. Department of Agriculture (2015).
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School‑Based Obesity 
Prevention Interventions
As Table 38.1 demonstrates, the majority of 
research to date has focused on schools, al-
though obesity prevention interventions have 
been evaluated across many settings. Given 
the amount of time that children spend in 

schools, it seems intuitive that childhood 
obesity prevention programs would focus on 
the school environment as an important lever 
in altering eating and activity habits. Meta-
analytic studies of school-based RCTs have 
shown inconsistent effects on weight (Brown 
& Summerbell, 2009; Cook- Cottone, 

TABLE 38.1. Comparative Effectiveness of Childhood Obesity Prevention Interventions 
across Settings

Setting Intervention Conclusion SOE

School Diet Benefit Moderate

Physical activity Benefit Moderate

Combination No conclusion, inconsistent results Insufficient

School–home Diet Not enough evidence to reach conclusion Insufficient

Physical activity Benefit High

Combination Benefit Moderate

School–home–community Physical activity Not enough evidence to reach conclusion Insufficient

Combination Benefit High

School–community Diet Not enough evidence to reach conclusion Insufficient

Physical activity Not enough evidence to reach conclusion Insufficient

Combination Benefit Moderate

School–CHI Physical activity No conclusion, inconsistent results Insufficient

Combination No conclusion, inconsistent results Insufficient

School–home–CHI Combination Not enough evidence to reach conclusion Insufficient

Home Diet Not enough evidence to reach conclusion Insufficient

Combination No benefit Low

Home–school–community Combination Not enough evidence to reach conclusion Insufficient

Home–PC–CHI Combination Not enough evidence to reach conclusion Insufficient

PC Combination Not enough evidence to reach conclusion Insufficient

CC Combination No benefit Low

Physical activity Not enough evidence to reach conclusion Insufficient

Community Physical activity Not enough evidence to reach conclusion Insufficient

Community–school Combination Benefit Moderate

Community–school–home Combination Not enough evidence to reach conclusion Insufficient

Community–home Combination No conclusion, high risk of bias studies Insufficient

Community–home–PC–CC Combination Not enough evidence to reach conclusion Insufficient

Note. Combination, combination of diet and physical activity intervention; CHI, consumer health information; CC, child 
care; PC, primary care; SOE, strength of evidence. Reprinted from Wang et al. (2013). Reprinted by permission.
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Feeley, & Baran, 2009; Gonzalez- Suarez, 
Worley, Grimmer-Somers, & Dones, 2009; 
Katz, O’Connell, Njike, Yeh, & Nawaz, 
2008; Sobol-Goldberg, Rabinowitz, & 
Gross, 2013; Wang et al., 2013). To il-
lustrate the range of school-based studies, 
three traditional, comprehensive, large-scale 
school-based RCTs that were not found ef-
fective are described (Bright Start, CATCH, 
and HEALTHY), as well as two that did 
show positive effects (MATCH; Lazorick, 
Fang, & Crawford, 2016; Cao, Wang, & 
Chen, 2015).

The Bright Start study was an RCT that 
enrolled more than 400 American Indian 
kindergarten children from 14 schools on 
the Pine Ridge Reservation in South Da-
kota (Story et al., 2012). The schools were 
randomized to the Bright Start interven-
tion or assessment-only controls. The inter-
vention started in kindergarten and lasted 
through the end of first grade. Bright Start 
included activities focused on physical activ-
ity, healthy eating, and family engagement. 
The physical activity component aimed 
to increase physical activity to at least 60 
minutes of moderate-to-vigorous physical 
activity (MVPA) per day, and consisted of 
nature walks, in-class “action breaks,” and 
active recess, incorporating American In-
dian music and Lakota words throughout. 
The healthy eating component focused on 
increasing fruits and vegetables and decreas-
ing SSBs and high-fat foods. This compo-
nent was implemented primarily through 
the school cafeteria offerings and serving 
style (e.g., offer 1% milk before 2% milk) 
and the replacement of classroom snack re-
wards with nonfood rewards. Families were 
engaged through three family nights that 
provided behavioral messages regarding 
physical activity, healthy eating, and limit-
ing screen time. The primary outcomes were 
BMI, percentage of body fat, and prevalence 
of overweight and obesity. At the end of first 
grade, there were no significant differences 
between the intervention and control stu-
dents in BMI or percentage body fat. How-
ever, Bright Start did significantly decrease 
the incidence of overweight in the interven-
tion group compared to the control group 
(13.4 vs. 24.8%), though there was not a sig-
nificant change in the corresponding preva-
lence of obesity.

In the early 1990s, the CATCH (Child 
and Adolescent Trial for Cardiovascular 
Health) RCT enrolled 5,106 third through 
fifth graders (69.0% white) in 96 schools 
across the United Schools (Luepker et al., 
1996). The 56 schools randomized to the 
intervention group received CATCH, a com-
prehensive 3-year program focused on both 
the school and family environments. The 
school-based components focused on all 
parts of the day. For food service, the total 
fat content of meals was lowered to 30%, 
saturated fat content to 10%, and sodium to 
600–1,000 mg, while maintaining participa-
tion in school meal programs and retaining 
taste. For physical education (PE) classes, PE 
specialists were trained in ways to increase 
the amount of enjoyable MVPA to 40% of 
the class. For classroom curricula, over 50 
lessons were dedicated to skill development 
around eating behaviors and physical activ-
ity habits. The family-based component con-
sisted of 19 activity packets (that could not 
be completed without adult participation) 
sent home to complement the classroom les-
sons and “family fun nights” at the school 
to highlight healthy snacks, healthy reci-
pes, and fun games. The 40 control schools 
were assessment-only and received the usual 
health lessons, PE classes, and food service. 
Despite the successful implementation of 
CATCH (intervention schools increased the 
MVPA in PE classes and decreased the en-
ergy intake from fat in school lunches com-
pared to control schools), the changes in 
food intake and physical activity were mod-
est, and there were no significant differences 
in weight, BMI, or skinfolds between the in-
tervention and control students.

From 2006 to 2009, the HEALTHY 
study enrolled more than 4,600 sixth grad-
ers (54.2% Hispanic, 18.0% black) from 42 
schools across the United States (HEALTHY 
Study Group, 2010). The 21 intervention 
schools received a 3-year multicomponent in-
tervention, HEALTHY (www.healthystudy.
org), which focused on nutrition, physical 
activity, behavioral knowledge and skills, 
and communications and social market-
ing. The nutrition component focused on 
the quantity and quality of the food served 
throughout the school, including in the caf-
eteria, vending machines, classroom celebra-
tions, and school stores. This component 
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also promoted single-serving-size packages; 
water instead of SSBs; and increased servings 
of fruits, vegetables, and legumes. The physi-
cal activity intervention focused on increas-
ing the amount of MVPA time in PE classes 
by training the teachers in class management 
and motivation techniques and outlining 
sports-based units. The behavior interven-
tion used brief classroom activities (FLASH: 
fun learning activities for student health) and 
family outreach to increase self-awareness, 
knowledge, and behavioral skills such as 
goal-setting and self-monitoring. Lastly, the 
communication strategy consisted of school-
wide campaigns featuring student-generated 
media that reflected the themes of choice, 
strength, and balance. These media promi-
nently featured students from the participat-
ing schools. The other 21 schools served as 
assessment-only controls.

At the end of the 3 years, there was a 
decrease in the primary outcome, the com-
bined prevalence of overweight and obesity, 
in both the intervention and control groups. 
However, there was no difference between 
groups. There were significantly greater 
reductions in the weight-related second-
ary outcomes of BMI z-score and percent-
age of students with waist circumference in 
the 90th percentile or higher, and a nearly 
significant greater reduction in prevalence 
of obesity (p = .05) in intervention students 
when compared to controls. In a preplanned 

subgroup analysis of students who started 
out the study as overweight/obese (49.5% of 
total sample), those in intervention schools 
had significantly greater decreases in the 
prevalence of overweight and obesity com-
pared to the control schools (16.5 vs. 15.9%).

More consistently positive results come 
from a smaller and quasi-experimental 
study of the MATCH (Motivating Adoles-
cents with Technology to Choose Health) 
intervention from 2009 (Lazorick, Fang, & 
Crawford, 2016). The study showed signifi-
cant differences in the weight trajectories of 
intervention and control students 4 years 
after the short-term intervention. The 14-
week MATCH intervention was provided to 
a convenience sample of 189 seventh-grade 
students (63% black) in two schools. The in-
tervention consisted of 26 teacher-delivered 
lessons focused on making healthy eating and 
physical activity choices, supplemented by 
the use of technology (e.g., web-based tools 
to plot BMI and dietary intake) and small, 
nonfood incentives (e.g., water bottles, pens, 
pedometers). As seen in Figure 38.3, com-
pared to 173 students in one assessment-on-
ly control school, the intervention group had 
significantly smaller increases in BMI (2.66 
vs. 4.03 kg/m2), greater decreases in BMI z-
score (–0.15 vs. 0.04 kg/m2), lower incidence 
of obesity (13 vs. 39%), and greater remis-
sion of overweight to healthy weight (40 vs. 
26%) 4 years postintervention.

FIGURE 38.3. Change at 4-year follow-up in BMI z-score, MATCH intervention and control groups. 
Based on data from Lazorick, Fang, and Crawford (2016) and Lazorick, Fang, Hardison, and Craw-
ford (2015).
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In 2015, Cao, Wang, and Chen published 
the results of an RCT that evaluated a fam-
ily–individual-school-based (FIS) interven-
tion that focused on connecting the fam-
ily and school environments. The study 
enrolled 2,446 first-grade students from 
14 primary schools in Shanghai, China. 
Seven schools were randomized to receive a 
3-year intervention that encouraged health 
education, dietary intervention, and ex-
ercise intervention in both the school and 
family environments. The health education 
component relied on obesity-related health 
information delivered through the school 
newspaper, class meetings, brochures, and 
teacher-led seminars attended by the par-
ents and students. The school reduced the 
fat content of their food and increased the 
availability of fruits and vegetables as part 
of the dietary intervention. Additionally, the 
teachers advised students on eating rates and 
snacking, and parents were sent materials on 
healthy eating habits for children. The ex-
ercise component focused on opportunities 
for activity at school (e.g., 20-meter music 
shuttle runs two to three times per week and 
at least 1 hour of physical activity time each 
school day) and at home (e.g., sent a jump 
rope home with each child). The other seven 
schools were assessment-only controls. After 
3 years, the students in the intervention 
schools had significantly greater reductions 
in the prevalence of overweight and obesity, 
lower odds of developing overweight or obe-
sity, and greater decreases in BMI z-score 
compared to the control group.

Multiple review articles (Sobol-Goldberg 
et al., 2013; Wang et al., 2013; Katz et al., 
2008) have attempted to look across stud-
ies to determine which characteristics make 
some large school-based interventions suc-
cessful whereas others have no effect. How-
ever, the conclusions offered by these reviews 
are mixed. Some reviewers (Sobol-Goldberg 
et al., 2013; Wang et al., 2013) have suggest-
ed that greater efficacy was associated with 
interventions that focused on both nutrition 
and physical activity and lasted at least 1 
year. In addition, interventions that incorpo-
rated hands-on activities and printed materi-
als throughout the school day—including in 
classroom lessons, the school cafeteria, and 
PE classes—appear to be more successful 
(Katz et al., 2008; Wang et al., 2013). Others 

have suggested the importance of parental 
support (Sobol-Goldberg et al., 2013; Katz 
et al., 2008). There are, however, signifi-
cant exceptions to these generalizations, as 
the large, well-controlled studies described 
above demonstrate. Thus, it remains unclear 
why some complex, schoolwide, long-term 
interventions fail and simpler, shorter-term 
interventions succeed (Brown & Summer-
bell, 2009). It is important to note that even 
in studies with effects, the effect size is mod-
est (effect size = 0.076; Sobol-Goldberg et 
al., 2013; Wang et al., 2013).

Although it is not clear how to move 
forward with comprehensive school-based 
interventions focused on nutrition and 
physical activity, some smaller school-based 
studies have shown promising results by fo-
cusing on simple interventions. For example, 
an RCT by Robinson (1999) enrolled 192 
third and fourth graders from two San Jose, 
California elementary schools and found 
that an 18 lesson, 6-month sedentary behav-
ior intervention did affect obesity. The one 
school randomized to the intervention im-
plemented a program specifically targeting 
reducing television viewing, video game use, 
and videotape use, without promoting ac-
tive behaviors as replacements. The regular 
classroom teachers incorporated the 30- to 
50-minute lessons into the standard curricu-
lum and taught the children to self-monitor 
their screen time, challenged them to a “tele-
vision turnoff,” and had them set weekly 
screen time goals. Additionally, the parents 
were provided with an electronic television 
time manager and newsletters that suggested 
strategies for limiting television, videotape, 
and video game use for the entire family. 
There were no intervention components fo-
cused on changing eating or physical activ-
ity. The other school was an assessment-only 
control.

Postintervention, intervention students 
experienced significantly greater reductions 
in BMI, skinfold thickness, waist circum-
ference, and waist-to-hip ratio compared 
to controls. Although this approach has in-
creasing relevance due to the high levels of 
screen time youth access (Henry J. Kaiser 
Family Foundation, 2010), it also has more 
challenges given the greater use of energy-
saving devices among children since 1999. 
Despite this challenge, creatively addressing 
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screen time may be an effective approach to 
obesity prevention in youth (Liao, Liao, Du-
rand, & Dunton, 2014). This approach has 
the potential to influence both sides of the 
energy balance equation through increased 
energy expenditure and decreased energy in-
take from reduced exposure to food adver-
tising and eating in front of the television, 
via stimulus control principles.

In another “simple” intervention, James, 
Thomas, Cavan, and Keer (2004) focused 
on reducing the consumption of carbonat-
ed (“fizzy”) drinks. Six hundred sixty-four 
middle high school students (ages 7 to 11 
years) from six primary schools in south-
west England formed 29 clusters that were 
randomized to intervention or control. Ran-
domization was clustered at the class level 
and blinded to school or grade. Fifteen clus-
ters received four 60-minute sessions over 1 
school year focused on the association be-
tween sugar consumption and health (overall 
and dental), including a music challenge to 
create a song or rap with a healthy message. 
Fourteen clusters were assessment-only con-
trol. At 12 months, there were no significant 
differences between groups in BMI or BMI 
z-score. However, there was a reduction in 
the number of students with overweight and 
obesity in the intervention schools compared 
to an increase in the control schools.

Similarly, in a quasi-experimental study, 
Schwartz, Leardo, Aneja, and Elbel (2016) 
focused on the impact of installing water 
jets (large clear water jugs with chilled 
water and a push lever for quick dispensing) 
in 1,227 New York public elementary and 
middle schools serving 1,065,562 students. 
From 2008–2009 to 2012–2013, ~40% 
of the schools received a water jet whereas 
60% of schools did not. The water jugs were 
significantly associated with a reduction in 
BMI and a reduced likelihood of being over-
weight. These simple approaches are in con-
trast to the traditional comprehensive diet 
and physical activity interventions, but may 
produce modest improvements in weight.

Other Community‑Based Obesity 
Prevention Interventions
Researchers are beginning to examine other 
community-based settings that children fre-
quent, outside of schools, as venues for obe-

sity prevention and treatment interventions. 
Some representative studies from other pos-
sible settings, including corner stores, sum-
mer day camps, YMCAs, and neighbor-
hoodwide initiatives, are reviewed.

In urban areas, many schools are located 
in the middle of the neighborhoods. Many 
students walk to school, providing them 
with multiple opportunities to purchase 
snacks and beverages from corner stores on 
their way. Corner stores are generally de-
fined as stores with less than 10 employees 
and less than 1,000 feet of floor space. They 
primarily sell cigarettes, prepackaged foods, 
and SSBs that are high in energy and low 
in nutritive value. A 2012 systematic review 
(Gittelsohn, Rowan, & Gadhoke, 2012) 
identified 16 trials of small-store interven-
tions located primarily in minority and low-
income neighborhoods. The interventions 
most often focused on increasing the avail-
ability of healthier food (e.g., fruits and veg-
etables), increasing point-of-purchase pro-
motions (e.g., shelf labels and posters), and 
community engagement. However, most of 
these studies (15 out of 16) only sampled 
adults and all (16 out of 16) used self-report 
surveys instead of direct observations.

The Snackin’ Fresh study was the first 
and, to date, only RCT of a corner store in-
tervention that used direct observation of 
purchases and focused on purchases by chil-
dren (Lent et al., 2014). From 2008 to 2010, 
10 schools and their nearby corner stores (N 
= 24) were randomly assigned to the Snack-
in’ Fresh intervention or an assessment-only 
control. Nearly 800 fourth, fifth, and sixth 
graders (54% black, 22.9% Hispanic) were 
followed for 2 years. Snackin’ Fresh was im-
plemented in both schools and corner stores. 
The school-based intervention consisted of 
seven 45-minute classroom-based education 
lessons delivered by a Snackin’ Fresh teach-
er. The lessons focused on various skills, in-
cluding identifying healthier choices in the 
corner store, self-monitoring consumption, 
goal setting, and label reading. The corner 
store intervention asked owners to increase 
the availability and promotion of healthier 
items (e.g., grouping single-serving-size 
packages together with increased signage), 
while also providing fruit salads in refrig-
erated barrels as well as bottled water, all 
of which were Snackin’ Fresh branded. The 
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intervention also included a branded social 
marketing campaign that included banners, 
small giveaways, a website, comic book, and 
video.

Throughout the 2 years, research staff ap-
proached students outside of the 24 corner 
stores and collected 2,215 anonymous “in-
tercepts,” or short interviews, in which they 
asked the student to show them what they 
had purchased that day. The staff recorded 
each item’s name, size, and the total amount 
of money spent, which were later connected 
to a nutrition database to calculate the nutri-
tional content per intercept. Each intercept 
was equal to one corner store visit by one 
student, who may have had more than one 
item. At baseline, students spent an average 
of $1.07 for two items, most often chips, 
candy, and SSBs, that added up to ~350 cal-
ories per purchase (Borradaile et al., 2009). 
As Figure 38.4 illustrates, Snackin’ Fresh did 
not result in significant changes in weight 
(BMI, BMI percentile, or BMI z-score) or 
energy content per corner store purchase, 
and there were no differences between con-
trol and intervention students at year 1 or 
year 2 (Lent et al., 2014).

Although not an RCT, Ontario, Canada’s 
single-center, single-cohort (36 families) fea-
sibility trial of the Children’s Health and 
Activity Modification Program (CHAMP) 
highlights the potential of summer day 
camp as a place for intervention (Burke et 

al., 2015). CHAMP was a multicomponent, 
4-week, family-based intervention for chil-
dren with obesity delivered by trained coun-
selors at community facilities (e.g., YMCA, 
Western University’s Canadian Centre for 
Activity and Aging). Children attended a 
summer day camp on weekdays and had 
daily group-based physical activity, behav-
ioral modification counseling, and dietary 
counseling. The family members (parents 
and/or guardians only) attended weekly 
group-based educational sessions on Sat-
urdays. After the 1-month intervention, 
2-hour booster sessions were offered every 
other month for 1 year. The children’s BMI 
z-score decreased significantly postinterven-
tion, and the changes were sustained at the 
6-month follow-up. This trial highlights that 
summer camps, with the benefits of full-day 
attendance, group interaction and support, 
and leadership opportunities, are a poten-
tially effective setting for childhood obesity 
interventions. However, the lack of a control 
group limits interpretation.

Another approach, more based on treat-
ment than prevention, is to move traditional 
clinic-based obesity treatment to community 
centers. The 16-week JOIN for ME inter-
vention, developed and evaluated in a single-
arm 18-month study (Foster et al., 2012), 
was delivered to the parents and children to-
gether through weekly group-based sessions 
at YMCAs. The intervention focused on be-

FIGURE 38.4. Change in BMI percentile, Snackin’ Fresh intervention and control group. Based on data 
from Lent et al. (2014).
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havioral strategies for weight management 
that included goal setting, self-monitoring, 
calorie targets, reducing screen time, and 
increasing physical activity. In a small RCT 
(Trost, Sundal Foster, Lent, & Vojta, 2014), 
41 child–parent dyads in the control group 
received the JOIN for ME program alone, 
whereas 34 child–parent dyads in the inter-
vention group attended the JOIN for ME 
program and also received an active gaming 
(e.g., Xbox Kinect) device with games. Con-
trol participants received the Kinect device 
after the intervention period. As illustrated 
by Figure 38.5, after 4 months, both the 
intervention and control groups had signifi-
cant reductions in relative weight. However, 
the intervention group achieved twice the re-
duction in percentage overweight and BMI 
z-score as the control group. The interven-
tion group also had significantly greater in-
creases in MVPA than did controls.

