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Preface

At its annual meeting in 2017 the United Nations Educational, Scientific and 
Cultural Organization (UNESCO) inscribed the Caves and Ice Age Art in Swabian 
Jura, Germany on the World Heritage List. The caves have Aurignacian layers 
which date from 43,000 to 33,000 years ago. Among the items found in these ancient 
layers is a 6 cm tall statuette of a woman, carved out of mammoth ivory. This is the 
oldest known statue depicting a human being, and the woman clearly has obesity. 
Known as the Venus of Hohle Fels, the statuette helps us understand that for as long 
as there has been humanity, there have been individuals who can accumulate adi-
pose tissue. Ancient civilizations, including the Egyptians and the Greek, came to 
regard obesity as a disease, a concept which was forgotten and which up until 
recently was still the subject of intense debate.

Over the years the condition of having excess adipose tissue has been named 
obesity, fatness, adiposity, overweight, corpulence, plumpness, chubbiness, stout-
ness, portliness, heaviness, tubbiness, flabbiness, largeness, chunkiness, heftiness, 
and bulkiness. Obesity was considered a reflection of success and wealth – those 
with the means could afford the regular ingestion of excess calories, and perhaps the 
service of others, leading to the accumulation of fat mass. Historical figures like 
King Henry VIII of England exemplified obesity as a disease – he was known to be 
ill from his obesity, and his gout attacks are chronicled for posterity.

With wars and worldwide famine, with infectious diseases that limited longevity, 
with limitations of the food supply, and with lifestyles that demanded physical 
activity, the historical prevalence of obesity had been limited. Individuals with obe-
sity were featured attractions in traveling circuses, including Jack “The Happy Fat 
Man” Eckert and the “Humongous Circus Fat Man ‘Tom Ton’”, both of whom 
achieved notoriety at the turn of the nineteenth century.

With the industrialization of the world, humanity changed. Over the second half 
of the twentieth century, the food supplies of industrialized nations started to pro-
vide a steady stream of nutrients. There also developed myriads of disincentives for 
physical activity. With the advent of public health interventions, including waste 
disposal and water purification, the burden of infectious diseases significantly 
abated. And with the implementation of pasteurization, sterile techniques, and 
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 antibiotic treatments, the lifespan of human beings has been significantly prolonged. 
This all has allowed for the development of chronic diseases, including overweight 
and obesity, over the extended years of life for modern day humans.

We now understand that overweight and obesity represent a continuum of a com-
plex, multifactorial disease that leads to the loss of health for most individuals who 
have it. Further, we now also realize that adiposity (the accumulation of fat mass) is 
but one aspect of the disease. The discovery that adipose tissue is an endocrine 
organ, and that the adipocyte is an endocrine cell, established that there are changes 
in anatomy and function that are at the genesis of metabolic diseases. Adiposopathy 
and “sick fat” are terms that are now engrained in the literature which encompass 
these pathophysiological changes. For some of our colleagues, these terms are not 
acceptable (they cannot take ownership of what they did not conceive), and this has 
led to scientific discordance. We respectfully agree to disagree. Yet, for a new gen-
eration of physicians and scientists, familiarity with these terms has opened a new 
frontier in medicine.

This textbook has been written with an adipocentric perspective. Not only is it a 
thorough review of obesity medicine, it also helps the reader understand the impor-
tance of adipose tissue dysfunction in the genesis of the metabolic complications of 
overweight and obesity. Bariatric endocrinology is thus born, paving the way for a 
new generation of physicians to diagnose and treat adiposopathy.

Eagan, MN, USA J. Michael Gonzalez-Campoy
Rochester, MN, USA Daniel L. Hurley
Birmingham, AL, USA W. Timothy Garvey
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Chapter 1
Bariatric Endocrinology

J. Michael Gonzalez-Campoy

Pearls of Wisdom
• Bariatric endocrinology developed from the knowledge that adipose tissue 

is an endocrine organ that actively participates in the regulation of metabo-
lism and that it may become diseased (adiposopathy), thus contributing to 
the development of metabolic diseases.

• Adipose tissue may develop both anatomical and pathophysiological 
changes which lead to derangements of structure and function, collectively 
termed adiposopathy.

• Adipocytes both produce hormones with varied end-organ targets, and 
have receptors for many circulating hormones, establishing an active cross 
talk that maintains metabolic homeostasis. Adiposopathy leads to dysregu-
lation of metabolic homeostasis, forcing other tissues to compensate, and 
leading to metabolic diseases when compensation is inadequate.

• Overweight, obesity, and adiposopathy are caused by both a genetic pre-
disposition and environmental factors, and must be treated like any other 
chronic disease.

• The goals of bariatric endocrinology are to help individual patients 
decrease the burden of increased fat mass (treatment of adiposity) and to 
return adipose tissue function to normal (treatment of adiposopathy).

J. M. Gonzalez-Campoy 
Minnesota Center for Obesity, Metabolism and Endocrinology, PA (MNCOME),  
Eagan, MN, USA
e-mail: drmike@mncome.com

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-95655-8_1&domain=pdf
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1.1  Introduction

Bariatric endocrinology first became a subject at the 2014 meeting of the American 
Association of Clinical Endocrinologists (AACE) in Las Vegas, Nevada. The co- 
editors of this textbook held a scientific session that defined obesity as an endocrine 
disease, adipose tissue as an endocrine organ, and the adipocyte as an endocrine 
cell. As such, obesity became not just a disease of excessive fat mass but rather a 
treatment target for clinical endocrinologists, a major goal of treatment becoming 
the correction of underlying adipose tissue dysfunction. This emerging position has 
been difficult to understand and accept by the vast majority of physicians who still 
think of success in the treatment of obesity as merely a reduction in poundage. This 
textbook of bariatric endocrinology was conceived after the 2014 AACE meeting to 
set the stage for future generations of clinicians who will have learned that adipose 
tissue dysfunction is a viable target of medical interventions, in addition to the tra-
ditional goal of decreasing fat mass. A brief history of how we got here is 
important.

In 1903, Dr. Perry published a paper entitled “The Nature and Treatment of 
Obesity” in the California State Journal of Medicine. He described obesity as “20 
per cent to 40 per cent excess of weight over the normal of 2.05 pounds per inch of 
height, or 300 grammes per centimeter.” In his paper, he explained that corpulence 
must be due to excessive muscular development, excessive fatty tissue, excessive 
water, myxedema, or pseudo-muscular hypertrophy. Prior to his publication, there 
are no indexed papers with obesity in the title in the National Library of Medicine. 
For the next half century, the view of adipose tissue became one of a storage organ. 
Yet the concept that obesity is a risk to health dates back to the writings of 
Hippocrates. And over this half century, progress was made identifying obesity as a 
disease.

In 1963, the emerging field of lipidology defined the role that adipose tissue had 
to play in lipid metabolism. Dr. Martha Vaughan and colleagues at the National 
Institutes of Health (NIH) documented that there is a hormone-sensitive triglyceride- 
splitting enzyme activity in adipose tissue. Hormone-sensitive lipase was shown to 
respond to epinephrine, leading to increased lipolysis and defining adipose tissue as 
a target of circulating hormones. Insulin was subsequently shown to inhibit this 
same enzyme, being strongly antilipolytic. In 1976, Dr. Lewis Williams and col-
leagues identified beta-adrenergic receptors in adipocytes, confirming that the adi-
pocyte was indeed under hormonal control.

The first hints of a circulating factor that could affect fat mass came earlier. In 
1959, parabiosis experiments done by Dr. Hervey at the University of Cambridge, 
in which paired rats were made to exchange blood and plasma by being surgically 
conjoined at the hip, provided an important clue to the presence of a circulating fac-
tor that could regulate energy stores. Damage to the ventromedial hypothalamus 
leads to obesity caused by overeating in rats. The damage prevents the ventromedial 
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hypothalamus from responding to physiological signals that suppress appetite. 
When a rat with a ventromedial hypothalamus lesion is conjoined to a normal rat, 
the rat with the lesion overeats and gains weight. The normal rat without a lesion, 
on the other hand, significantly decreases its caloric intake, losing weight and 
declining food even when made available. When both paired rats have damage to 
the ventromedial hypothalamus, both overfeed and gain weight. This was strong 
evidence of a circulating factor that decreases caloric intake by stimulating a hypo-
thalamic target, thus decreasing fat mass. And it was also evidence that there is 
central regulation of energy balance.

In the late 1980s, adipose tissue was found to produce estrogen. Aromatase, the 
enzyme responsible for the synthesis of estrogen from testosterone, was identified 
in adipose tissue. This established the adipocyte as an endocrine cell capable of 
synthesizing estrogen. The degree of adiposity was subsequently related to the 
amount of estrogen in the circulation of patients with obesity and reproductive tract 
cancer. But aromatase and estrogen were not exclusive to adipose tissue.