Some of the most ambitious interventions 
have chosen to focus on multiple settings 
within the community, enacting changes 
in policies, systems, the built environment, 
and institutions. There have not been any 
RCTs in this area, but a few natural experi-
ments raise interesting possibilities. One of 
the first natural experiments to be evaluated 
was in Somerville, Massachusetts. Shape 
Up Somerville was a 2-year, nonrandom-
ized, controlled trial in 2003–2005 that 
aimed to improve energy balance by increas-

ing physical activity and the availability of 
healthy foods (Economos et al., 2013). For 
the purpose of evaluation, Somerville (the 
intervention community) was paired with 
two sociodemographically matched control 
communities. In all, 30 public schools (10 
intervention, 20 control) and 1,721 first-, 
second-, and third-grade children partici-
pated.

Shape Up Somerville engaged many com-
munity groups (e.g., parents, teachers, city 
departments, restaurants, and the media) 
and was designed to influence every part 
of an early elementary school student’s day, 
from the school cafeteria to classroom les-
sons and after-school clubs. Changes in 
food service included highlighting a differ-
ent fruit or vegetable each month, reducing 
the availability of ice cream, displaying nu-
trition information, and developing vegetar-
ian recipes. In the classroom, teachers (in-
cluding art and PE teachers) delivered health 
curriculum through the HEAT (Healthy 
Eating and Active Time) Club with lessons 
on healthy snacking, increasing activity, de-
creasing screen time, and increasing the con-
sumption of healthy foods. Students could 
continue the HEAT Club activities through 
a 26-lesson after-school program that incor-
porated cooking, varied sports (from yoga to 
soccer), and field trips to local farms. Out-
side of the school environment, restaurants 
could earn “Shape Up Approved” status 

FIGURE 38.5. Change in BMI z-score, JOIN for ME intervention and control group. Based on data 
from Trost, Sundal, Foster, Lent, and Vojta (2014).
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if they offered healthier items in portion-
controlled sizes, and a community walking 
committee worked on creating “Safe Routes 
to School” maps, fixed up bike racks, and 
repainted crosswalks.

After 2 years, Somerville children had sig-
nificantly greater decreases in BMI z-score 
(0.06 kg/m2), reductions in the prevalence 
of overweight/obesity, and increases in the 
remission of obesity compared to controls. 
In 2011, without external funding or design 
help from researchers, community lead-
ers (business leaders, faith communities, 
schools, government officials, and local 
health professionals) from Mebane, North 
Carolina started the Mebane on the Move in-
tervention. Modeled after Shape Up Somer-
ville, Mebane on the Move aimed to increase 
physical activity and decrease obesity in the 
resident children (Benjamin Neelon et al., 
2015). The intervention focused exclusively 
on physical activity and promoted increased 
movement through multiple channels, in-
cluding walking and running clubs at the 
elementary schools and in the community; 
free community exercise programs at the rec-
reation center; portable play equipment sent 
to low-income families through home-deliv-
ery food-assistance programs; and walking 
paths (sidewalks, crosswalks, and walking 
trails with motivational signage) installed 
throughout town. A similar community 96 
miles from Mebane was recruited to serve 
as a comparison. Although the intervention 
was provided to all residents, physical activ-
ity and weight data were collected from 64 
Mebane children (ages 5–11 years, 76.6% 
white) and 40 children (ages 5 to 11 years, 
85.0% white) from the comparison town. 
At the 1-year follow-up, Mebane children 
had greater increase in MVPA (1.3 minutes/
hour) and had significantly decreased their 
BMI z-score (0.5 kg/m2) compared to con-
trol children.

Although more recent research on school-
based obesity prevention programs have 
sometimes shown small positive effects on 
obesity (Lazorick et al., 2016; James et al., 
2004; Scwhartz et al., 2016), traditional, 
school-based, randomized-controlled obesi-
ty prevention trials have generally not shown 
effects on weight-based outcomes. Commu-
nitywide interventions may hold promise, 

but there is no evidence for many broadly 
promoted programs with the goal of obesity 
prevention. Studies like JOIN for ME (Trost 
et al., 2014), CHAMP (Burke et al., 2015), 
and Shape Up Somerville (Economos et al., 
2013) show potential for scalability due to 
their community-based settings, reliance 
on trained community staff, and promising 
benefits on weight-related outcomes. How-
ever, there is insufficient evidence to draw 
conclusions on community-based programs 
outside of schools (Bleich, Segal, Wu, Wil-
son, & Wang, 2013). It is likely that in com-
munity-based settings, few would object to 
efforts to improve the adoption of healthy 
behaviors such as increased physical activity, 
increased water consumption, and increased 
consumption of fruits and vegetables, even 
in the known absence of benefits to obesity 
prevention. However, this would require a 
shift in commonly used language and ratio-
nale, and it should be noted that effect sizes 
for health behavior interventions are also 
small (Cushing, Brannon, Suorsa, & Wil-
son, 2014).

Obesity Prevention Trials in Adolescence 
(13–17 Years)

Few community-based studies have been 
conducted with adolescents, and almost 
all have been conducted in school settings. 
One noteworthy RCT is the COPE Healthy 
Lifestyle TEENS Program (COPE: Creating 
Opportunities for Personal Empowerment; 
TEEN: Thinking, Emotions, Exercise, Nu-
trition; Melnyk et al., 2013). This interven-
tion (N = 11 high schools, N = 779 students, 
ages 14–16 years) consisted of a 15-week, 
15-session health education curriculum that 
emphasized cognitive-behavioral skill build-
ing and nutrition and physical activity infor-
mation, taught by school staff. The control 
group received an attention control Healthy 
Teens program that focused on safety and 
common health topics such as road safety, 
dental care, skin care, and immunizations. 
At postintervention, small but significantly 
greater improvements were seen in BMI 
(COPE Healthy Lifestyles TEENS = 24.57 
kg/m2, Healthy Teens = 24.77 kg/m2) as well 
as other outcomes (i.e., physical activity, 
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social skills, academic performance in the 
health course, and alcohol use) in the inter-
vention compared to control group. As seen 
in Figure 38.6, at 6 months postintervention, 
significant between-group improvements 
were sustained in BMI (COPE Healthy Life-
styles TEENS = 24.72 kg/m2, Healthy Teens 
= 25.05 kg/m2) and overweight prevalence 
in intervention (44% at baseline; 41% at 
6-month follow-up) compared to control 
group participants (41% at baseline; 43% 
at follow-up). These findings are in contrast 
to other traditional, large-scale obesity pre-
vention trials in adolescents. Other school-
based RCTs, including the New Moves trial 
(N = 12 schools), the Trial of Activity in 
Adolescent Girls (TAAG; N = 36 schools), 
and the Nutrition and Enjoyable Activity for 
Teen Girls trial (NEAT; N = 12 schools) have 
not found significant improvements in BMI 
or percent body fat compared to assessment-
only controls (Lubans et al., 2012; Neu-
mark-Sztainer et al., 2010; Webber et al., 
2008). The main difference between COPE 
Healthy Lifestyles TEENS and these trials is 
that COPE included a novel, broader focus 
that incorporated social skills and mental 
health, whereas the other large trials were 
focused only on obesity prevention.

Another novel, school-based RCT was 
conducted in France. This trial compared 
a traditional school-based environmental 
intervention (i.e., increasing the availability 
and promotion of healthy foods and physi-
cal activity) to reduce overweight and obe-
sity with a different approach that consisted 
of screening and facilitating access to health 
care services (PRALIMAP intervention; 
Bonsergent et al., 2013). The screening and 
care strategy included school nurses refer-
ring students who were overweight/obese to 
local community-based networks of over-
weight and obesity management specialists 
(physicians, dietitians, psychologists, and 
sports educators). A third education ap-
proach emphasized nutrition and physical 
activity education curriculum. Each of the 
24 schools was randomized to receive or not 
receive each of the three strategies (i.e., a 2 
× 2 × 2 factorial design), and over 3,500 stu-
dents (grades 10 and 11) were followed for 
2 years.

Although the effect sizes were very small 
(0.11 lower increase in BMI; 0.04 greater 
decrease in BMI z-score, 1.7% greater de-
crease in overweight/obesity prevalence than 
controls), the 12 schools that received the 
screening and care approach showed a sig-

FIGURE 38.6. Percentage of overweight for the COPE and Healthy Teens groups across time. Re-
printed from Melnyk, Jacobson, Kelly, Belyea, Shaibi, Small, et al. (2013). Promoting healthy lifestyles 
in high school adolescents: A randomized controlled trial. American Journal of Preventive Medicine, 
45(4), 407–415. Copyright © 2013, with permission from Elsevier. Melnyk et al. (2013). Reprinted by 
permission.
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nificantly greater decrease in the prevalence 
of overweight/obesity (–2.27%) after 2 years 
compared to those that did not (–0.56%). 
In this study, and consistent with other tra-
ditional school-based obesity prevention 
programs, the schools that utilized educa-
tion and environmental approaches were 
no more effective than schools that received 
no intervention. This screening and care ap-
proach is novel and promising compared to 
traditional school-based obesity prevention 
programs aiming to educate students and 
improve the school environment. However, 
the integration with health care services may 
present additional challenges in the United 
States.

There are few community-based inter-
ventions in adolescents outside of school 
settings. The island of Tonga, with an ex-
ceptionally high obesity prevalence, was the 
setting for a 3-year quasi-experimental study 
of a community-based health promotion in-
tervention among adolescents (Fotu et al., 
2011). The intervention strategies included 
social marketing campaigns, community ca-
pacity building, and grassroots activities to 
promote healthy eating and physical activ-
ity. However, both intervention and control 
groups had an increased prevalence of ado-
lescent obesity after 3 years, and there were 
no differences in weight between groups.

National surveillance data on trends in 
adolescent obesity show a very small but 
continued increase over the last 20 years 
(Ogden et al., 2016). School-based obesity 
prevention programs for adolescents are less 
common than programs for children ages 
6–12 years, but generally show similar null 
or modest effects. These findings emphasize 
the need for creative strategies for adoles-
cents. Reviews of studies with adolescents 
have also concluded that the evidence for 
school-based obesity prevention programs 
is weaker for adolescents than for 6- to 
12-year-old children, and that they gener-
ally have not shown improvements in BMI 
(Sobol-Goldberg et al., 2013). One review 
suggests that effectiveness may increase with 
older adolescents and young adults (i.e., up 
to 24 years of age; Stice, Shaw, & Marti, 
2006); however, not enough community-
based trials in younger versus older ado-
lescents have been conducted to assess this 
possibility.

Summary of the Evidence 
and Conclusions

Obesity prevention in youth has been tar-
geted to all ages, ranging from before birth 
(Vinter, Jensen, Ovesen, Beck-Nielsen, & 
Jørgensen, 2011) to adolescence (Melnyk et 
al., 2013) across many settings, including 
primary care, child care, home- and school-
based, and community or environmental 
approaches (Wang et al., 2013). The studies 
reviewed in this chapter reveal little evidence 
that childcare-, school-, and community-
based obesity prevention programs are ef-
fective at changing weight-related outcomes 
in youth. This conclusion is consistent with 
several reviews (Bleich et al., 2013; Krop-
ski, Keckley, & Jensen, 2008; Wang et al., 
2013), including one that estimated that 
only 21% of obesity prevention programs 
resulted in significant positive effects (Stice 
et al., 2006). The empirical evidence from 
traditional interventions targeting diet and 
physical activity for the goal of obesity 
prevention is scant. It is possible that these 
strategies are necessary but not sufficient. 
Promising approaches may include target-
ing sedentary behavior, water and carbon-
ated beverage consumption, and integrating 
mental health and specialized health care 
into interventions, although these approach-
es require much more extensive empirical 
validation. While some newer and/or one-
component trials suggest improvements to 
weight using these strategies (e.g., James et 
al., 2004; Schwartz et al., 2016; Bonsergent 
et al., 2013; Melnyk et al., 2013), the effect 
sizes are modest, and additional evidence is 
needed.

Stice et al. (2006) point out that although 
modest effects demonstrate the difficulty of 
changing health behaviors related to obesity, 
modest effects are also observed with many 
other public health problems that relate to 
behavior change. Effect sizes for prevention 
programs for HIV, eating disorders, sub-
stance abuse, and smoking are all similar 
and modest (r’s range from .05 to .12) in 
comparison to obesity prevention (r = .04; 
Stice et al., 2006). Despite null or inconsis-
tent effects on weight, youth obesity preven-
tion programs may have benefits to health 
behaviors. Many trials reviewed in this chap-
ter had some positive impact on secondary 
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outcomes (e.g., fruit and vegetable intake, 
physical activity). However, in the absence 
of changes to weight, which are relatively 
easy to measure objectively, health behavior 
changes are difficult to interpret given their 
frequently self-reported nature and the fact 
that they are typically tested in the context 
of multiple comparisons. It is important to 
emphasize that, to date, scientific evidence 
from controlled trials of the effectiveness of 
school- and community-based programs in 
youth largely lacks any demonstration of im-
pact on weight outcomes.
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The childhood obesity epidemic is a press-
ing public health concern; approximately 
31.8% of U.S. children have either over-
weight or obesity (Ogden, Carroll, Kit, & 
Flegal, 2014). Childhood obesity represents 
a considerable cost to society through in-
creased health care burden and associated 
spending (Finkelstein, Trogdon, Cohen, & 
Dietz, 2009). It has many negative health 
consequences, including both medical (e.g., 
increased risk of cardiovascular disease and 
type 2 diabetes) and psychosocial (e.g., bul-
lying, weight-based teasing, and stigmatiza-
tion) comorbidities that lead to a reduced 
quality of life (Dietz, 1998). Given that 82% 
of children with obesity become adults with 
obesity (Juonala et al., 2011), these health 
care costs and physical and psychological 
comorbidities are likely to persist into adult-
hood if the obesity is not treated.

Fortunately, when obesity is treated at 
an early age, due to the potential for height 
growth, relatively small weight losses can 
have a significant impact on weight status 
(Goldschmidt, Wilfley, Paluch, Roemmich, 
& Epstein, 2013). Children ages 8–9 years 
with a body mass index (BMI) above the 

97th percentile for age and sex need to lose 
only 1.8 (girls) to 2.1 (boys) kg over 1 year to 
achieve a healthy weight, which is in contrast 
to the 5.5 (boys) to 7.6 (girls) kg weight loss 
necessary for a 12- to 13-year-old to reach 
a healthy weight. Furthermore, maintaining 
weight and preventing weight gain improve 
cardiovascular risk factors in children but 
not in adolescents (Reinehr, 2013). Early 
childhood intervention also allows healthy 
eating and physical activity habits to be es-
tablished before children become entrenched 
in obesogenic patterns. Thus, early interven-
tion is critical to promote a healthy weight 
and cardiovascular health in adulthood. In 
this chapter we (1) present current treatment 
recommendations for childhood obesity 
and provide a brief review of the literature 
in support of childhood obesity treatment; 
(2) describe the components of family-based 
behavioral treatments for childhood obesity; 
(3) discuss possible adjuncts to family-based 
behavioral treatments for childhood obesi-
ty; (4) summarize factors found to affect or 
predict the effectiveness of these treatments; 
and (5) explore future directions in the man-
agement of childhood obesity.
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Current Treatment Recommendations

In 2010, the United States Preventive Ser-
vices Task Force (USPSTF) issued recom-
mendations that clinicians screen children 
ages 6 years and older for obesity and offer 
or refer them to intensive counseling and 
behavioral interventions to promote im-
provements in weight status (Barton, 2010). 
These recommendations were based upon 
the results of a rigorous scientific review 
that demonstrated the efficacy of compre-
hensive interventions of moderate (26–75 
contact hours) to high (> 75 contact hours) 
intensity (Whitlock, O’Connor, Williams, 
Beil, & Lutz, 2010). The USPSTF defined 
treatments as comprehensive if they includ-
ed dietary, physical activity, and behavioral 
counseling components (Barton, 2010). The 
USPSTF systematic review was updated in 
2017, with recommendations staying consis-
tent (O’Connor, Evans, Burda, Walsh, Eder, 
et al., 2017). Unfortunately, treatment for 
older children and adolescents with severe 
obesity and severe medical comorbidities is 
somewhat more complicated. For this pop-
ulation, the use of pharmacotherapy and/
or surgery in combination with evidence-
based behavioral weight loss treatment may 
be considered (Barlow & Committee, 2007; 
Kelly et al., 2013), though few studies have 
evaluated the long-term outcomes and safety 
of pharmacological and surgical treatments 
for obesity in youth. Adherence to lifestyle 
behavior changes is still necessary follow-
ing weight loss surgery and to potentiate 
the success of pharmacotherapy (Berkowitz, 
Wadden, Tershakovec, & Cronquist, 2003), 
and thus children who meet the criteria for 
these more invasive interventions should still 
participate in intensive, multicomponent in-
terventions.

Review of the Literature

These recommendations and guidelines are 
supported by a significant body of research 
demonstrating the potency of intensive, mul-
ticomponent lifestyle interventions in induc-
ing weight loss in children and in reducing 
medical and psychological comorbidities 
associated with obesity, as compared to no-

treatment, education-only, or single-com-
ponent conditions. Amount (or duration) 
of treatment contact has also been found 
to be a consistent predictor of long-term 
weight outcomes in children (Janicke et al., 
2014). Furthermore, the inclusion of parents 
or caregivers in the treatment of childhood 
obesity improves weight loss outcomes in 
comparison to interventions that target only 
the child. In fact, interventions with a fam-
ily-based component result in a 6% greater 
mean reduction in percent overweight com-
pared to those without this component 
(Young, Northern, Lister, Drummond, & 
O’Brien, 2007). Moreover, a systematic re-
view that examined the impact of session 
format found that interventions that in-
cluded individual family sessions achieved a 
greater magnitude of weight loss than those 
with only group sessions (Hayes, Altman, 
Coppock, Wilfley, & Goldschmidt, 2015). 
A representative sample of these reviews and 
meta-analyses and their main findings are 
summarized in Table 39.1.

Family‑Based Behavioral Interventions 
in Obesity Treatment

Family-based behavioral weight loss treat-
ment (FBT) is a multicomponent behavioral 
weight control intervention developed and 
refined by Leonard Epstein, Denise Wilfley, 
and colleagues (Epstein, Paluch, Roemmich, 
& Beecher, 2007; Wilfley, Stein, et al., 2007). 
FBT targets both children and parents and 
is considered a first-line treatment for this 
population (Wilfley, Kass, & Kolko, 2011). 
FBT is effective at improving weight status 
in both the short and long term (Epstein, 
Valoski, Wing, & McCurley, 1994; Wilfley, 
Stein, et al., 2007), and has been shown to 
ameliorate other obesity-related comorbidi-
ties, such as improving cardiometabolic risk 
factors and psychological well-being (Gun-
narsdottir et al., 2014; Ho et al., 2012).

Given the large age range of children af-
fected by the USPSTF recommendation, it 
is important to acknowledge that FBT will 
need to be adapted to be developmentally 
appropriate for the targeted child. For ex-
ample, children of different ages will dif-
fer in their cognitive abilities; capacities for 
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TABLE 39.1. Relevant Reviews and Meta‑Analyses of Childhood Obesity Treatment Studies

Author
Type of review and 
number of studies Target population Conclusions

Altman & 
Wilfley (2015)

Systematic review of 
53 studies

Children and 
adolescents 
(2–18 years) with 
overweight or obesity

This review found that 
multicomponent treatments that 
include a parent component are the 
most efficacious.

Epstein, Paluch, 
et al. (2007)

Targeted systematic 
review of eight studies

Children (5–12 years) 
with overweight or 
obesity

This review demonstrates a 
consistent pattern of weight loss 
results across efficacy studies across 
time—an important step in preparing 
interventions for translation to 
wider-spread clinical care.

Hayes et al. 
(2015)

Systematic review of 
22 studies

Children and 
adolescents 
(2–18 years) with 
overweight or obesity

This review found that behavioral 
interventions that include individual 
family sessions achieve a greater 
magnitude of weight loss than those 
with only group sessions.

Ho et al. (2012) Systematic review of 
38 RCTs

Children and 
adolescents (≤ 
18 years) with 
overweight or obesity

This review concluded that weight 
loss was greater when the duration of 
treatment was longer than 6 months.

Janicke et al. 
(2014)

Meta-analysis of 20 
RCTs

Children and 
adolescents (≤ 
19 years) with 
overweight or obesity

This meta-analysis found that dose 
(duration, number of sessions, time 
in treatment) was positively related 
to effect size, and that individual 
and in-person comprehensive family 
interventions were associated with 
larger effect sizes.

Whitlock et al. 
(2010)

Targeted systematic 
review of 16 studies

Children and 
adolescents 
(5–18 years) with 
overweight or obesity

This review confirmed that 
comprehensive moderate- to high-
intensity behavioral interventions can 
be effective at producing significant 
weight loss in children.

Wilfley, Tibbs, 
et al. (2007)

Meta-analysis of 14 
RCTs

Children (≤ 19 years) 
with overweight

This meta-analysis concluded that 
lifestyle interventions produce 
significant changes in weight status 
in the short term, with evidence 
suggesting that results persist in the 
long term.

Young et al. 
(2007)

Meta-analysis of 16 
studies

Children (5–12 years) 
with overweight or 
obesity

This meta-analysis found that 
interventions with a family-
component achieve a greater 
magnitude of weight loss than 
those using an alternative treatment 
approach.
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self-regulation; social networks; and how 
they respond to parents, teachers, and peers. 
Although the majority of studies have been 
conducted with children in middle child-
hood (Epstein, Paluch, et al., 2007), FBT has 
also been successfully adapted for use with 
both preschoolers (Quattrin et al., 2012) 
and adolescents (Jelalian et al., 2010).

To improve a child’s weight status, FBT 
targets modification of energy balance be-
haviors (i.e., decreasing energy intake and 
increasing energy expenditure) through 
the use of behavioral treatment techniques 
and the active involvement of a parent or 
caregiver. In FBT, the parent or caregiver, 
who often also has overweight or obesity, 
is charged with both changing his or her 
own energy balance behaviors, as well as 
supporting the child in these endeavors. 
Furthermore, the parent or caregiver is en-
couraged to engineer the home environment 
so that it promotes these behaviors for the 
entire family. To facilitate long-term weight 
loss maintenance, treatment contact is ex-
tended to allow for the continued practice 
of behavioral change skills and the develop-
ment of family and social networks in sup-
port of weight loss maintenance behaviors 
(Wilfley, Stein, et al., 2007). The compo-
nents of FBT are described below and sum-
marized in Table 39.2.

Key Components of FBT
Dietary Modification
There are three primary dietary modifica-
tion goals in FBT: (1) decrease energy intake, 
(2) improve nutritional quality, and (3) shift 
food preferences toward healthier choices. 
To facilitate a decrease in energy intake 
while improving nutritional quality, FBT 
uses a family-friendly method of categoriz-
ing foods according to traffic light colors 
(Epstein & Squires, 1988). In addition, fam-
ilies learn to gradually adopt healthier eating 
habits through decreasing portion sizes; re-
ducing intake of energy dense, low-nutrient-
dense foods (red foods); increasing intake of 
lower-calorie, more nutritious foods (green 
foods); and regularly consuming three meals 
a day. To shift taste preferences from less 
nutritious to more nutritious food options, 

families are discouraged from swapping en-
ergy-dense foods with non- or low-calorie or 
fat substitutes (e.g., having frozen yogurt in-
stead of ice cream) because these latter foods 
are typically processed to taste the same as 
their high-calorie alternative.

Appetitive traits, such as poor satiety re-
sponsiveness (Carnell & Wardle, 2008), 
high food reinforcement (Temple, Legierski, 
Giacomelli, Salvy, & Epstein, 2008), binge 
or loss-of-control eating (Tanofsky-Kraff 
et al., 2004), and impulsivity (Nederkoorn, 
Braet, Van Eijs, Tanghe, & Jansen, 2006) 
are heritable traits that may hinder treat-
ment response. As a result, addressing these 
appetitive traits through early detection and 
targeted intervention is critical. Treatment 
helps address these traits by encouraging 
parents to help their children (1) regulate 
their portion sizes, (2) limit access to un-
healthy foods to decrease temptation, (3) 
differentiate between hunger and emotional 
states, and (4) seek alternate activities other 
than eating if they are not hungry.

Energy Expenditure Modification
The primary energy expenditure goals in 
FBT are to increase moderate-to-vigorous 
physical activity and to decrease sedentary 
behaviors (e.g., nonschool or work-related 
screen time). The colors of the traffic light 
are also used to help families identify which 
activities to increase (green: moderate-to-
vigorous physical activity) and to decrease 
(red: sedentary behaviors). Families are also 
encouraged to increase lifestyle activities 
such as using stairs instead of elevators, or 
walking or riding a bike to school rather 
than taking a car. Eating is a complementa-
ry behavior to sedentary behavior for many 
people (i.e., they both increase or decrease 
in the same direction); thus, decreasing time 
spent engaging in sedentary behaviors not 
only creates opportunities for greater time 
spent being physically active, but also de-
creases opportunities for eating (Epstein, 
Paluch, Gordy, & Dorn, 2000). Increasing 
physical activity not only facilitates weight 
change in the short term, it is also predictive 
of sustained weight change 10 years after 
participation in FBT (Epstein, Valoski, et 
al., 1994).
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TABLE 39.2. Family‑Based Behavioral Treatment Components

Goal Strategies

Dietary modification

Decrease energy intake •• Define appropriate calorie range.
•• Increase intake of green foods (i.e., highly nutritious, low-calorie 

dense foods).
•• Decrease intake of red foods (i.e., high-fat, high-sugar foods).

Energy expenditure modification

Increase energy expenditure •• Increase physical activity (goal: 60 minutes/day, 5 days/week).
•• Decrease sedentary activity (goal: < 2 hours/day outside of school 

time).

Behavior modification

Goal setting •• Dietary goals (e.g., < 15 red foods/week, calorie range 1,200–
1,500).

•• Physical activity goals (e.g., > 60 minutes/day, reduce sedentary 
activity by 50%).

•• Weight goals (e.g., weight loss of 0.5 pounds/week).

Self-monitoring •• Record daily food intake (e.g., calorie intake, number of red foods, 
fruit and vegetable intake).

•• Record activity (e.g., time spent in moderate-to-vigorous activity 
and sedentary activity).

Reward systems •• Record weight (e.g., weekly weighing).
•• Rewards based on dietary and physical activity goal achievement.
•• Rewards based on weight achievement.

Stimulus control •• Engineer the home environment (i.e., increase availability of green 
foods and decrease availability of red foods) to increase weight loss 
success.

Parental involvement

Shape home environment •• Make the healthy choice the easy choice in home through stimulus 
control.

Model healthy eating and activity •• Model healthy eating and physical activity behaviors.

Parenting skills •• Develop skills to support healthy lifestyle choices for family (e.g., 
problem-solve solutions).

Limit setting •• Parents set limits to help create structure around eating, activity, 
and sleep behaviors.

Goals •• Diet, physical activity, and weight goals are also set for parents.

Socioenvironmental contexts

Peer level •• Parents help children establish healthy peer networks.
•• Teach techniques to help deal with weight-based teasing and 

improve body image and self-esteem.

Community level •• Families are encouraged to become advocates for increased access 
to healthy foods in their schools and communities.

•• Problem-solve ways to work with the built environment.
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Behavior Change Strategies
Goal Setting

Goal setting is the process of creating spe-
cific, measurable, and realistic targets (i.e., 
goals) for behavior change. The frequency of 
goal setting is associated with sustained be-
havior change, and continued, frequent goal 
setting is an important component of weight 
maintenance (Nothwehr & Yang, 2007). All 
children and parents are given weight loss 
goals, but other goals are individualized to 
focus on specific behaviors most needing im-
provement. As the intervention progresses, 
goals change to accommodate participant 
progress.

Self‑Monitoring

Goals are accompanied by self-monitoring, 
which allows one to observe and note prog-
ress in a methodical way. Those who par-
ticipate in frequent self-monitoring are more 
aware of their energy balance behaviors and 
have more successful weight outcomes (Sael-
ens et al., 2002). In FBT, both the parent 
and child are encouraged to participate in 
regular self-monitoring of weight-related be-
haviors, and parents are encouraged to help 
their child master this skill.

Reward Systems

The rationale behind the use of reward sys-
tems in behavior change comes from operant 
learning theory, which states that behavior 
that produces rewards will be continued and 
thus reinforced (Skinner, 1938). As such, 
using rewards is a powerful way to reinforce 
target behaviors. Although there are many 
rewards intrinsic to weight loss that can re-
inforce behavior change (e.g., the feeling of 
success that comes with weight loss, reduced 
teasing), these changes are often slow to 
manifest, and thus more immediate material 
rewards may be more effective at reinforcing 
new behaviors (Levy, Finch, Crowell, Talley, 
& Jeffery, 2007). For example, financial in-
centives have been effectively used in obesity 
treatment with adults (Jeffery, 2012); how-
ever, more research is needed in children. 
FBT often involves the use of incentive sys-
tems to help reinforce the targeted behav-
iors. To develop an incentive system, parents 

and children work together to determine ap-
propriate and appealing rewards. Children 
earn points for achieving their goals and can 
exchange their points for rewards. Ideal re-
wards are those that increase social support 
and reinforce the targeted behaviors (e.g., 
park visit with friends).

Stimulus Control

Stimulus control is defined as using environ-
mental enrichment to restructure the envi-
ronment to increase the likelihood of engag-
ing in desired behaviors (Terrace, 1966), and 
is a critical component of behavior change in-
terventions for obesity (Young et al., 2007). 
Within a behavioral economics framework, 
people’s choices to obtain commodities are 
influenced by the constraints placed on 
those commodities. As the constraints on 
the commodities change, so do choices. As 
such, stimulus control works by placing 
constraints on undesirable choices (i.e., red 
foods and activities) to help someone make 
the best choice by making the healthy choice 
(i.e., green food and activities) the easy 
choice. In FBT, it is necessary for parents 
to remove prompts for unhealthy foods and 
sedentary behaviors (e.g., removing chips 
and cookies from the home or from within 
easy reach for children, keeping videogame 
equipment on a high shelf in the closet) and 
to increase the prompts for healthy foods 
and physical activity (e.g., placing fruits in 
a basket on the kitchen counter, keeping 
sneakers by the door) in the home.

Family Involvement and Support
Family involvement is a critical component 
of FBT. Participating parents and caregivers 
are taught to systematically use behavioral 
principles and positive parenting approach-
es to help shape and support their child’s 
weight change efforts. Children’s weight-re-
lated behaviors exist in the context of their 
home and family environment. By including 
parents in their child’s treatment, the goal 
is to capitalize on this parental influence 
to promote healthier behavior choices and 
maximize health outcomes for both parent 
and child. Parents are encouraged to cre-
ate a healthy home environment and model 
healthy behaviors by purchasing healthier 
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foods, planning healthier meals, developing 
a family-based reward system to reinforce 
healthy choices, participating in and encour-
aging increased physical activity, and using 
praise to reinforce healthy behaviors (Ep-
stein, Paluch, Kilanowski, & Raynor, 2004). 
Parents are also taught how to use effective 
limit setting to help create structure and 
routines around eating, activity, and sleep 
behaviors.

Parents participating in FBT are encour-
aged to actively work toward changing their 
own weight status in addition to supporting 
their child’s efforts. By including parents as 
active treatment targets, they can model the 
healthier eating and physical activity behav-
iors that are critical for weight loss success. 
According to social learning theory, model-
ing is a critical way for parents to socialize 
their children’s behavior (Bandura, 1977). 
When children are learning new behavior, 
observing a key socialization agent (i.e., a 
parent) engage in this behavior reinforces it. 
In fact, children with overweight or obesity 
may be particularly sensitive to adult influ-
ence in the transmission of health behaviors 
(Frerichs, Araz, & Huang, 2013), under-
scoring the importance of active parental 
involvement in FBT. As such, parent weight 
loss is a positive predictor of child weight 
loss in FBT (Wrotniak, Epstein, Paluch, & 
Roemmich, 2004).

The Importance of Intervening across Time 
and Contexts
A child’s weight-related dietary and physical 
activity behaviors are developed and main-
tained in the context of the family home 
as well as the broader community within 
which children and their families live, work, 
and play. Interventions that utilize a socio-
environmental approach are efficacious for 
weight loss because they extend the focus 
of behavior change beyond the individual to 
encompass the home, peer, and community 
contexts (Huang, Drewnowski, Kumanyika, 
& Glass, 2009). Bouton’s work on context-
specific extinction shows that when new 
weight control behaviors are acquired dur-
ing the course of FBT, these new behaviors 
do not replace the old behaviors associated 
with weight gain but rather coexist with 
them (Bouton, 2002). Unfortunately, new 

behaviors are not very generalizable outside 
of the setting in which they were learned, and 
old behaviors are easily activated across the 
different contexts of our obesogenic world. 
As a result of this contextual influence on 
the acquisition and practice of energy bal-
ance behaviors, FBT takes a socioenviron-
mental or multilevel approach to behavior 
change to improve maintenance of weight 
losses over time (Wilfley et al., 2010). To ad-
dress challenges to the maintenance of these 
new behaviors, FBT teaches families to plan 
for the different constraints or barriers to 
maintaining a healthy energy balance across 
these different levels of influence (e.g., learn 
how to identify and capitalize on facilitators 
for healthy living within peer networks and 
the community).

Peer Level

Peer interactions are naturally reinforcing to 
children, and good peer relationships have a 
positive influence on overall quality of life. 
When peers are supportive of healthy energy 
balance behaviors, weight loss maintenance 
efforts are enhanced (Salvy et al., 2007). 
Conversely, a lack of peer support for physi-
cal activity and healthy eating contributes 
to weight gain (Wilfley, Stein, et al., 2007). 
In FBT, heightened social problems (e.g., 
loneliness, jealousy, susceptibility to teasing) 
predict greater weight regain after FBT (Ep-
stein, Klein, & Wisniewski, 1994), and chil-
dren with higher levels of social problems 
have poorer weight loss maintenance (Wil-
fley, Stein, et al., 2007). These findings may 
be partially explained by the fact that youth 
who experience social problems or rejection 
may be more likely to use food as a coping 
mechanism (DeWall & Bushman, 2011) and 
less likely to engage in physical activity (Jef-
ferson, 2006). These findings highlight the 
need to include training in prosocial tech-
niques as part of treatment. Therefore, in 
FBT, families are encouraged to establish 
healthy peer networks and to disentangle so-
cializing from unhealthy activities. In an ef-
fort to improve children’s confidence in their 
ability to relate positively to peers, FBT also 
includes training in prosocial techniques for 
dealing with teasing and cognitive-behav-
ioral techniques to improve body image and 
self-esteem.
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Community Level

The community or built environment offers 
many opportunities as well as challenges to 
families participating in FBT. However, fam-
ilies are often unaware of the ways in which 
their communities affect their behavioral 
choices. The built environment influences 
children’s weight loss success in FBT. Access 
to parks and open spaces predicted greater 
weight loss success at a 2-year follow-up, 
whereas reduced access to parks and great-
er access to supermarkets and convenience 
stores predicted poorer outcome (Epstein et 
al., 2012). In FBT, families engage in a num-
ber of activities to help increase their famil-
iarity with how their built environment can 
both help and interfere with the establish-
ment of healthy habits over the long term. 
Problem solving, goal setting, and stimulus 
control are techniques that families can use 
in FBT to better work around or with their 
built environments. In addition, families 
are encouraged to become advocates for in-
creased access to healthy foods and activity 
choices in their schools, their work places, 
and other community settings. Families are 
encouraged to build a culture of health in 
their homes, in their relationships, and in 
their communities to provide support for the 
difficult challenge of healthy weight mainte-
nance in our obesogenic world.

Adjuncts to Traditional 
Behavioral Interventions
Improving Executive Function
Executive function refers to a set of cogni-
tive processes that help manage behavior, 
emotion, and thought with a consideration 
to future goals and outcomes (Bickel, Jar-
molowicz, Mueller, Gatchalian, & Mc-
Clure, 2012). Executive functioning, specifi-
cally the self-control aspect of it, has been 
identified as an individual difference that 
predicts long-term outcomes in personal fi-
nances, criminal behavior, and physical and 
psychological health (Moffitt et al., 2011). 
Skill deficits in executive functions have 
been documented in adolescents with obe-
sity (Maayan, Hoogendoorn, Sweat, & Con-
vit, 2011). The goal of executive functioning 
training is to improve impulse control and 

self-regulation skills in children, which may 
lead to decreases in impulsive eating behav-
ior. In a recent trial, children with obesity in 
inpatient treatment were randomly assigned 
to receive executive function training or to 
a control group (Verbeken, Braet, Goossens, 
& Van der Oord, 2013). Children who re-
ceived 25 40-minute executive functioning 
training sessions (working memory and in-
hibition training tasks delivered through 
a virtual reality game) showed improved 
weight loss maintenance compared to the 
control group. However, this difference was 
no longer significant at a 12-week follow-up 
assessment. This finding suggests that al-
though executive functioning training may 
be a valuable adjunctive approach, addition-
al research is needed to determine how to 
bolster and maintain these effects.

Improving Reinforcement Pathology
People allocate their limited resources to 
gain access to commodities within a system 
of variable constraint. Individual differences 
in factors such as food reinforcement (i.e., 
the motivation to eat) and impulsivity (i.e., 
decision making, the ability to inhibit re-
sponding) influence how individuals make 
these decisions.

Food Reinforcement

The reinforcing value of an item is defined 
as the motivation to obtain that item, and 
the relative reinforcing value of an item is 
defined as the motivation to obtain that item 
relative to another item. Reinforcement plays 
a fundamental role in choice; in a system 
with equal constraints, people often choose 
to engage in activities and behaviors that 
they find more reinforcing. Food is consid-
ered a primary reinforcer (i.e., does not need 
to be learned and is intrinsically motivat-
ing). Children with obesity find food more 
reinforcing than their peers without obesity 
(Temple, Legierski, Giacomelli, Salvy, & Ep-
stein, 2008).

There are two ways to change the rela-
tive reinforcing value of something to shift 
choices away from the more reinforcing to 
the less reinforcing choice. The first way is 
to increase the reinforcing value of the alter-
native choice (e.g., by substituting a more re-
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inforcing choice for the original alternative 
or by increasing the reinforcing value of the 
current alternative). It has been suggested 
that children with overweight/obesity con-
sume more food not only because they find 
it more reinforcing but also because they do 
not have many alternatives to eating (Jacobs 
& Wagner, 1984). Time spent with peers 
may be a valuable alternative to eating, and 
therefore increasing a child’s social network 
may increase the reinforcing value of peer 
relationships and thus help decrease eating 
(Epstein, Leddy, Temple, & Faith, 2007; Ep-
stein, Salvy, Carr, Dearing, & Bickel, 2010). 
Given that there are many problems (e.g., 
bullying, ostracism) surrounding social situ-
ations for children with obesity, social skills 
training as part of FBT may help improve 
the reinforcing value of peer relationships, 
thus making it a more competitive alterna-
tive to high-energy-dense food.

The second way to decrease the reinforc-
ing value of food is to increase the amount 
of work necessary to obtain the food—for 
example, in FBT, by engineering the envi-
ronment so that one has to leave the house 
to obtain ice cream. Laboratory studies have 
shown that increasing the amount of work 
necessary to obtain the more reinforcing 
food caused the choice to shift to the alter-
native (Goldfield & Epstein, 2002), and that 
increasing the behavioral cost of gaining ac-
cess to sedentary activities led to decreased 
time spent being sedentary and increased 
time spent being physically active (Epstein, 
Saelens, Myers, & Vito, 1997).

Compliance with dietary targets set in 
FBT may also reduce the reinforcing value 
of food. For example, both variety and fat 
content have been shown to influence the 
reinforcing value of food (Epstein, Leddy, 
et al., 2007). Thus, reducing both the va-
riety of high-energy-dense foods consumed 
and the overall fat content of the diet may 
reduce the overall reinforcing value of food. 
In one treatment program, those who con-
sumed the greatest variety of vegetables and 
the least variety of high-energy-dense foods 
lost the most weight (Raynor, Jeffery, Tate, 
& Wing, 2004). However, the reinforcing 
value of food was not specifically tested 
in that trial, and thus it is unclear whether 
changes in the reinforcing value of food con-
tributed to treatment success.

Improving Impulsivity

The inability to delay gratification (i.e., 
high impulsivity) has been explored for its 
relation to obesity development and main-
tenance. The ability to delay gratification 
can be quantified by delay discounting 
(DD), or the tendency to discount large fu-
ture rewards for smaller, immediate rewards 
(Bickel & Marsch, 2001). Research suggests 
that children with obesity are more likely to 
choose a small immediate food reward over 
a larger delayed food reward. In children 
the inability to delay gratification predicts 
greater subsequent weight gain (Francis & 
Susman, 2009) and poorer response to FBT 
(Best et al., 2012).

Improving DD is critical to ensuring suc-
cessful behavior change necessary for weight 
loss, as many of the health benefits associated 
with weight loss treatment are not immedi-
ate. There are a number of interventions that 
have been shown to reduce DD, and many 
of these treatment methods and intervention 
targets are part of contemporary FBT (Best 
et al., 2012; Daniel, Stanton, & Epstein, 
2013). For example, parental inconsistency 
in the use of short- and longer-term rewards 
can increase children’s impulsive decisions 
(Schneider, Peters, Peth, & Büchel, 2014), 
but parents who are taught the proper use 
of contingency management to encourage 
working for future FBT goals may be able 
to reduce impulsive choices. Planning, which 
is a central skill taught to families in FBT, 
can reduce future discounting (Baird, Small-
wood, & Schooler, 2011). FBT can teach 
families to provide alternatives to food, 
which improves treatment outcome (Best et 
al., 2012). Additionally, framing decisions 
in terms of future consequences, rather than 
immediate rewards—referred to as “pre-ex-
periencing the future”—can be taught. This 
is called episodic future thinking (EFT), and 
is an adaptive cognitive process that allows 
humans to plan and make decisions about 
how to allocate time and effort to achieve 
future outcomes (Gilbert & Wilson, 2007). 
Failing to think about the future (prospec-
tion) when making decisions about the con-
sequences of small immediate rewards ver-
sus larger delayed rewards may put one at 
the mercy of the immediate option. In FBT, 
we have adapted the use of EFT by teach-
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ing parents and children to simulate future 
events as they make decisions about small 
immediate rewards versus larger delayed re-
wards (Peters & Büchel, 2010). Research has 
shown a reduction in DD and in energy in-
take in children after training in EFT (Dan-
iel, Said, Stanton, & Epstein, 2015).

Reinforcement Pathology

An imbalance in the interaction between 
these two systems (i.e., food reinforcement 
and impulsivity) may lead to eating behaviors 
that result in weight gain over time (Carr, 
Daniel, Lin, & Epstein, 2011). The combi-
nation of increased food reinforcement and 
increased impulsivity is called reinforcement 
pathology. Individuals with this combina-
tion of traits find food highly rewarding and 
are unable to inhibit their desire to consume 
food. In adults, the combination of high im-
pulsivity and increased food reinforcement 
predicts increased intake (Appelhans et al., 
2011). In FBT, children who show signs of 
reinforcement pathology have a blunted re-
sponse to treatment (Best et al., 2012); thus, 
children with this combination of traits 
would benefit from the aforementioned ad-
juctive treatments in combination with FBT.

Treatment Modality and Setting

The majority of successful treatment studies 
for childhood obesity have been conducted 
in an individual or individual family format 
within a clinical research setting; however, 
additional delivery settings and formats 
are being explored. One way to increase 
availability of effective childhood obesity 
treatment would be to deliver treatment in 
a group format. However, a recent review 
of group-based childhood weight loss pro-
grams found that group-only treatment for-
mats may not achieve clinically significant 
weight changes. Outcomes improved when 
treatment format was mixed (i.e., both in-
dividual and group sessions) (Hayes et al., 
2015).

Another way to improve availability of 
FBT while preserving its potency would be to 
conduct FBT with individual families with-
in primary care settings. Co-location is a 
model of coordinated health care that places 

a behavioral health care provider within the 
same location as the primary care physician. 
Preliminary research suggests that FBT in-
terventionists can be successfully co-located 
within pediatric primary care practices and 
produce both child and parent weight losses 
(Quattrin et al., 2014). However, this study 
used an abbreviated form of FBT in terms 
of both treatment content and intensity. Al-
though further research is needed to test the 
efficacy of full-dose FBT in primary care, 
the co-location of a behavioral health inter-
ventionist within primary care would allow 
pediatricians to more easily refer appropri-
ate families to comprehensive behavioral 
treatment for weight loss within the familiar 
practice setting. Furthermore, co-location 
also would allow for easier coordination of 
care, which is important given the comor-
bidities associated with obesity.

Evaluating Treatment Success

Cutoffs for clinically meaningful weight loss 
have been suggested in the literature, with 
BMI z-score changes ≥ 0.25 defined as clini-
cally significant (Ford, Hunt, Cooper, & 
Shield, 2010; Kalavainen, Utriainen, Van-
ninen, Korppi, & Nuutinen, 2012). Weight 
changes of this magnitude have been shown 
to improve cardiovascular risk factors (e.g., 
insulin sensitivity, total cholesterol, blood 
pressure) in children and adolescents (Ford 
et al., 2010; Kalavainen et al., 2012; Kols-
gaard et al., 2011; Reinehr et al., 2016). FBT 
results in clinically meaningful weight losses. 
An examination of twenty-five years of FBT 
studies revealed that at 6 months after start-
ing treatment, 80–85% of children had BMI 
z-score changes ≥ 0.5, with 67% of children 
maintaining BMI z-score changes ≥ 0.5 at 10 
years (Epstein, Paluch, et al., 2007).

Percent overweight (i.e., percentage the 
child’s BMI is above median for age and sex) 
is another metric used to measure changes in 
weight status in children; decreases ≥ 9 units 
in percent overweight are considered clini-
cally significant. In one seminal study com-
paring FBT to a child-only treatment and a 
wait-list control group, participants in the 
FBT condition showed decreases in percent 
overweight (11.2 and 7.5 at 5 and 10 years, 
respectively), whereas participants in the 
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child-only (+2.7 and +4.5), and control (+7.9 
and +14.3) groups showed increases in per-
cent overweight (Epstein, Valoski, Wing, & 
McCurley, 1990). In another study, 82% of 
children who received FBT achieved percent 
overweight reductions of ≥ 9 units, with an 
average reduction of 17.4 percentage points 
over 12 months (Wilfley, 2013).

Treatment success may also be defined as 
the percentage of children transitioning to 
a lower weight status (i.e., going from obe-
sity to overweight, or from obesity to nor-
mal weight). In contemporary FBT studies, 
6 months after starting FBT, an average of 
33.2% of children no longer had obesity, 
with 8.8% of children transitioning to a 
normal-weight status (Epstein, Paluch, et 
al., 2007).

Conclusions and Future Directions

Evidence supports providing early interven-
tion for obesity during childhood, as ro-
bust and sustainable changes can be made 
at this time. FBT for childhood obesity, a 
multicomponent treatment that intervenes 
across several socioenvironmental contexts, 
has demonstrated effectiveness in reducing 
weight and improving physiological and 
psychosocial outcomes in children and their 
parents. Given its reach beyond the target 
child, FBT may be a very cost-effective way 
to treat obesity across multiple generations. 
The potential for FBT’s impact to general-
ize to other family members’ health is an 
important area for future research. In addi-
tion, sustainable behavior change is associ-
ated with early treatment response; children 
who lost weight by Week 8 had the greatest 
likelihood of both short-term and sustained 
success (Goldschmidt et al., 2011). Future 
work should examine whether an adaptive 
treatment approach (i.e., increasing intensi-
ty, adding adjunctive treatment components) 
improves treatment success in early nonre-
sponders.

Although FBT has proven to be effective 
for the treatment of childhood obesity, ac-
cess to care remains a challenge. Barriers 
include time and cost of training provid-
ers in FBT delivery, lack of reimbursement 
for treatment, and limited specialty clinics 
to which providers can refer their patients 

(Simpson & Cooper, 2009). As insurers and 
medical service delivery systems shift to-
ward a health care market that incentivizes 
prevention and the effective management of 
complex, multilevel diseases such as obesity, 
interventions such as FBT will be in demand 
to meet this need. In anticipation of this shift 
in the health care system, it will be neces-
sary to determine how best to scale-up FBT 
for broader implementation without losing 
its potency. To achieve the broadest reach, 
professionals must be equipped to deliver 
FBT across multiple settings. One proposed 
approach to address this gap is creating re-
gional centers of excellence in which FBT 
experts train center leaders to deliver FBT 
and supervise delivery (McHugh & Barlow, 
2010). Such centers would have the potential 
to bridge the gap between treatment experts 
and interventionists to ensure proper deliv-
ery of FBT on a large scale.
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Obesity in children and adolescents is a 
major public health problem in the United 
States. This condition is associated with 
medical and psychosocial problems, includ-
ing lipid disorders, type 2 diabetes mellitus, 
hypertension, obstructive sleep apnea, and 
psychosocial distress, as discussed by Kral 
and Berkowitz (Chapter 37, this volume). 
There is a critical need for strategies and 
policies to prevent the development of child-
hood obesity.

Effective weight reduction therapies also 
are needed for children and adolescents who 
already are overweight or obese. Lifestyle 
modification generally results in modest 
reductions in measures of body mass index 
(BMI), and there is a clear tendency for re-
lapse over time (Butryn et al., 2011). The ad-
dition of weight loss medication to lifestyle 
modification may significantly improve both 
the induction and maintenance of weight 
loss in adolescents, as discussed in a later 
section of this chapter (Berkowitz, Wadden, 
Tershakovec, & Cronquist, 2003; Berkowitz 
et al., 2006). Identifying the potential effica-
cy and safety of drug treatment for pediatric 
obesity is an important area of research.

This chapter provides an overview of 
medications approved by the U.S. Food and 

Drug Administration (FDA) for the man-
agement of obesity in youth. The chapter is 
necessarily brief because, at the time of this 
writing, only one medication (orlistat) is ap-
proved for use with adolescents. There have 
been no published reports of the results of 
pediatric trials of the four new weight loss 
medications that the FDA recently approved 
for use with adults.

The present chapter is not intended to 
provide medical advice regarding whether 
or not a specific pediatric patient should 
take medications. Patients are referred to 
their health care professionals for individual 
medical assessment and management. In 
addition, the treatment of pediatric obesity 
should utilize a staged and individualized 
approach (Barlow & Dietz, 2002). Weight 
loss medications may be useful as an adjunct 
to lifestyle modification programs in pediat-
ric patients who have not made satisfactory 
progress with behavioral treatment alone or 
potentially to facilitate long-term mainte-
nance of weight loss (Butryn et al., 2011). 
However, obesity medications have side ef-
fects and, as discussed later, long-term out-
come data in pediatric populations are not 
available. Pharmacotherapy should be con-
sidered only for those most likely to benefit, 
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with due consideration of the side effects and 
risks of the medications, as well as the sever-
ity of the patient’s obesity, previous weight 
loss attempts, age, pubertal maturation, and 
comorbidities (Kelly, Fox, Rudser, Gross, & 
Ryder, 2016).

Orlistat: The Only FDA‑Approved 
Medication for Pediatric Obesity

Currently, orlistat is the only FDA- approved 
weight loss medication that may be pre-
scribed as an adjunct to lifestyle modifica-
tion for youth ages 12 years and older who 
are obese (BMI ≥ 30 kg/m2) or who are over-
weight (BMI ≥ 27 kg/m2) and have one or 
more risk factors such as hypertension, type 
2 diabetes mellitus, and/or lipid disorders 
(Genentech USA, Inc., South San Francisco, 
California; Genentech, 2016). Orlistat is pre-
scribed at 120 mg three times daily, prior to 
consuming meals containing approximately 
30% of calories from fat. The medication 
also is available over the counter as 60 mg, 
to be taken three times daily with meals. A 
daily multivitamin is recommended to pro-
vide vitamins A, D, E, and K because these 
fat-soluble vitamins may not be absorbed 
as well from the diet while taking orlistat. 
Vitamins should be taken 2 hours before or 
after a dose of orlistat.

Mechanisms
Orlistat is a reversible inhibitor of gastro-
intestinal lipases, which are involved in the 
breakdown of dietary fat (triglycerides). The 
medication blocks the absorption of approx-
imately 30% of the fat contained in a meal. 
The excess fat is not digested or absorbed, 
but is instead excreted in stool, resulting in 
a reduction in overall absorption of ingested 
calories (Chanoine, Hampl, Jensen, Boldrin, 
& Hauptman, 2005; Genentech, 2016).

Safety and Side Effects
As described in the current drug labeling, 
the use of orlistat during pregnancy is con-
traindicated because of possible risks to the 
fetus. The primary side effects of the drug 
include excess oil in stool, resulting in fecal 
urgency with fatty/oily stool, oily evacua-

tion, and fecal incontinence. In addition, the 
revised labeling of the drug reported that 
there are potential renal effects. There have 
been rare cases of oxalate nephrolithiasis 
and acute oxalate nephropathy with renal 
failure reported in orlistat-treated patients 
who were at risk for or had renal disease 
(Genentech, 2016). There also have been 
rare cases of hepatotoxicity, including liver 
injury with hepatocellular necrosis or acute 
hepatic failure, with some cases resulting in 
liver transplantation or death (Genentech, 
2016). It is not clear whether orlistat was 
the cause of these adverse hepatic or renal 
events; however, these potential risks must 
be considered prior to prescribing orlistat to 
youth.

Pediatric Use
Orlistat produces modest weight loss in 
youth when added to a program of lifestyle 
modification. In the largest study to date (N 
= 539), youth ages 12–16 years were ran-
domly assigned to orlistat (120 mg three 
times daily) or to placebo and instructed to 
consume a hypocaloric diet of conventional 
foods (with 30% of calories from fat) (Cha-
noine et al., 2005). At the end of 1 year, 
youth who received orlistat had a reduction 
in BMI of 0.55 kg/m2, compared to an in-
crease of 0.31 kg/m2 for those on placebo 
(p = .001). In a responder analysis, 26.5% 
of youth who took orlistat attained a 5% 
reduction in BMI compared with 15.6% of 
those on placebo (p = .005). However, in this 
study, treatment with orlistat was not asso-
ciated with significantly greater improve-
ments in lipids, blood pressure, or glucose 
compared with placebo. Gastrointestinal 
side effects were significantly more common 
in the orlistat than in the placebo group.

A secondary analysis of this study exam-
ined the relationship between early response 
to treatment at week 12 and weight change 
at year 1 in adolescents treated with orlistat 
or placebo (Chanoine & Richard, 2011). 
The percentage change in weight at week 
12 correlated with the 1-year reduction in 
weight (r2 = .41) (p < .001) for all adoles-
cents, regardless of treatment condition. 
For those who achieved a 5% weight loss at 
week 12, the amount of weight loss at the 
end of the study was similar in both the or-
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listat and placebo conditions. Those taking 
orlistat, however, were more than twice as 
likely to lose ≥ 5% of their weight by week 
12, as were those on placebo. Orlistat helped 
more adolescents obtain a larger weight loss 
at week 12 and, thus, a larger weight loss 
at year 1. Based on this report, it is advised 
that use of orlistat should be continued after 
12 weeks only in youth who have an early 
favorable response.

Discussion
Orlistat may facilitate clinically meaningful 
weight loss in adolescents who respond with 
at least a 5% or greater weight loss by week 
12 of treatment. However, there are rare but 
serious adverse events associated with the 
use of orlistat, including liver and kidney 
problems. Thus, orlistat must be used with 
caution in adolescents with obesity. The 
medication should not be used beyond 12 
weeks in nonresponders.

Medications Not Currently Approved 
for Pediatric Obesity but Approved 
for Adults with Obesity

In addition to orlistat, four medications—
lorcaserin, liraglutide, phentermine/topi-
ramate, and naltrexone/bupropion—are 
approved by the FDA for chronic weight 
management in adults. These medications 
are possible candidates for pediatric obesity 
if efficacy and safety data become available. 
Bray and Ryan (Chapter 21, this volume) 
have provided a thorough description of the 
mechanisms, safety, and efficacy of these 
four newly approved medications. The next 
sections of this chapter provide an update on 
the status of research on these medications 
in children and adolescents. Until these med-
ications are approved for these populations, 
their use with youth (i.e., < 18 years of age) 
must be considered “off label.”

Lorcaserin
Lorcaserin is a selective agonist of the sero-
tonin 2C (5-HT2C) receptor, developed for 
weight management in adults with obesity 
(Smith et al., 2010). It has a low level of ac-
tivity at the 5-HT2B receptors; increased ac-

tivity at these receptors is thought to increase 
the risk of serotonin-related valvulopathy 
(Rothman et al., 2000). Stimulation of the 
5-HT2C receptors decreases eating through 
the neural proopiomelancortin (POMC) sys-
tem (Lam et al., 2008).

Safety

Headache, dizziness, and nausea were more 
likely to be reported by adults on lorcase-
rin than by those in the placebo group; both 
conditions reported similar rates of serious 
adverse events (Smith et al., 2010). A multi-
site cardiovascular safety adult trial is ongo-
ing and will provide further data regarding 
cardiac endpoints.

Pediatric Use

Pharmacokinetic studies of lorcaserin in 
children and adolescents are being conduct-
ed at the time of this writing, and a Phase 
III trial is being planned (ClinicalTrials.gov, 
2014, 2015). However, there currently are 
no published trials of lorcaserin in children 
or adolescents, and, thus, use of this medica-
tion in youth is considered experimental.

Liraglutide
Liraglutide is a long-acting glucagon-like 
peptide-1 (GLP-1) agonist. It is an inject-
able, once-daily, self-administered medi-
cation (Blonde & Russell-Jones, 2009). In 
2010, liraglutide 1.8 mg/day was approved 
by the FDA for adults with type 2 diabetes. 
In 2014, the medication was approved at 
3.0 mg/day, combined with a reduced-calo-
rie diet and increased physical activity, for 
chronic weight management in adults.

Safety

Nausea has been the most frequently re-
ported adverse event with liraglutide 3.0 mg 
in adults, as well as diarrhea, constipation, 
vomiting, dyspepsia, abdominal pain, de-
creased appetite, headache, dizziness, and 
fatigue (Astrup et al., 2012). Increased lipase 
has also been seen among patients. The med-
ication has a black-box warning pertaining 
to the risk of thyroid C-cell tumors, which 
have been seen in rats and mice. However, 
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the risk of thyroid C-cell tumors in humans 
is unknown. Liraglutide is contraindicated 
in adults with a personal or family history of 
medullary thyroid carcinoma or in patients 
with multiple endocrine neoplasia syndrome 
type 2.

Pediatric Use

No randomized controlled trials of the use 
of liraglutide 3.0 mg for pediatric weight 
management have been published. Small, 
short-term studies of liraglutide 1.8 mg have 
been conducted in youth ages 10–17 years 
with type 2 diabetes (Klein et al., 2014; 
Petri, Jacobsen, & Klein, 2015). These trials 
demonstrated that the medication was well 
tolerated, with safety and pharmacokinetic 
profiles similar to those of adults. After 5 
weeks, HbA1C was significantly lower in 
the liraglutide group than in placebo (–0.86 
vs. 0.04%). However, groups did not differ 
in mean body weight change.

Phentermine Extended Release/Topiramate 
Extended Release
Phentermine extended release (ER) is a sym-
pathomimetic, anorexigenic medication that 
is FDA-approved for the short-term (≤12 
weeks) management of obesity in adults with 
a BMI ≥ 30 kg/m2 or BMI ≥ 27 kg/m2 with 
obesity-related comorbidities. This medi-
cation may reduce appetite by stimulating 
the release of norepinephrine or inhibiting 
adrenaline reuptake into the nerve terminals 
to cause early satiety (Bray & Greenway, 
1999). Phentermine is pharmacologically 
related to amphetamine and has been desig-
nated a Schedule IV controlled substance to 
indicate a relatively low potential for abuse 
(Heal et al., 1998). Topiramate ER is FDA-
approved for use as an antiepileptic (in per-
sons ≥ 2 years of age) and for treatment of 
migraine headache (in persons ≥ 12 years 
of age). It is not approved as monotherapy 
for obesity in adults or children. The exact 
weight loss mechanisms of topiramate are 
unknown but are hypothesized to suppress 
appetite and improve satiety through en-
hancement of the inhibitory activity of gam-
ma-aminobutyric acid (GABA), modulation 
of voltage-gated ion channels, inhibition of 
carbonic anhydrase, and/or inhibition of 

AMPA/kainite excitatory glutamate recep-
tors (Allison et al., 2012).

In 2012, the FDA approved the combina-
tion of phentermine and topiramate ER (7.5 
mg/46 mg or 15 mg/92 mg) for the treat-
ment of adult obesity. Approval was based 
on findings that the combination of the two 
medications, used at low doses, produced 
equal or greater weight loss, and with a more 
favorable side-effect profile, than either drug 
used alone as a monotherapy (at the same 
dose) (Aronne et al., 2013). The combina-
tion is believed to better address the complex 
neural regulation of body weight than can a 
single medication.

Safety

In adult trials, the most common side ef-
fects of phentermine ER/topiramate ER are 
paresthesia, dizziness, dysgeusia, insomnia, 
constipation, and dry mouth. The treatment 
combination has also been associated with 
metabolic acidosis, depression, anxiety, cog-
nitive effects (e.g., disturbed attention), in-
creased heart rate, and kidney stones (Gadde 
et al., 2011). The medication has a warning 
of potential increased risk for orofacial clefts 
in neonates exposed to topiramate and re-
quires effective contraception and monthly 
pregnancy tests for females of reproductive 
age. The medication is not recommended for 
patients with cardiovascular disease and is 
contraindicated in patients with glaucoma, 
hyperthyroidism, and within 14 days of 
treatment with monoamine oxidase inhibi-
tors.

Pediatric Use

Results from randomized pediatric studies 
of phentermine ER/topirimate ER have not 
been reported. However, pharmacokinetic 
studies for adolescent obesity are currently 
ongoing (ClinicalTrials.gov, 2016). The 
combination of phentermine ER/topiramate 
ER is not recommended at this time. Simi-
larly, the long-term safety and effectiveness 
of phentermine, as used alone in pediatric 
(or adult) patients, has not been established, 
although there have been some small short-
term trials in youth (Lorber, 1966). Child-
hood obesity is a chronic condition and 
requires long-term treatment. Thus, the 
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short-term use of phentermine as mono-
therapy in pediatric patients is not recom-
mended.

Naltrexone Sustained Release/Bupropion 
Sustained Release
Naltrexone sustained release (SR) is an opi-
oid antagonist and has minimum effect on 
weight loss on its own. Bupropion (SR) is 
an aminoketone approved for the treatment 
of depression and for smoking cessation in 
adults. It is a mild reuptake inhibitor of do-
pamine and norepinephrine. The combina-
tion of naltrexone and bupropion is based 
on the premise that naltrexone can block 
POMC neuron autoinhibition by endog-
enous opioids, whereas bupropion augments 
the anorexic alpha-melanocyte-stimulating 
hormone release (Greenway et al., 2010; 
Plodkowski et al., 2009). The combination 
of naltrexone SR/bupropion SR (32 mg/360 
mg) was approved for use in adults by the 
FDA in 2012.

Safety

Nausea has been the most frequent adverse 
event with naltrexone SR/bupropion SR, 
along with constipation, headache, vomit-
ing, dizziness, and insomnia. There is also 
concern about an increased risk of seizures 
with the use of bupropion (Greenway et al., 
2010; Wadden et al., 2011). Naltrexone SR/
bupropion SR also may increase blood pres-
sure and pulse, or attenuate improvements 
in these, which are outcomes expected with 
weight loss. Thus, the combination should 
be prescribed only to patients with con-
trolled hypertension, and blood pressure 
should be monitored in the early weeks of 
therapy. All antidepressants in the United 
States are required to carry a black-box 
warning of suicidality, and the combina-
tion’s label includes this label. However, 
there was no signal of suicidality in Phase 
III studies.

Pediatric Use

No randomized controlled trials of naltrex-
one SR/bupropion SR conducted with pe-
diatric patients have been published. Thus, 
this medication is not recommended for pe-

diatric use until there are sufficient data on 
its long-term safety and efficacy in youth.

Use of Metformin in Youth with Obesity

Metformin is a biguanide antihyperglycemic 
agent that is FDA-approved for the treatment 
of diabetes mellitus in children older than 10 
years. The ER formulations are approved for 
individuals older than 18 years. Metformin 
improves glucose tolerance in patients with 
type 2 diabetes and lowers both basal and 
postprandial plasma glucose by decreasing 
intestinal absorption of glucose, reducing 
hepatic glucose production, and increas-
ing peripheral glucose uptake and utiliza-
tion (Bailey & Turner, 1996; Brufani et al., 
2011). Common side effects of metformin 
include diarrhea, nausea/vomiting, flatu-
lence, asthenia, indigestion, abdominal dis-
comfort, and headache (Park, Kinra, Ward, 
White, & Viner, 2009).

A number of randomized clinical trials 
have tested the efficacy of metformin in 
youth, although the majority of trials have 
been conducted with small samples, adoles-
cents ages 12–19 years, and with a treatment 
duration of 6 months or less (Brufani et al., 
2013). Among youth with obesity and with-
out diabetes, after 6–12 months of treatment, 
metformin (1,000–2,000 mg/day) produced 
modest but significantly greater mean reduc-
tions in BMI than placebo or lifestyle inter-
vention alone. Results from systematic re-
views and meta-analyses revealed an overall 
placebo-subtracted reduction of 1.1–2.7 kg/
m2 for participants treated with metformin 
(Bouza, Lopez-Cuadrado, Gutierrez-Torres, 
& Amate, 2012; Brufani et al., 2013; Park 
et al., 2009). Metformin also has favorable 
effects on some metabolic parameters, al-
though these results have been inconsistent 
in youth without diabetes. In a systematic re-
view of metformin trials among youth with-
out comorbidities (e.g., diabetes, metabolic 
syndrome, polycystic ovary syndrome), after 
treatment, fasting insulin decreased 9.94 
µU/ml, and the mean homeostatic model as-
sessment of insulin resistance score declined 
by 1.78. However, metformin yielded no 
improvements in lipid values (Bouza et al., 
2012). Further research is needed regarding 
metformin’s longer-term safety and efficacy 
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in order to consider this medication for the 
treatment of pediatric obesity.

A Model for Combining Weight Loss 
Medication with Lifestyle Modification

We anticipate that some of the medications 
approved by the FDA (since 2012) for the 
chronic management of obesity in adults 
will eventually be approved for pediatric 
populations. In the event that they are, we 
strongly recommend that weight loss medi-
cations prescribed for youth be used as an 
adjunct to a high-intensity lifestyle modifi-
cation program, which has been described 
by Balantekin, Wilfley, and Epstein (Chap-
ter 39, this volume). Our recommendation 
is based on findings from two studies of 
sibutramine that combined this medication 
with an intensive family-based program of 
lifestyle modification. Sibutramine was re-
moved from the marked in 2010 because of 
findings that it increased the risk of cardio-
vascular disease (CVD) morbidity and mor-
tality in adults with a prior history of CVD 
(James et al., 2010). Nonetheless, the two 
studies provide a model of how future FDA-
approved medications for youth can be used 
most effectively.

A total of 82 adolescents, ages 13–17 years 
with a BMI of 32–44 kg/m2, participated in 
an initial, single-site randomized controlled 
trial (Berkowitz et al., 2003). All teens re-
ceived a comprehensive family-based behav-
ioral weight loss program delivered through 
detailed treatment manuals. In the first 6 
months, participants attended 13 weekly 
group sessions, followed by six every-oth-
er-week group sessions. For the second 6 
months, group sessions were held every other 
week from months 7–9 and monthly from 
months 10–12. Parents met separately in 
group sessions held on the same schedule as 
the adolescents’ meetings. Adolescents were 
instructed to consume a 1,200–1,500 kcal/
day diet of conventional foods, with approx-
imately 30% from fat, 15% from protein, 
and the remainder from carbohydrate. They 
were prescribed an eventual goal of walking 
or engaging in similar aerobic activity for 
120 minutes per week or more. Participants 
kept daily eating and activity logs that they 
submitted at each session. The content of the 

parents’ sessions paralleled that of their chil-
dren’s sessions.

In this double-blind trial, half of the par-
ticipants were randomly assigned to receive 
up to 15 mg/day of sibutramine and the other 
half to receive placebo. To facilitate partici-
pant retention, the study was converted to 
an open-label trial at month 7, and placebo-
treated participants were given sibutramine. 
Those originally assigned to sibutramine 
continued to receive it for the full year.

At month 6, participants treated with 
behavior therapy plus sibutramine had 
achieved a mean reduction in initial BMI of 
8.5%, compared to a significantly smaller 
4.0% in participants who received behavior 
therapy plus placebo (p = .002). In the fol-
lowing 6-month open-label phase, adoles-
cents who remained on sibutramine main-
tained their reduction in BMI of 8.6%, and 
those switched from placebo to sibutramine 
had a further reduction to 6.4% at month 
12 (with no significant differences between 
groups at this time). Thus, adolescents ini-
tially treated with sibutramine reached their 
maximal weight loss by month 6 and main-
tained their weight loss at month 12, where-
as those first treated with behavior therapy 
and placebo—with sibutramine added in the 
second phase—achieved additional weight 
loss at month 12.

Findings from our single-site study of be-
havior therapy and sibutramine were repli-
cated in a multisite trial of 498 adolescents, 
confirming the effectiveness of this com-
bined approach (Berkowitz et al., 2006). 
These collective findings lead us to believe 
that a lifestyle intervention typically should 
be used to induce weight loss with adoles-
cents. Medication may be introduced later 
in treatment, both to induce further weight 
loss and/or to facilitate weight loss mainte-
nance. Further studies in adolescents, using 
new medications, are needed to address the 
efficacy, timing, and maintenance of weight 
loss with pharmacological treatment.

Conclusion

There have been relatively few randomized 
controlled trials of weight loss medications 
in adolescents and fewer still in children. 
Orlistat is the only FDA-approved weight 
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loss medication available for adolescents 
ages 12 years and older, but it is associated 
with only modest weight loss, gastrointesti-
nal side effects, rare but potentially serious 
liver and renal disorders, and no improve-
ment in cardiometabolic risk factors. Given 
these concerns, the use of orlistat is recom-
mended with caution for the treatment of 
obesity in adolescents and only for long-
term use in those who lose ≥ 5% of weight 
in the first 12 weeks. New medications have 
been approved for use in adults, including 
loracersin, liraglutide 3.0 mg, phentermine 
ER/topirimate ER, and bupropion SR/nal-
trexone SR. Long-term safety and efficacy 
trials of these medications clearly are needed 
as prescribed for children and adolescents. 
There is a pressing need for more treatment 
options for these age groups.
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The development of obesity has increasingly 
shifted toward childhood (Shah, D’Alessio, 
Ford-Adams, Desai, & Inge, 2016). Over 
one in five children globally is classified as 
overweight (Ng et al., 2014), and one in 
six children in the United States has obe-
sity (Ogden, Carroll, Kit, & Flegal, 2014). 
Despite significant investment of effort and 
resources, effective strategies to address 
obesity—including its prevention and treat-
ment—are lacking around the globe (NCD 
Risk Factor Collaboration, 2016; Kelly, 
Barlow, Rao, Inge, Hayman, Steinberger, 
et al., 2013). With this paucity of therapeu-
tic options, the child with obesity is highly 
unlikely to become a normal-weight adult 
(Freedman et al., 2005) and likely faces a 
lifelong battle with excess weight and the 
myriad life-changing (Ebbeling, Pawlak, 
& Ludwig, 2002; Juonala et al., 2011), 
life-threatening (Pinhas-Hamiel & Zeitler, 
2007), and life-shortening (Olshansky et al., 
2005) comorbidities that can be expected to 
follow. Given the successful development of 
surgical programs in the adult population, 
with excellent outcomes across several de-
cades (Sjöstrom, 2013), the introduction of 
surgery in adolescent obesity programs is 
increasingly offering hope of significant and 

apparently lasting improvement for adoles-
cents with severe obesity. This chapter de-
scribes the emergence of adult bariatric sur-
gical practice and explores its application to 
adolescents with severe obesity. We examine 
appropriate patient selection, the multidis-
ciplinary team (MDT), surgical consider-
ations, and patient outcomes, both favorable 
and detrimental.

History of Bariatric Surgery

The roots of bariatric surgery can be traced 
to the middle of the 20th century, when J. 
Howard Payne described the jejunocolic 
shunt (Payne, Dewind, & Commons, 1963). 
Involving the bypass of most of the small in-
testine, this radical procedure was extremely 
effective in achieving significant weight loss, 
but at the expense of markedly negative side 
effects. More than half of patients required 
reoperation to reestablish normal gastroin-
testinal anatomy, following the development 
of dehydrating diarrhea, profound nutrition-
al deficiencies, and numerous other adverse 
outcomes (Payne et al., 1963).

Meanwhile, surgeons observed that weight 
loss and failure to regain weight were fre-
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quent consequences of existing gastrointesti-
nal procedures that were performed to treat 
conditions unrelated to obesity, such as pep-
tic ulceration (Warren & Meadows, 1949) 
and carcinoma of the stomach (Harnett, 
1947). These undesirable weight loss effects 
were reappropriated to the expanding field 
of severe obesity, as Edward E. Mason re-
ported in 1967. The new gastric bypass pro-
cedure involved bypassing most of the stom-
ach in order to induce weight loss (Mason 
& Ito, 1967). This proved to be extremely 
effective, with the average weight loss at 12 
months reported to be 44 kg (Mason & Ito, 
1969). However, in these early days, an asso-
ciated mortality above 8% made this a high-
risk procedure by modern standards (Royal 
College of Surgeons of England/Department 
of Health, 2011).

Roux-en-Y gastric bypass (RYGB) is now 
the world’s most commonly performed 
bariatric procedure, both in adolescents 
(Beamish, Johansson, et al., 2015) and 
adults (Angrisani et al., 2015). However, 
sleeve gastrectomy (SG) is rapidly gain-
ing acceptance (Esteban Varela & Nguyen, 
2015).

The first reports of RYGB performed on 
children and adolescents followed less than 
a decade after Mason’s initial reports in 
adults (Randolph, Weintraub, & Rigg, 1974; 
Soper, Mason, Printen, & Zellweger, 1975). 
Interest in the potential benefits and risks 
of adolescent bariatric surgery reemerged 
in the early part of this century, yielding in-
creasingly more data evaluating outcomes of 
more modern operations.

Much of the emerging literature highlights 
considerations that are specific to adoles-
cents, whose growth and development may 
be incomplete. The potential for detrimental 
nutritional effects, coupled with the intend-
ed lifelong duration of action, raises concern 
regarding adequate bioavailability of key 
micronutrients. Long-term outcomes related 
to nutritional status after bariatric surgery 
and the potential effect upon micronutrient-
dependent systems, such as blood and the 
skeleton, have not yet been adequately docu-
mented in this population. However, the ad-
olescent already suffering from severe obe-
sity is afforded limited options to improve 
his or her personal future health prospects, 
both near and distant. In these individuals, 

surgery can offer a uniquely effective thera-
peutic option to improve weight and cardio-
metabolic health and to decrease risk factors 
(Beamish, Johansson, & Olbers, 2015).

Patient Selection in Adolescents 
with Severe Obesity

Patient selection is crucially important in 
order to maximize the potential for benefit 
and minimize the risk of suboptimal or ad-
verse outcomes. Selection criteria for adult 
bariatric surgery were developed at the 1991 
NIH Consensus Development Program (Na-
tional Institutes of Health, 1991), and have 
not received a major revision since. Consen-
sus guidelines for adolescent bariatric sur-
gery have been based upon the guidelines for 
adults (Pratt et al., 2009). Adolescent crite-
ria also take account of the ongoing growth 
of adolescents, and investigators have dem-
onstrated epidemiologically that the adult 
body mass index (BMI) definitions of 25 kg/
m2 for overweight and 30 kg/m2 for obesity 
equate to values of 22 kg/m2 and 27 kg/m2 at 
age 13 years (Cole, Bellizzi, Flegal, & Dietz, 
2000). Across adolescence, these values rise 
to meet adult definitions at 18 years (Cole 
et al., 2000). While evidence shows that 
both cardiovascular and metabolic risks rise 
when BMI for age is greater than the 99th 
percentile in adolescents (Freedman, Mei, 
Srinivasan, Berenson, & Dietz, 2007), this 
group includes all boys and most girls with 
a BMI exceeding 35 kg/m2 (Freedman et al., 
2007). For this reason, current guidelines 
follow criteria similar to the original NIH 
standards, recommending that adolescents 
should qualify for bariatric surgery if they 
have a BMI of 35 kg/m2, accompanied by 
“serious” (major) comorbidity, or a BMI of 
40 kg/m2, accompanied by “other” (minor) 
comorbidity (Table 41.1). This guideline al-
lows for a relatively more conservative se-
lection with decreasing patient age. This 
guidance (Pratt et al., 2009) defines seri-
ous comorbidity as including type 2 diabe-
tes mellitus (T2DM), pseudotumor cerebri, 
moderate or severe obstructive sleep apnea 
(OSA), or severe steatohepatitis. “Other” co-
morbidity includes dyslipidemia, hyperten-
sion, glucose intolerance, insulin resistance, 
mild OSA, impaired quality of life, and a 
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number of other conditions (see Figure 41.1 
and Table 41.1).

A number of additional prerequisites are 
generally followed. Individuals should be 
sufficiently well-developed physically, de-
fined as having reached at least Tanner Stage 
IV, along with 95% growth attainment (Mi-
chalsky et al., 2012). Perhaps of greatest im-
portance, the patient’s family members or 
caregivers should demonstrate committed 
social support and a genuine understanding 
of the procedure and its risks and benefits, 
as should the patient. They should be able to 
fully comprehend the necessary short- and 
long-term lifestyle requirements in diet and 
meal intake (including nutritional supple-
mentation) required by the adolescent, with 
realistic expectations for change (Table 
41.2).

Psychosocial comorbidities are particu-
larly common among adolescents with se-
vere obesity (Herget, Rudolph, Hilbert, & 
Bluher, 2014). A history of such conditions 
is not an absolute contraindication, but psy-
chosocial conditions must be under control 
and monitored by mental health profes-

FIGURE 41.1. Inclusion pathway for adolescent bariatric surgery. *See Table 41.1 for clarification of 
minor or major comorbidity status and exceptional circumstances.

≥ 40 kg/m2 with 
minor comorbidities* 

BMI Nonsurgical treatment 

≥ 35 kg/m2 with 
major comorbidities*

< 35 kg/m2 with 
exceptional 

circumstances* 

Trial of lifestyle 
intervention +/- 

pharmacotherapy 
weight loss 
program? 

Yes 

No Trial of lifestyle +/- 
pharmacotherapy 

weight loss program 

Bariatric 
surgical MDT  

Refer to adolescent 
bariatric surgical 

team for MDT 
assessment 

Continue 
nonsurgical 

treatment and  
follow-up 

Successful weight 
loss and/or 
comorbidity 

improvement 

No 

Yes 

TABLE 41.1. Comorbidity Examples 
for Patient Selection

Exceptional circumstances

•• Life-threatening obesity-related comorbidities

Major comorbidity

•• Type 2 diabetes mellitus
•• Heart failure due to obesity
•• Moderate–severe obstructive sleep apnea
•• Benign intracranial hypertension

Minor comorbidity

•• Impaired fasting glucose
•• Impaired glucose tolerance
•• Dyslipidemia
•• Hypertension
•• Steatohepatitis
•• Mild obstructive sleep apnea
•• Panniculitis
•• Venous stasis
•• Gastroesophageal reflux disease
•• Urinary incontinence
•• Weight-related joint disease
•• Body size precluding ambulation
•• Impaired activities of daily living
•• Severe psychosocial morbidity

Note. See Figure 41.1 for the patient selection pathway.



 Bariatric Surgery in Adolescents with Severe Obesity 647

sionals prior to and after surgery. Severe 
or unstable psychosis, major depression, or 
borderline personality disorder should be 
considered contraindications (Table 41.2), 
although formal discussion of individual 
circumstances should be undertaken by the 
MDT for these patients.

The MDT

All aspects of bariatric surgery for adoles-
cents should be provided by an experienced 
MDT. This is consistent with existing guid-
ance (Pratt et al., 2009) and is essential to 
enable effective evaluation, according to the 
above selection criteria, as well as optimiza-
tion for surgery and preparation for its life-
long success. The inclusion of several cen-
tral members of the MDT is recommended, 
consistent with guidance from the American 
Society for Metabolic and Bariatric Surgery 
(ASMBS; Michalsky et al., 2012), includ-
ing either a pediatric surgeon with bariatric 
experience or a bariatric surgeon with pe-
diatric experience, a pediatrician, dietitian, 
mental health specialist, physical therapist 
or exercise physiologist, and a dedicated 
clinical coordinator. A positive experience 
has been reported by employing a team of 
surgeons, incorporating the skills of both a 
bariatric surgeon and a pediatric surgeon si-
multaneously (Olbers et al., 2012).

The pediatrician should have specialist 
expertise in obesity medicine, endocrinol-
ogy, gastroenterology, nutrition, or adoles-
cent medicine. A family practitioner with 
experience in adolescent medicine is also 
appropriate. The dietitian should have ex-

perience in working with adolescents and 
the family unit. The mental health specialist 
could be a psychologist or psychiatrist with 
experience both in obesity and in the assess-
ment of children or adolescents. The physi-
cal therapist or exercise physiologist should 
have specific experience in the provision of 
safe activity programs for youth with severe 
obesity. A coordinator is essential to the ef-
fective function of the team and to a posi-
tive outcome for the patient. This individual 
coordinates the overall care pathway of each 
patient within the service, acting as a trusted 
and accessible regular point of contact for 
the adolescent and their family. The coordi-
nator, often an advanced practice nurse or 
social worker, may be key to ensuring that 
follow-up appointments are kept and that 
the patient adheres to treatment recommen-
dations. Beyond the core MDT members, 
further expertise is often necessary across 
a wide breadth of specialties, including but 
not limited to endocrinology, cardiology, 
pulmonology, gynecology, gastroenterology, 
sleep disorders, and radiology.

Bariatric Surgical Procedures

The evolution of bariatric surgery across 
more than half a century has resulted in a 
range of available procedures, three of which 
dominate in adults and have been used in 
most reports of adolescent bariatric sur-
gery. These are the RYGB, SG, and adjust-
able gastric band (AGB). RYGB has been the 
most commonly used thus far in adolescents, 
although the use of SG continues to increase 
and may outpace RYGB in the near future 
(Michalsky et al., 2012). Having emerged 
much more recently, SG and AGB are under-
standably supported by a thinner literature 
base than RYGB (Soper et al., 1975).

The earliest bariatric procedures involved 
bypassing portions of the gastrointestinal 
tract, and RYGB capitalizes on this concept, 
rearranging the gut to bypass almost all of 
the stomach, the entire duodenum, and up to 
3 feet of the jejunum. The stomach is discon-
nected, but not excised, leaving only a small 
gastric pouch, measuring approximately 25 
ml. The jejunum is anastomosed onto this 
pouch, approximately 50–100 cm distal to 
the ligament of Trietz, becoming the Roux 

TABLE 41.2. Exclusion Criteria

Patient and family understanding

•• Not fully committed to follow-up
•• Unable to understand risks and benefits
•• Unable to assent/consent as appropriate

Patient factors

•• Treatable medical cause of obesity
•• Skeletal immaturity (Tanner Stage ≤ III)
•• Unstable psychiatric condition
•• Ongoing addiction (alcohol, drugs, medication)

Note. See Figure 41.1 for the patient selection pathway.
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limb beyond this gastrojejunal anastomosis. 
Proximal to the anastomosis, the jejunum is 
transected before being anastomosed a fur-
ther 80–150 cm along the new Roux limb. 
Digestive juices pass through this biliary 
limb and jejuno–jejunal anastomosis to meet 
ingested food, as the Roux and biliary limbs 
converge to become a common channel.

Unlike RYGB, SG involves excision of 
a large part of the stomach. On the distal 
greater curvature, beginning approximately 
5 cm proximal to the pylorus, multiple fir-
ings of a linear cutting stapler are deployed 
around a calibration bougie, progressing 
proximally until reaching the angle of His. 
Once complete, the remnant stomach is 
tubular in shape, resembling a sleeve and 
measuring approximately one-quarter of its 
original volume.

The AGB is the only procedure of the 
three that is considered reversible. It is less 
invasive than RYGB or SG, and involves the 
insertion of a synthetic device around the 
proximal stomach, permitting adjustable 
restriction of the passage of food and, as a 
result, limiting the volume of food that the 
individual can ingest. Adjustment of restric-
tion is achieved by injection and withdrawal 
of saline into a balloon within the band, via 
a port situated within the anterior abdomi-
nal wall.

There is currently debate regarding which 
procedure should be used with adolescents, 
and decisions are based on the MDT’s in-
terpretation of an individual patient’s cir-
cumstances, drawing on experience and evi-
dence from surgery with adults. Adequately 
designed and powered prospective con-
trolled trials are needed to compare the out-
comes of existing procedures in adolescents 
(Beamish, 2016). A number of trials are on-
going in adults, including the BEST trial (Ol-
bers, 2015) in Sweden (ClinicalTrials.gov: 
NCT02767505) and the By-Band-Sleeve 
trial (Rogers et al., 2014) in the United King-
dom (isrctn.com: ISRCTN00786323), both 
comparing long-term outcomes of RYGB 
and SG. The latter trial also includes AGB.

A 2013 meta-analysis of five small trials 
that compared outcomes after RYGB and SG 
in 396 adults reported that RYGB resulted 
in a greater percentage of excess weight loss 
and superior metabolic outcomes, including 
remission of T2DM and normalization of 

insulin levels, LDL and triglycerides levels, 
and insulin resistance (Li, Lai, Ni, & Sun, 
2013). However, these favorable outcomes 
came at the expense of slightly greater risk 
of complications in RYGB.

Advocates of AGB often cite its reversibil-
ity and limited invasiveness as a main benefit 
(O’Brien et al., 2010). However, its mecha-
nism of action is predominantly restrictive/
obstructive, physically limiting the volume 
that individuals can consume. This is in 
contrast to RYGB, which primarily affects 
multiple axes of gut–brain signaling, there-
by altering patterns of hunger and satiety. 
RYGB’s proven effectiveness in reversing co-
morbidities and reducing weight in the long 
term in adults, coupled with a long record 
of safety, provide a strong argument for its 
proponents. However, as SG use increases 
(Inge et al., 2014; Michalsky et al., 2012), 
an increasing body of evidence suggests that 
its benefits in adolescents appear similar, at 
least in the short term, to those of RYGB 
(Beamish, Johansson, et al., 2015; Inge et 
al., 2015). There is evidence that nutritional 
deficiency occurs after bariatric surgery, al-
though the extent appears to be similar fol-
lowing RYGB and SG (Moize et al., 2013).

Preoperative Workup

Potential surgical candidates must be for-
mally assessed for their eligibility. This 
should incorporate not only an assessment 
of the individual’s general physical health, 
comorbid diseases, and nutritional status, 
but also psychosocial elements such as mo-
tivation of both patient and family. These 
individuals must understand that major di-
etary changes and long-term follow-up care 
are required following surgery (Fried et al., 
2007). Any identified comorbidities should 
be optimally managed with referral to allied 
specialists. Arrangements should be in place 
to allow assessment, when necessary, of met-
abolic and endocrine function, pulmonary 
function and sleep apnea, helicobacter pylori 
testing, body composition and bone density 
assessments, and indirect calorimetry.

Psychological evaluation is extremely im-
portant in this group because adolescent 
obesity is associated with a particularly 
high prevalence of anxiety, depressive symp-



 Bariatric Surgery in Adolescents with Severe Obesity 649

toms, low quality of life, and low self-esteem 
(Jarvholm et al., 2015). Although many pa-
tients experience improvements in psychoso-
cial health, as many as 19% of adolescents 
experience ongoing symptoms 2 years after 
RYGB (Jarvholm et al., 2015). Thorough 
discussion of these and other benefits and 
risks of surgery is essential in advance of any 
decision to operate. In addition, unreported 
psychosocial symptoms (e.g., depression, 
anxiety) should be screened for within the 
preoperative workup and treated as needed. 
Surgery should be deferred when necessary, 
and enhanced psychological follow-up and 
support should be provided to the most vul-
nerable individuals.

Adherence to a balanced very-low-calorie 
diet (e.g., 800 kcal/day) is advisable dur-
ing the 2 weeks prior to surgery. The adult 
RYGB literature has shown this presurgical 
diet component to be associated with re-
duced postoperative complications and re-
duced perceived surgical technical difficulty 
(Van Nieuwenhove et al., 2011).

Perioperative Care

Surgery should be performed in a specialist 
unit, where the staff has adequate expertise 
and experience with bariatric surgery and 
perioperative care. Admission to the hospital 
on the day of surgery is usually appropriate, 
and preferably to an environment designed 
to suit adolescents, rather than younger pe-
diatric age groups. There should be a stan-
dardized clinical pathway for these patients, 
which should follow that established for 
adults undergoing the same procedures (e.g., 
informal consent, thromboprophylaxis, pre-
operative checks).

After surgery, patients should be managed 
by personnel experienced in adolescent bar-
iatric surgical care. Whereas AGB is often 
performed as an ambulatory procedure in 
adults, in this age group it is advisable to ob-
serve patients overnight in the hospital. Fol-
lowing the more invasive SG and RYGB pro-
cedures, routine analgesia and intravenous 
maintenance fluids are necessary during 
the first postoperative 24 hours, and regu-
lar small amounts (< 25 ml) of clear fluids 
are also encouraged, as tolerated. Beyond 24 
hours, in the absence of any signs of a post-

operative complication, a soft diet may be 
introduced in small amounts. If soft food is 
tolerated, discharge with reiteration of post-
operative dietary advice is appropriate on 
post-operative day 2.

Radiological contrast studies are required 
only if there is clinical evidence of obstruc-
tion or significant impediment, such as re-
gurgitation of saliva or disproportionate 
pain upon swallowing. Routine confirma-
tion of adequate gastrointestinal throughput 
should rely upon clinical acumen in response 
to patient symptoms and signs.

Some abdominal discomfort in the first 
24–36 hours is common and readily treated 
with analgesics. Patients and their families 
should be made aware of this prior to sur-
gery so as to minimize the anxiety it may 
cause. Discomfort should diminish mark-
edly within the first 2 days. Signs and 
symptoms of early complications include 
tachypnea, tachycardia, increased oxygen 
requirement, fever, regurgitation, excessive 
pain, decreased conscious level, and anxiety. 
Such symptoms should arouse suspicion of 
bleeding, gastric or intestinal obstruction, 
gastrointestinal leakage, or pulmonary em-
bolus, and should warrant expeditious med-
ical assessment by a senior member of the 
surgical team.

Dietary difficulties are common after dis-
charge, and arrangements should be made 
for patients to contact a team member for 
advice and in case of medical problems. If 
emergent medical assessment is required in 
the first 48 hours, an experienced member 
of the bariatric team should be available 
to ensure that appropriate assessment and 
investigations are performed (and that un-
necessary investigations are avoided). A rou-
tine telephone follow-up call from a mem-
ber of the bariatric MDT within 48 hours 
of discharge is advised to ascertain whether 
recovery is proceeding as planned. Patients 
should have clear, easy-to-understand, writ-
ten guidance explaining whom to contact 
(and under what circumstances) in the early 
postoperative period.

Postoperative Follow‑Up

We advocate frequent follow-up in the early 
postoperative period, as often as weekly or 



650 chILdhood obesIty And obesIty PreventIon

every 2 weeks for 4–6 weeks. After this, fol-
low up every 4–8 weeks is appropriate to 6 
months, then every 3 months until comple-
tion of 2 postoperative years. With high 
rates of successful weight loss and comor-
bidity resolution, maintaining contact with 
patients is not always easy. Achieving the 
U.S. standard of follow-up of three-quarters 
of patients to a minimum of 5 years can 
prove difficult (Michalsky et al., 2011). This 
is potentially made more difficult in the ado-
lescent population by the transfer of care to 
adult services as patients mature. Specific 
transitional arrangements should be made in 
advance (Michalsky et al., 2011), and prepa-
ration of the provider in a patient’s medical 
home is important.

Outcomes

A large volume of data has reported weight 
loss and comorbidity resolution resulting 
from bariatric surgery in adults, as reviewed 
by Nor Hanipah, Aminian, and Schauer 
(Chapter 22, this volume). A recent meta-
analysis by Chang et al. (2014) analyzed 
over 160,000 patients across 164 studies, 37 
of which were randomized trials. At 1 year 
postsurgery, BMI had decreased between 
11.8 and 13.5 kg/m2, which was maintained 
at 5 years after surgery, when the reduction 
was between 11.4 and 14.3 kg/m2. The in-
creasing body of evidence from adolescents 
shows similar BMI reductions beyond 6 

months of 11.6 kg/m2 after AGB, 14.1 kg/m2 
after SG, and 16.6 kg/m2 after RYGB. Re-
cent long-term adolescent data suggest that 
the reduction in BMI can be maintained at 
5 years (13.1 kg/m2; Olbers et al., 2017) and 
even at 8 years (17.0 kg/m2; Inge et al., 2017) 
after RYGB. An overview of improvements 
in BMI and comorbidity conditions follow-
ing adolescent bariatric surgery is provided 
in Table 41.3 (Beamish, Johansson, et al., 
2015). Figure 41.2 demonstrates change in 
BMI in the medium to long term from two 
robust studies, the Teen Longitudinal As-
sessment of Bariatric Surgery (Teen-LABS) 
study in the United States (Inge et al., 2015) 
and the Adolescent Morbid Obesity Sur-
gery (AMOS) study in Europe (Olbers et al., 
2017), which are discussed in more detail 
later in this chapter.

T2DM
The prevalence of T2DM increases in par-
allel with increasing BMI (Mokdad et al., 
2003), and extensive evidence from 11 ran-
domized trials in adults now documents the 
powerful effect of bariatric surgery in im-
proving glucose homeostasis and in reversing 
T2DM (Schauer, Mingrone, Ikramuddin, & 
Wolfe, 2016). For many patients, bariatric 
surgery appears superior to all other thera-
peutic options. Remission has been reported 
in 33–90% of those with T2DM (Schauer 
et al., 2016), including some study partici-
pants with relatively low BMIs (< 35 kg/m2 

TABLE 41.3. Outcomes of Adolescent Bariatric Surgery by Procedure

Outcome AGB RYGB SG
All procedures 

(95% CI)

BMI reduction (kg/m2) 8.5–11.7 13.3–22.5 13.0–17.2 13.5 (11.9–15.1)

T2DM resolution (%) 80–100 67–100 0–68 0–100

Insulin resistance resolution (%) 44–77 100 50–96 44–100

Dyslipidemia resolution (%) 35–100 87–100 0–58 0–100

Hypertension resolution (%) 50–100 82–100 69–100 50–100

Obstructive sleep apnea resolution (%) 20–100 100 56–80 20–100

Polycystic ovarian syndrome resolution (%) — 100 0 0–100

Note. CI, confidence interval.
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and even < 30 kg/m2). Odds of remission ap-
pear higher when the diagnosis of T2DM is 
recent (Sjöstrom et al., 2014). In addition, 
bariatric surgery offers patients without 
diabetes protection from developing T2DM 
(Carlsson et al., 2012).

There is mounting evidence that T2DM 
behaves far more aggressively when its onset 
occurs during childhood than adult-onset 
T2DM. First-line therapies fail earlier in ado-
lescents, and progression to the need for insu-
lin occurs more rapidly (Beamish, D’Alessio, 
et al., 2015; Shah et al., 2016). With this in 
mind, it is perhaps even more noteworthy 
that studies of adolescents, although very 
limited to date, show T2DM resolution in 
79–100% of cases following RYGB (Inge et 
al., 2015, 2017; Olbers et al., 2017; Paulus et 
al., 2015), 50–94% following SG (Inge et al., 
2015; Paulus et al., 2015), and 100% follow-
ing AGB (Paulus et al., 2015). These actual 
figures should be interpreted cautiously, as 
insufficient data exist to verify the true re-
mission rates, and adult trials thus far sug-
gest RYGB to be superior to SG for T2DM 
resolution, which in turn appears superior to 
AGB (Schauer et al., 2016).

Cardiovascular Disease
In addition to ameliorating BMI and T2DM, 
adolescent bariatric surgery improves a 
number of other cardiovascular risk fac-
tors, resolving hypertension in 50–100% 
of patients, dyslipidemia in 35–100%, and 
inflammation in 74% (Beamish & Olbers, 
2015; Inge et al., 2017; Olbers et al., 2017; 
Paulus et al., 2015). Although data are not 
yet available for adolescents, cardiovascular 
events are significantly reduced in adults after 
bariatric surgery. These include a reduction, 
by around 50%, of the risk of stroke (odds 
ratio [OR] 0.46, 95% confidence interval 
[CI] 0.30–0.69), myocardial infarction (OR 
0.54, 95% CI 0.41–0.70), and the composite 
endpoint of “all cardiovascular events” (OR 
0.49, 95% CI 0.32–0.75) (Kwok et al., 2014). 
These benefits are likely to be replicated in 
adolescents, as cardiovascular risk factors 
identified in childhood have been shown to 
track into adulthood and translate into end-
organ injury, an example being childhood 
dyslipidemia, which is predictive of greater 
adult carotid artery intima media thickness 
(Li et al., 2003; Raitakari et al., 2003).
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There is also mounting evidence in the 
adult literature of an association between 
BMI and risk of a broad range of cancers. 
Overweight and obesity are associated with 
cancer of the breast, cervix, colon and rec-
tum, endometrium, esophagus, gallbladder, 
kidney, liver, ovary, pancreas, stomach, and 
thyroid (Bhaskaran et al., 2014; Calle & 
Kaaks, 2004).

Following bariatric surgery, women who 
wish to become pregnant may benefit from 
increased fertility and reduced likelihood of 
gestational diabetes and eclampsia, along-
side potentially reduced risk for adverse 
neonatal outcomes (Maggard et al., 2008). 
However, patients should be warned of these 
potential effects and advised that pregnancy 
in the first 2 years after surgery may carry 
additional risks. Patients should be offered 
contraception (Michalsky et al., 2012).

Risks and Concerns

Bariatric surgery is always accompanied 
by risk, but thanks to modern-day laparo-
scopic surgical techniques and perioperative 
practice, including early recovery pathways 
(Lemanu et al., 2013), its safety is well es-
tablished in adults. Thirty-day mortality is 
now below 0.1%, a figure lower even than 
that of laparoscopic cholecystectomy (Sand-
blom, Videhult, Crona Guterstam, Svenner, 
&  Sadr-Azodi, 2015; Sinha et al., 2013), de-
spite the multiple comorbidities associated 
with obesity (Chang et al., 2014). Death 
within 30 days of adolescent bariatric sur-
gery has been exceptionally rare thus far 
(Michalsky et al., 2013).

Bariatric surgery involves a specific risk 
of postoperative complications that require 
emergent reoperation, such as bleeding, gas-
trointestinal obstruction, and gastrointesti-
nal leakage, the latter of which occurs where 
staple lines or anastomoses are created.

After RYGB, food passes directly from the 
small gastric pouch into the jejunum. The 
gastrojejunal anastomosis does not replicate 
the regulation of gastric outflow normally 
afforded by the pylorus, instead deliver-
ing digestive contents to the jejunum more 
rapidly. The early delivery of hyperosmolar 
nutrients into the jejunum can potentially 
lead to gastrointestinal symptoms such as 

abdominal pain, diarrhea, nausea, bloating, 
and vasomotor symptoms such as fatigue, 
palpitations, and hypotension, often de-
scribed as the dumping syndrome (Banerjee, 
Ding, Mikami, & Needleman, 2013). Al-
though these symptoms are unpleasant, this 
side effect provides a feedback mechanism, 
which most patients consider to be positive. 
It is generally controlled by simple dietary 
modification and helps patients to avoid eat-
ing particularly calorie-rich foods (Lauren-
ius & Engstrom, 2016).

In the longer term, nutritional deficiency 
can present particular challenges. Obesity 
is associated with numerous vitamin and 
mineral deficiencies, which should be cor-
rected in advance of surgery, but often per-
sist or worsen postoperatively (Bal, Finelli, 
Shope, & Koch, 2012). A number of factors 
promote such deficiencies, including exclu-
sion of relevant anatomical structures from 
digestion and the overgrowth of small intes-
tinal bacteria (Bal et al., 2012). Nutritional 
deficiencies have caused concern regarding 
pregnancy and the preconception period, yet 
little is actually known about the prevalence 
of deficiencies during these times (Gadgil 
et al., 2014). It is particularly important 
to ensure that these topics are included in 
preoperative and follow-up discussions with 
female patients, who are also at significant 
risk of iron deficiency anemia following sur-
gery (Alvarez-Leite, 2004), making compli-
ance with supplementation important.

The skeleton of individuals with obesity 
generally has a greater bone mineral con-
tent and bone mineral density than that 
of normal-weight persons. Both of these 
measures decrease after bariatric surgery 
(Coates, Fernstrom, Fernstrom, Schauer, & 
Greenspan, 2004), although some reassur-
ance is provided by reports on adolescents 
(Beamish, Gronowitz, et al., 2016; Kaulfers, 
Bean, Inge, Dolan, & Kalkwarf, 2011), 
which show that the abnormally dense 
bones generally reduce to normal levels over 
2 years. Very few patients demonstrated ab-
normally low bone density or mineral con-
tent within this time. However, long-term 
data are crucial to determine the true impli-
cations for skeletal mass following bariatric 
surgery, particularly because adolescents 
will be exposed to the effects of surgery for 
longer than their adult counterparts. This is 
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an important area for preoperative counsel-
ing, including the need for compliance with 
lifelong nutritional supplementation (Ma-
linowski, 2006).

Finally, several anatomical consequences 
of bariatric procedures are relevant to fu-
ture health and investigations. The RYGB 
has been shown to be technically feasible to 
reverse, without significant complication in 
the short term (Himpens, Dapri, & Cadiere, 
2006), whereas the SG involves excision of a 
large portion of stomach, which is irrevers-
ible.

The use of gastroscopy (Braley, Nguyen, 
& Wolfe, 2002) and endoscopic cholangiog-
raphy as diagnostic and therapeutic proce-
dures can be rendered either more difficult, 
or even impossible, following bariatric sur-
gery. As a result, novel techniques have been 
developed, such as double-balloon tech-
niques, allowing enteroscopy after RYGB 
(Koornstra, 2008), and CT virtual gastros-
copy (Brethauer et al., 2014) for use where 
gastroscopy is not possible. Prophylactic 
cholecystectomy was formerly undertaken 
to avoid gallstone disease (Guadalajara et 
al., 2006), although this is no longer recom-
mended (Warschkow et al., 2013).

Our Experience with Adolescent 
Bariatric Surgery

Adolescent bariatric surgery has been in-
vestigated within the formal research proj-
ects of the Teen-LABS group in the United 
States and the AMOS group in Europe. The 
Teen-LABS study (Inge et al., 2007) is a 
prospective multicenter longitudinal study 
examining the outcomes of 242 adolescents 
undergoing RYGB or SG for obesity across 
five U.S. centers (www.Teen-LABS.org). 
The AMOS study (Olbers et al., 2012) is a 
national prospective multicenter nonran-
domized controlled study comparing out-
comes of 81 adolescents undergoing RYGB 
with 80 matched adolescents undergoing 
conservative treatment for obesity in Swe-
den. The longitudinal results of these two 
studies concur across most outcomes in 
their respective 3- and 5-year outcome re-
ports (Inge et al., 2015; Olbers et al.,2017), 
and largely replicate those illustrated within 
the adult literature. Across almost a decade 

since their inception, these studies have of-
fered valuable lessons for the management of 
adolescent obesity in surgical programs.

Both groups have experienced a high prev-
alence of mood-related psychosocial prob-
lems. In the Teen-LABS study almost 40% 
of subjects reported depressive symptoms in 
the clinically significant range at baseline, 
three to four times higher than national base 
rates (Zeller, Modi, Noll, Long, & Inge, 
2009). In the AMOS study this figure was 
27% (Jarvholm et al., 2012), although more 
than two-thirds (68%) had some degree 
of psychosocial impairment (Olbers et al., 
2012), most commonly anxiety and mood 
disorders (Jarvholm et al., 2012). Both stud-
ies reported positive psychological outcomes 
following bariatric surgery, while empha-
sizing the psychosocial vulnerability of this 
population and the importance of careful 
monitoring and support.

Accurate measurement of adherence to 
routine nutritional supplementation is inher-
ently difficult to achieve, making the litera-
ture in this area understandably thin. Adher-
ence may be even more difficult to achieve in 
an adolescent population (Ziegler, Sirveaux, 
Brunaud, Reibel, & Quilliot, 2009) and was 
reported to be poor in two-thirds of patients 
in the AMOS study (Olbers et al., 2012), 
owing at least partly to apathy and/or acting 
out. Severe, potentially life-threatening nu-
tritional deficiencies can arise, albeit rarely, 
after bariatric surgery. We have previously 
reported several cases of beriberi as a result 
of severe thiamine deficiency, necessitating 
prompt recognition and treatment (Towbin 
et al., 2004). Other nutritional deficiencies 
may have more insidious consequences. As 
noted, bone health remains an important 
area of unquantified risk in the long term 
after bariatric surgery. Although both the 
Teen-LABS and AMOS studies showed 
normalization of bone mineral content and 
density (Beamish et al., 2016; Kaulfers et al., 
2011), a small proportion (< 5%) of patients 
had bone mineral density below the normal 
range (Beamish, Gronowitz, et al., 2016) 
at 2 years. Adherence to supplementation 
is likely more important in this subgroup, 
and bone health is an area of active, ongoing 
evaluation in both study cohorts. It remains 
to be seen whether the downward trajectory 
in bone density will continue or plateau at 
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or near the expected range for weight and 
age in adolescents. Limited data from adults 
have emerged, showing a continued reduc-
tion in BMD between 2 and 5 years after 
RYGB, although the mean did not reach ab-
normally low levels (Raoof, Näslund, Rask, 
& Szabo, 2016). The emergence of specific 
complete supplements, combining all of the 
vitamins and minerals recommended after 
bariatric surgery (O’Kane et al., 2014), may 
help to improve adherence.

A majority (84%) of adults undergoing 
RYGB experience problems with excess skin 
as a result of major weight loss (Biorserud, 
Olbers, & Fagevik Olsen, 2011). Although 
practitioners had hoped that the younger 
skin of adolescents would be more likely to 
retain the body’s contour, adolescents ap-
pear to be troubled by excess skin in similar 
numbers as adults, leading to similar propor-
tions seeking body-contouring surgery (Sta-
alesen et al., 2014). However, whereas there 
is a good correlation between the amount 
of excess skin and the severity of related 
symptoms, there is a very weak relation-
ship between change in BMI and symptoms, 
making prediction of such problems difficult 
(Staalesen et al., 2014). This important and 
common consequence of major weight loss 
should be discussed with patients in advance 
of surgery.

A number of adolescents do not achieve 
significant weight loss; more than 1 in 10 
lost < 10% of their BMI in both the Teen-
LABS (Inge et al., 2015) and AMOS (Ol-
bers et al., 2017) studies. This presents an 
important area for future work, since inves-
tigators do not yet understand why subop-
timal weight loss occurs or how to improve 
the effects of surgery in this subgroup. The 
number of patients who did not reach a BMI 
< 35 kg/m2 differed between the two studies 
(Teen-LABS, 45% vs. AMOS, 28%), most 
likely because of a marked difference in 
the baseline weight of the participants. Al-
though all participants in both studies had 
severe obesity (BMI ≥ 35 kg/m2) at baseline 
the mean BMI in the Teen-LABS cohort was 
58.5 kg/m2, whereas in the AMOS surgical 
patients it was only 45.5 kg/m2. The exis-
tence of a strong dose-related increase in the 
prevalence of several obesity-related comor-
bid diseases, such as T2DM and hyperten-

sion (Beamish, Olbers, et al., 2016), coupled 
with a similar absolute BMI reduction be-
tween the two studies (Teen-LABS, –15 kg/
m2 vs. AMOS, –13 kg/m2; see Figure 41.2), 
suggests that offering surgery in advance of 
adolescents reaching such an extreme BMI 
may be advantageous.

Summary and Conclusions

The rapidly growing literature on adolescent 
bariatric surgery demonstrates unparalleled 
weight loss and marked improvements in 
cardiometabolic health and quality of life, 
comparable with those reported in adults 
who have had surgery. However, surgical 
management is not without risk, and long-
term studies are needed to further under-
stand the effects of this surgery, both posi-
tive and negative, while actively seeking to 
optimize outcomes. It is essential that health 
care providers, patients, and their families 
consider the significant potential negative 
effects of surgery in the decision-making 
process.

Embedded in a comprehensive obesity 
program, led by a multidisciplinary spe-
cialist team, bariatric surgery represents an 
important and highly effective therapeutic 
option for the treatment of severe adoles-
cent obesity. It is indicated in cases where 
obesity and its health consequences are se-
vere, and nonsurgical options have been ex-
hausted. As a result of the failure of existing 
prevention strategies, many adolescents are 
already suffering from severe obesity and its 
wide-ranging consequences. For these young 
people, surgery offers the potential of signif-
icant and sustainable health improvements 
in the absence of any other reliably effective 
treatment, and it may replace desperation 
with hope.
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The rapid increase in the prevalence of obesity 
at the end of the 20th century led the World 
Health Organization (WHO) to declare a 
global obesity epidemic (World Health Or-
ganization, 1998). In the United States, the 
country that leads the world with the highest 
obesity rates, the epidemic “came quickly, 
with little fanfare, and was out of control 
before the nation noticed” (p. 3; Brownell & 
Horgen, 2004). When the first edition of this 
book was published, alarm about the rising 
rate of obesity in the United States was in the 
news. Researchers estimated approximately 
325,000 annual deaths attributable to obe-
sity (Allison, Fontaine, Manson, Stevens, 
& VanItallie, 1999), which was approach-
ing the 400,000 annual deaths attributable 
to tobacco- related deaths at that time. The 
health care costs were estimated at $99.2 
billion in 1995 (Wolf & Colditz, 1998). It 
was clear that the status quo was not going 
to turn the epidemic around, and a new ap-
proach was needed.

Although the majority of chapters in this 
volume are focused on obesity treatment, 
Horgen and Brownell’s 2002 chapter made 
the case that treatment efficacy in studies 

was low, and treatment effectiveness for the 
general population was very low, because 
treatment is costly and available to a select 
few. Therefore, it was time to consider al-
ternative responses to the obesity epidemic. 
They presented the argument that obesity 
rates were rising due to the pervasiveness of 
a toxic environment, and that a promising 
response would be to focus on prevention 
and public policy.

This revised chapter does not need to con-
tinue to make the case for confronting the 
toxic environment. Over the past 15 years 
there has been tremendous acceptance of the 
idea that we need to address obesity through 
public health approaches to improve the en-
vironment and influence the health of a pop-
ulation. Many changes have been made and 
there have been reports containing a glimmer 
of hope: slight decreases in the prevalence of 
obesity among young children and a plateau 
of obesity rates in older children (Ogden et 
al., 2016). Although it is not yet time to cel-
ebrate and declare victory, it is worth tak-
ing a moment to appreciate how far we have 
come and identify where public health efforts 
should be focused going forward.
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The aim of this chapter is to review how 
the idea of confronting the toxic environment 
has evolved, the actions that have occurred, 
and opportunities to build momentum and 
promote future work. We address several 
of the recommendations that were made in 
the previous chapter: Increase awareness of 
the obesity epidemic, regulate food advertis-
ing to youth, improve the school nutrition 
environment, and tax unhealthy foods. Al-
though not an exhaustive list of policy rec-
ommendations, the objective is to provide 
an overview of how much has been done to 
engage public policy in the effort to prevent 
obesity in the United States. We then review 
opportunities where obesity policies can be 
connected to other major social movements 
and conclude with recommendations for fu-
ture research and advocacy.

Confronting the Toxic Environment
Increase Awareness of the Obesity Epidemic
An important goal in the early phases of 
policy development was to increase the pub-
lic’s awareness of the obesity epidemic. This 
goal was distinct from the goal of increas-
ing awareness of the importance of main-
taining a healthy weight—that was already 
understood. Obesity rates rose in the 1980s 
and 1990s in the face of tremendous pres-
sure to be thin, and multiple industries fo-
cused on dieting and weight control. In the 
United States, health clubs, diet centers, and 
low-fat snacks fueled a $33-billion-a-year 
industry in the 1990s (Institute of Medi-
cine, 1995). The common belief was that in-
dividuals were responsible for solving their 
own weight problems. This view needed to 
change in order to garner support for public 
policy changes.

In 2001, the Surgeon General reflected 
this view of collective responsibility when he 
called for a shift away from a simple focus 
on “personal responsibility” and toward 
a more comprehensive view of the role of 
the community in helping people maintain 
health:

Many people believe that dealing with over-
weight and obesity is a personal responsibility. 
To some degree they are right, but it is also 
a community responsibility. When there are 

no safe accessible places for children to play 
or adults to walk, jog, or ride a bike, that is 
a community responsibility. When school 
lunchrooms or office cafeterias do not pro-
vide healthy and appealing food choices, that 
is a community responsibility. When new or 
expectant mothers are not educated about the 
benefits of breastfeeding, that is a community 
responsibility. When we do not require daily 
physical education in our schools, that is also 
a community responsibility. There is much we 
can and should do together. (U.S. Department 
of Health and Human Services, 2001).

The Surgeon General’s comments were re-
inforced and repeated by many researchers 
and advocates in subsequent years. In pub-
lic health circles, a set of maps created by 
the Centers for Disease Control and Preven-
tion (CDC), which illustrated the rapid rise 
in obesity across the states starting in 1985, 
were shared at meetings and presentations. 
The graphic representation of the rapid rise 
in obesity rates from one year to the next 
was convincing evidence that something 
other than individual choices had to be at 
play, as there was no other indication that 
the American population had suddenly be-
come irresponsible in other ways (Brownell 
et al., 2010).

The seriousness of the epidemic was rein-
forced by research documenting the range 
of health and psychological consequences of 
obesity, especially for children. More studies 
were conducted on the expected health care 
costs attributable to the epidemic to make 
a business case for addressing this problem. 
Then, a 2005 paper estimating changes in 
life expectancy due to the rise in obesity led 
to the often-cited statement that this genera-
tion of children is expected to live shorter 
lives than their parents (Olshansky et al., 
2005). The idea that children would not live 
as long as their parents had lived hit a soci-
etal nerve. It became easier to make the case 
that as a nation, we needed to change the en-
vironment in order to protect our children.

Several signs have emerged to suggest that 
the population has changed its attitudes 
about the best way to approach the obesity 
epidemic in the United States. One indication 
of public attitudes is how the topic of obe-
sity is framed in the media. In a study that 
compared television network news coverage 
of obesity in two 5-year time periods (1995–
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1999 and 2005–2009), researchers found 
that overall coverage increased significantly, 
and there were changes in the types of stories 
(Gearhart, Craig, & Steed, 2012). Specifi-
cally, there was a significant decrease in sto-
ries that focused on individuals and specific 
events, an increase in stories that presented 
the issue of obesity in a broader social con-
text, and an increase in featuring politicians 
in the news coverage. This finding is consis-
tent with an increase in public awareness of 
public policy approaches to reducing obesity.

Another example of the change in think-
ing is the adoption of the social–ecological 
model as a standard tool in explaining the 
complex influences that contribute to the 
risk of obesity. See Figure 42.1 for an exam-
ple from the CDC.

The different versions of the summary 
pages of the Dietary Guidelines for Ameri-
cans provide another metric of how atti-
tudes have changed. The 2005 guidelines 
highlighted the importance of physical ac-
tivity as a way to maintain body weight, rec-
ommending that people “balance calories 
from foods and beverages with calories ex-
pended.” In addition, the guidelines recom-
mended that “to prevent gradual weight gain 

over time, make small decreases in food 
and beverage calories and increase physical 
activity” (USDA, 2005). By 2010 (USDA, 
2005), the message for people who were 
overweight or obese directly acknowledged 
that less should be eaten: “Control total cal-
orie intake to manage body weight. For peo-
ple who are overweight or obese, this will 
mean consuming fewer calories from foods 
and beverages.” In 2015 (USDA, 2015), the 
message about eating less of specific foods 
was spelled out: “Limit calories from added 
sugars and saturated fats and reduce sodium 
intake. Consume an eating pattern low in 
added sugars, saturated fats, and sodium. 
Cut back on foods and beverages higher in 
these components to amounts that fit within 
healthy eating patterns” (p. xii). Further, for 
the first time, one of the key messages was 
a public health message: “Support healthy 
eating patterns for all. Everyone has a role 
in helping to create and support healthy eat-
ing patterns in multiple settings nationwide, 
from home to school to work to communi-
ties” (p. xii).

A final piece of evidence that attitudes 
about obesity have changed is the increase 
in support for public policies to protect indi-

FIGURE 42.1. The social–ecological model. From www.cdc.gov/nccdphp/dnpao/state-local- programs/
health-equity/framing-the-issue.html.
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viduals with obesity from discrimination. As 
discussed by Puhl and Pearl (Chapter 10, this 
volume), the stigma associated with obesity 
is well documented, and there is strong evi-
dence linking stigma experiences with stress 
and negative emotional and physical health 
consequences. Recent research suggests that 
there is growing public support for policies 
to protect people with obesity. Requiring 
policies that address weight-based bullying 
was supported by 90% of educators and 
88% of parents (Puhl, Neumark-Sztainer, 
Bryn Austin, Suh, & Wakefield, 2016). Suh 
and colleagues also found that over 80% of 
parents supported strengthening policies to 
reduce weight stigma and discrimination, 
and there have been significant increases 
between 2011 and 2013 in parental sup-
port (over 82% agreement) to require tele-
vision shows to positively portray children 
of diverse body sizes and show them eating 
healthy food and being physically active 
(Suh, Puhl, Liu, & Fleming Milici, 2014). 
During the same 2011–2013 time frame, an-
other study documented that at least 75% 
of participants supported laws prohibit-
ing weight discrimination in the workplace 
(Suh, Puhl, Liu, & Milici, 2014).

In sum, there is evidence that federal 
government agencies have accepted a pub-
lic health view of obesity, and societal atti-
tudes have shifted accordingly. It is possible 
that there is a connection between the ac-
ceptance of the view of obesity as a societal 
problem, the belief in the role of the toxic 
environment on poor diet, and the increased 
support for policies that protect obese chil-
dren from bullying and obese adults from 
discrimination at work. When the responsi-
bility for preventing obesity is shared by a 
community, the community also shares the 
responsibility for caring for those individu-
als who are affected by obesity.

Regulate Food Advertising Targeting Youth
Substantial progress has been made over the 
past 10 years in bringing attention to the 
problem of food marketing directed at chil-
dren and teens. The Institute of Medicine’s 
(2006) report, Food Marketing to Children: 
Threat or Opportunity?, addressed the na-
ture, extent, and influence of food and bev-

erage marketing on children and adolescents 
in the United States and concluded that there 
was strong evidence that exposure to mar-
keting influenced food preferences, purchase 
requests, and short-term consumption for 
children ages 2–11 years. In 2009, the WHO 
commissioned a systematic review of the re-
search on food marketing to children, which 
was then updated in 2013 (Cairns, Angus, 
Hastings, & Caraher, 2013). The authors 
concluded that predominantly low-nutrition 
foods were being marketed to children, and 
exposure to food marketing was influenc-
ing children’s food preferences, purchases, 
consumption, and diet-related health. Ex-
perimental studies have found a significant 
relationship between exposure to television 
ads and increased food intake among chil-
dren (Boyland et al., 2016; Harris, Bargh, 
& Brownell, 2009) and exposure to adver-
games (i.e., online games that feature brand-
ed characters and graphics) and increased 
consumption of unhealthy foods (Harris, 
Speers, Schwartz, & Brownell, 2012).

In response to the evidence that food 
marketing was contributing to the prob-
lem of poor diet among American children, 
Congress directed the federal government 
to create the Interagency Working Group 
(IWG) in 2009 with representatives from the 
CDC, the U.S. Federal Drug Administration 
(FDA), the Federal Trade Commission, and 
the U.S. Department of Agriculture (USDA). 
The IWG was tasked to review the evidence 
and propose a set of voluntary principles for 
the industry to use as a guide for market-
ing food to children ages 2–17 years. These 
voluntary principles were designed to pro-
mote stronger industry self-regulation, not 
government regulation. The IWG released a 
draft of strong nutrition standards (Federal 
Trade Commission, 2011). Organizations 
representing the food industry characterized 
the IWG recommendations as unreason-
able and unrealistic (Hernandez & Kolish, 
2011; McGlockton, 2011), and the industry 
reportedly spent $37 million to oppose the 
voluntary standards (Nestle, 2011). In De-
cember 2011, Congress effectively stopped 
any further discussion of the recommenda-
tions by specifically stating that no further 
work could be done by the IWG before a 
cost–benefit analysis was completed.
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One key component of the industry de-
fense against the IWG recommendations 
was that they had already created a self-reg-
ulation body. In 2009, the Better Business 
Bureau organized the Child Food and Bev-
erage Advertising Initiative (CFBAI) (Coun-
cil of Better Business Bureaus, 2016). The 
purpose of this organization is to “shift the 
mix of foods advertised to children under 
12 to encourage healthier dietary choices 
and healthy lifestyles” (p. 1; Council of Bet-
ter Business Bureaus, 2016). The group has 
made progressive changes over the years 
it has been in existence. In the beginning, 
any advertisement that included a message 
about physical activity was considered ap-
propriate to marketing to children, and each 
participating company created its own nutri-
tion standards. Some experts questioned the 
value of this, as companies tended to empha-
size limiting nutrients that were not typically 
a problem in their product category (e.g., ce-
real companies set strict fat limits but more 
lenient sugar limits; a soup company set 
strong sugar limits but more lenient sodium 
limits). In 2011, a set of unified nutrition 
standards were adopted by all participating 
companies, and the same definition of “chil-
dren’s marketing” was adopted. Although 
advocates and marketing researchers have 
pushed for even stronger nutrition standards 
and less lenient definitions of child-direct-
ed marketing (Harris, Sarda, Schwartz, & 
Brownell, 2013), progress has been made 
from the food industry’s perspective.

Research has evaluated the impact of 
CFBAI on marketing to children. Kunkel, 
Castonguay, and Filer (2015) compared ads 
in 2013 to ads from 2007 and evaluated the 
nutrition quality of the foods, using the U.S. 
Department of Health and Human Services 
“Go, Slow, Whoa” system. They found that 
although there were fewer food ads per hour 
in 2013 (6.4 vs. 8.5 ads/hour), there was no 
significant improvement in the nutritional 
quality; 80% of the ads were for foods in the 
poorest nutritional category. The authors at-
tribute the lack of progress to weak nutrition 
standards and to the fact that not all compa-
nies participate in CFBAI.

A recent report using Nielsen data to 
examine food advertising on television 
between 2002 and 2015 showed that for 

children ages 2–11 years, exposure to food 
marketing on television has finally dropped 
below 2007 levels (Frazier & Harris, 2016) 
(see Figure 42.2). However, viewed in con-
text of other age groups, it is evident that 
food ads on TV have recently dropped for all 
groups—including adults.

Although the decrease in marketing to 
children on TV may be a sign of progress, it 
may also be the consequence of companies 
reaching children and adolescents through 
digital media in addition to TV (Kelly, 
Vandevijvere, Freeman, & Jenkin, 2015). 
In many ways digital media is a greater 
threat to children and adolescents because 
parents cannot feasibly monitor or control 
their children’s access. Traditional televi-
sion commercials are understood by youth 
as marketing; other strategies that place 
the product in front of the child as part of 
the general environment are more subtle. A 
recent report found that half of the 2009 
spending targeting children ages 2–11 years 
was spent on cross-promotions, which in-
cluded media-character merchandising and 
tie-ins with TV programs, movies, video-
games, and social media (Kraak & Story, 
2016). For example, the character “Shrek” 
was originally introduced in a movie; how-
ever, he has also been represented in doz-
ens of toys, featured in promotions for Mc-
Donald’s Happy Meals, and eventually was 
featured in a special variety, “Ogre O’s” of 
Kellogg’s cereal.

Improve the School Environment
The school setting is arguably the greatest 
example of success in improving the nutri-
tion environment. The nutrition standards 
for the National School Lunch Program, Na-
tional School Breakfast Program, and com-
petitive foods sold in schools have all been 
dramatically improved in the past 5 years 
as a result of the Healthy, Hunger-Free Kids 
Act 2010 (U.S. Department of Agriculture, 
2012). For the first time in decades, this 
legislation required the USDA to bring the 
school meal programs into alignment with 
the United States dietary guidelines and re-
turned the power to the USDA to regulate all 
foods sold during the school day on school 
grounds.
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Beverages

The changes in the beverages sold in schools 
have been dramatic. In the late 1990s, the 
majority of high schools in the country 
had a vending machine that sold sugared 
soft drinks, and most districts had “pour-
ing rights” contracts with one of the major 
soft drink companies (Brownell & Horgen, 
2004). In 2003, California was the first 
state to pass legislation to limit the beverag-
es and snacks that could be sold in schools. 
In 2006, Connecticut passed the first state 
law that prohibited the sale of any beverage 
other than water, 100% juice, and milk in 
all K–12 schools.

In 2006 the American Beverage Associa-
tion (ABA) entered into a voluntary agree-
ment with the Clinton Foundation and the 
American Heart Association to “change the 
mix” of beverages in schools by removing 
full-calorie sodas and increasing lower-cal-
orie options. The ABA enlisted a researcher 
to evaluate its efforts and declared victory, 

saying that shipments of full-calorie soft 
drinks had declined by 97%, and that 90% 
fewer beverage calories were being delivered 
to schools than prior to their commitment 
(Wescott, Fitzpatrick, & Phillips, 2012). Al-
though the fact that full-sugar soda had been 
banned from schools in several states during 
that same time frame may also have contrib-
uted to this success story, the important out-
come was that students were significantly 
less likely to encounter soda at school. Final-
ly, in 2014, all soda was officially restricted 
from schools nationwide when the USDA’s 
Smart Snacks regulations were implemented 
(U.S. Department of Agriculture—Food and 
Nutrition Service, 2016).

Competitive Foods

The USDA’s Smart Snacks regulations apply 
to food items, in addition to beverages, sold 
outside the school meals. All of these are 
called “competitive foods” because they 
essentially compete with the school lunch. 

FIGURE 42.2. Changes in total TV food, beverage, and restaurant advertising viewed by children (ages 
2–11), adolescents (ages 12–17), and adults (ages 18–49) from 2002 to 2015. From Frazier and Harris 
(2016). Reprinted by permission.
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Most states that took on changing bever-
ages in schools addressed snacks as well. By 
2010, 27 states had some level of regulation 
for competitive foods that were permitted 
for sale in schools (Centers for Disease Con-
trol and Prevention, 2012). Notably, the nu-
trition regulations were not the same across 
states, which created a challenge for compa-
nies designing snacks to be sold in schools.

There is evidence that changing competi-
tive food standards can have a positive influ-
ence on the nutrition environment in schools 
and metrics of student health. One national 
study documented that both state and dis-
trict policies influence the availability of 
snacks and beverages in elementary schools 
(Chriqui, Turner, Taber, & Chaloupka, 
2013). Another study compared students’ di-
etary intake in a state with strong competi-
tive food standards (California) to students 
in 14 states without any standards govern-
ing the sale of such foods and found that 
California high school students consumed 
on average 157 fewer calories in school per 
day than students in the comparison states 
(Taber, Chriqui, & Chaloupka, 2012). To 
assess the impact of state laws regulating 
competitive foods on student weight change, 
another analysis examined changes in body 
weight between fifth grade and eighth grade 
in a national dataset. It found that students 
in states with strong and comprehensive 
competitive food laws gained, on average, 
0.25 fewer BMI units and were less likely 
to remain overweight or obese over time 
than students in states with no laws (Taber, 
Chriqui, Perna, Powell, & Chaloupka, 
2012).

School Meals

The school meal standards for both breakfast 
and lunch have been updated progressively 
over the past few years. Although schools 
were given time to source new products and 
create new recipes, the changes were signifi-
cant and posed a challenge to some school 
districts. The popular media coverage of the 
changes to the school meal program has been 
mixed (Confessore, 2014). The School Nu-
trition Association had a divided response 
to the changes, with some members in vocal 
support of the changes and others advocat-
ing to roll back the standards. Because First 

Lady Michelle Obama was a visible cham-
pion for school meal reform, many of the at-
tacks became political. Further, there were 
specific segments of the food industry that 
were concerned about being able to sell their 
products in schools. The two groups that ap-
peared to lobby Congress successfully were 
those that sought to protect potatoes and 
pizza sauce in the school meal program.

Despite the rocky start of implementing 
the new standards, nearly all districts in the 
nation now appear to be compliant with the 
new regulations. Further, recent evidence 
shows that the nutritional value of school 
lunches has improved substantially (John-
son, Podrabsky, Rocha, & Otten, 2016), stu-
dents are eating more fruit, and plate waste 
has not increased (Cohen, Richardson, Park-
er, Catalano, & Rimm, 2014). There is rea-
son to be optimistic that progress improving 
student nutrition will continue as the overall 
school food system becomes accustomed to 
the new regulations and students become 
more familiar with the healthier recipes.

Tax Unhealthy Foods
Taxation can encourage healthy eating by 
making it more expensive to eat unhealthy 
foods and, if the funds are used as subsi-
dies, making it less expensive to eat healthy 
foods (Andreyeva, Chaloupka, & Brownell, 
2011; Brownell et al., 2009). Jacobson and 
Brownell (2000) proposed the idea of using 
the funds raised by a tax to subsidize healthy 
food purchases—an idea that had not been 
implemented previously when cities or states 
had imposed small taxes on snack foods or 
soda (Jacobson & Brownell, 2000). Over 
the past 15 years, the idea of taxing foods at 
a rate large enough to make a difference in 
consumption has transitioned from a radical 
idea that no one thought was feasible to a 
mainstream concept that has now been con-
sidered seriously in many states and cities 
around the country. This transition is due to 
a combination of scientific evidence, advo-
cacy, and lobbying.

In retrospect, there were a few key points 
that seemed to push the field forward. One 
was drawing an analogy between taxing 
tobacco and taxing food in order to give 
people a frame of reference for the idea that 
taxes could be used for public health pur-
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poses (Brownell & Warner, 2009). Another 
was testing the price elasticity of foods to 
determine whether increasing sugary drink 
prices, for example, would reliably decrease 
consumption. Economists have used both ac-
tual and simulated impact of prices on con-
sumption and demand to do this work and 
have found that consumption and demand 
for sugary drinks is generally price-elastic 
(Andreyeva, Long, & Brownell, 2010; Col-
chero, Popkin, Rivera, & Ng, 2016; Powell, 
Chriqui, Khan, Wada, & Chaloupka, 2013). 
Next, the field narrowed the target to a tax 
on sugary drinks, as opposed to a tax on 
unhealthy foods in general. This decision 
was justified by the strength of the science 
concerning the harm associated with sugary 
drinks; it also made the entire endeavor fea-
sible to implement in the retail system.

Once the target was clear, the battle to get 
a tax policy passed began. It became clear 
that the beverage companies were using the 
tobacco industry playbook (Brownell & 
Warner, 2009), which included the follow-
ing:

•• Focusing on personal responsibility as the 
cause of the nation’s unhealthy diet.

•• Raising fears that government action 
usurps personal freedom.

•• Vilifying critics with totalitarian lan-
guage, characterizing them as the food 
police, leaders of a nanny state, and even 
“food fascists,” and accusing them of de-
siring to strip people of their civil liberties.

•• Criticizing studies that hurt industry as 
“junk science.”

•• Emphasizing physical activity over diet.
•• Stating that there are no good or bad 

foods; hence no food or food type (soft 
drinks, fast foods, etc.) should be targeted 
for change.

•• Planting doubt when concerns are raised 
about the industry.

There have been campaigns to pass sugary 
drink taxes in several states and cities, and 
for several years, all of these efforts were 
defeated. However, in 2015, a ballot initia-
tive in Berkeley, California passed, which 
was an important step. Although the bever-
age industry tried to paint it as an extreme 
policy is an atypical place in the country, 
a year later in 2016, another tax passed in 

Philadelphia, Pennsylvania (Nadolny, 2016). 
In November 2016, taxes passed in three 
cities in California; Boulder, Colorado; and 
Cook County, Illinois (Dardick, 2016; Jan-
sen, 2016).

The research on the impact of taxes is 
being conducted now. So far, we know that 
the tax in Berkeley was passed on to the con-
sumer, which alleviates the concern that the 
beverage industry or retailers would under-
mine the effect of the tax by absorbing it and 
keeping the sugary drinks at the same price 
as they were before (Falbe, Rojas, Grum-
mon, & Madsen, 2015). Another recent 
study suggests that low-income individuals 
in Berkeley have decreased their consump-
tion of the taxed products by 21%, whereas 
consumption increased by 4% in compari-
son cities (Falbe et al., 2016).

Time will tell the long-term impact of this 
policy change, but evidence to date is en-
couraging. It is also possible that the earned 
media exposure associated with the tax 
campaigns is its own public health initiative 
because it is educating the public about the 
harm associated with sugary drinks.

The Future Policy Landscape
Balancing the Tension between Personal 
and Social Responsibility
The tension between personal and social re-
sponsibility has been central to public policy 
discussions. Opponents of policy approach-
es such as taxes, restrictions on marketing or 
sales practices of food companies, and even 
informational efforts such as menu labeling, 
raise cries of a nanny state, big brother, and 
intrusive government, as mentioned previ-
ously. The implicit and often explicit as-
sumption tied to these concerns is that per-
sonal responsibility is ignored.

It is possible to reconcile this tension 
(Brownell et al., 2010), and in fact this ten-
sion has been reconciled. Government has a 
long history of taking action to protect the 
health and well-being of its citizens in ways 
that support personally responsible behav-
ior. Food safety standards help create a safer 
food supply, but consumers must play their 
role by handling and preparing foods in 
proper ways. Labels on clothing help inform 
consumers, who then make choices about 
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what to purchase. Automobiles have seat 
belts, but drivers must assume responsibility 
for their use.

Because healthier default conditions sup-
port rather than undermine personal re-
sponsibility, this concept was clearly been 
embraced as policy once policy was passed 
to create better defaults (Brownell et al., 
2010; Johnson & Goldstein, 2003; Thaler & 
Sunstein, 2008). There has been widespread 
change, showing that the United States and 
many other countries have addressed the 
question about whether government has a 
legitimate role in encouraging healthier diets 
and in preventing obesity. School nutrition 
standards, menu-labeling requirements, lim-
iting trans fats in the food supply, pressure 
on food companies to reduce the marketing 
of unhealthy foods to children, and soda 
taxes are but a few of the initiatives that ex-
emplify this conceptual view.

Thinking Ahead
Even taking into account the vagaries of 
which political party is in power at the 
local, state, and national levels, there is a 
clear trend toward harnessing public policy 
to address obesity prevention in particular 
and dietary change in general. We expect 
this trend to continue, and for initiatives 
now underway to expand. Tough nutrition 
standards for schools are now being consid-
ered for preschool and child care settings. 
A critical mass of soda taxes seems to have 
been reached to embolden new jurisdictions 
to take action. Work on the nation’s dietary 
guidelines has led to reformulation of the 
food label and the impending addition of 
“added sugars” to the label.

It is difficult to predict trends in legisla-
tive and regulatory actions, as the composi-
tion of local, state, and federal legislatures 
and agencies change, but judging from prec-
edents such as tobacco policy (Brandt, 2007; 
Warner, 2014), we would expect continued 
progress on such policy fronts. Soda taxes 
may be increased in places that have passed 
them already, and a broader range of food 
could be taxed in some locations. Food 
package labeling would improve by high-
lighting added sugars, and we hope a tested 
front-of-package system for this key infor-
mation would be considered by legislators. 

There also appears to be momentum for 
health-related institutions such as hospitals 
to set nutrition standards for what can be 
sold and served on their premises, and gov-
ernment facilities to do the same to protect 
the health of employees (Centers for Disease 
Control and Prevention, 2016).

We also expect progress on food market-
ing, particularly that directed at children. 
There are legal barriers to efforts to require 
such change because of the protection of 
commercial speech afforded businesses by 
the courts from the interpretation of the 
First Amendment of the U.S. Constitution. 
There is some relevant legal authority vested 
in state and local authorities, particularly in 
state attorneys general, to address marketing 
and matters such as portion-size regulations 
(Pomeranz & Brownell, 2011, 2012, 2014).

Finally, we believe that the future will 
bring tighter connection between parties 
working on obesity and nutrition policies 
with those working on other areas of food 
policy. For example, the cost, availabil-
ity, and manufacturing of certain foods are 
heavily influenced by trade and agriculture 
policies, yet little connection occurs to link 
this information to work on obesity. Groups 
working to address hunger and food inse-
curity worldwide have, for the most part, 
not been connected to obesity policy. There 
are obvious places where linkage would be 
helpful. Nutrition standards for food banks 
and food pantries would ideally help address 
food insecurity and obesity simultaneously 
(Handforth, Hennink, & Schwartz, 2013). 
The link between early childhood malnutri-
tion/stunting and later risk for obesity and 
diabetes is another connection (Prentice, 
2006).

The lack of connection between individu-
als and organizations working on different 
areas of food policy exposes several key 
weaknesses in the current picture. One is 
that people working in the different areas 
do not learn from each other, and another 
is that the opportunity is missed to build 
much larger and stronger coalitions than 
now exist to argue for a common set of poli-
cies. As an example, there is great concern 
about increasing meat production and con-
sumption around the world (Herrero et al., 
2013). Those interested in public health nu-
trition are concerned about the associated 
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calorie and saturated-fat consumption, but 
alone are not a strong enough voice to re-
verse these trends. Groups such as the Na-
tional Resources Defense Council, Sierra 
Club, and sustainable agriculture groups un-
derscore the impact of meat production on 
climate change. Other groups focus on how 
meat production is so water intensive. Were 
the nutrition, environmental, and agricul-
ture groups to come together into a coalition 
to argue for policies that would curb meat 
consumption, the political might would far 
exceed what currently exists.

In sum, public policy offers the potential 
to reach the entire population of a city, state, 
or nation in ways that might help reduce the 
rates, progression, and economic and health 
impacts of obesity. Given that it is only in 
recent years that policies have entered the 
picture in legislative and regulatory circles, 
and in the past several years when most such 
policies have been enacted, data to know 
what work best and at what cost are just 
beginning to accumulate. Research to care-
fully evaluate the impact of policies and the 
processes by which they succeed or fail when 
proposed is an important need in the field. 
Our hope is that evidence-based approaches 
to policymaking will be the norm, and that 
as the evidence grows, a policy agenda for 
the nation will follow.
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