In 1949, mice homozygous for the ob mutation (ob/ob mice) were first identified 
at the Jackson Laboratory. These mice exhibit uncontrolled feeding and develop 
obesity. In 1990, the ob gene was mapped. Subsequently, the gene product of the ob 
gene was identified as a hormone. When the gene product was given to ob/ob mice, 
it suppressed excessive feeding and promoted weight loss. Accordingly, this protein 
was named leptin, a derivative of the Greek root for “thin,” lepto. Leptin was the 
first adipocyte-derived hormone (adipokine) to be discovered. A search of the Medi- 
Span database as of 2016 includes over 13,000 references with the word leptin in 
the title.

When leptin was characterized as a hormone made exclusively in adipose tissue, 
the search for other adipocyte products intensified. Adipocytes were also shown to 
produce adiponectin (which improves insulin sensitivity), adipsin (which is defi-
cient in obesity), resistin (which causes insulin resistance), and visfatin (which has 
plasma glucose-lowering effects). Additionally, adipose tissue was shown to pro-
duce inflammatory cytokines including interleukin-6, tumor necrosis factor-alpha, 
and macrophage and monocyte chemoattractant protein-1, documenting its poten-
tial for macrophage infiltration and the development of inflammation.

By the late 1990s, the view of adipose tissue as a mere storage organ had been 
replaced by the contemporary perspective that it actively participates in the signal-
ing that regulates the body’s energy needs. The concept that adipose tissue may 
become diseased, or that adiposopathy may develop, was introduced into the medi-
cal literature by Dr. Harold Bays in 2004. Adiposopathy is now a treatment target in 
clinical endocrinology.

With a recognized worldwide obesity epidemic, there were over 64,000 publica-
tions on the subject by the end of 2015 (Fig. 1.1). This chapter reviews the epidemi-
ology of obesity, its economic impact, its differential effect in different ethnic 
groups, the public health efforts to address it, and the principles of bariatric endocri-
nology that will help treat this disease.
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1.2  The Obesity Epidemic in the United States of America 
(USA)

1.2.1  Adult USA Population

The National Health and Nutrition Examination Survey (NHANES) is a program of 
studies designed to assess the health and nutritional status of adults and children in 
the United States. It is funded by the Centers for Disease Control (CDC), through the 
National Center for Health Statistics (NCHS). The survey is unique in that it com-
bines interviews and physical examinations. All counties in the United States are 
divided into 15 groups based on their characteristics. One county is selected from 
each large group, and together, they form the 15 counties in the NHANES surveys 
for each year. Within each of these 15 counties, smaller groups, with a large number 
of households in each group, are formed. Between 20 and 24 of these small groups 
are then selected. In each small group, all the houses and apartments are identified, 
and a sample of about 30 households is selected for interviewers to visit. A computer 
algorithm randomly selects some, all, or none of the household members.

NHANES data for USA adults ages 20 or higher from 1962 documented that 
30.5% of the population had a body mass index (BMI) in the range of 25–29.9 kg/
m2, and 12.8% had a BMI of 30 kg/m2 or more. By 2012, these numbers had risen 
to 33.9% and 35.1%, respectively. For this period, there was a 1.7-fold increase in 
the prevalence of people with a BMI of 30 kg/m2 or more.
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The Behavioral Risk Factor Surveillance System (BRFSS) is a system of health- 
related telephone surveys that collect state data about USA residents regarding their 
health-related risk behaviors, chronic health conditions, and the use of preventive 
services. It also is funded by the CDC. BRFSS was established in 1984 with 15 
states and has expanded to collect data in all 50 states, the District of Columbia, and 
three USA territories. BRFSS completes more than 400,000 adult interviews each 
year, making it the largest continuously conducted health survey system in the 
world.

Figure 1.2 shows the 2015 BRFSS data on the prevalence of self-reported obesity 
among adults in the USA by state and territory. BRFSS USA data show that in 2015:

• No state had a prevalence of obesity less than 20%.
• In six states (California, Colorado, Hawaii, Massachusetts, Montana, and Utah) 

and the District of Columbia, obesity ranged from 20% to less than 25%.
• Nineteen states and Puerto Rico had a prevalence of obesity between 25% and 

less than 30%.
• Obesity prevalence in 21 states and Guam was from 30% to less than 35%.
• Four states (Alabama, Louisiana, Mississippi, and West Virginia) had an obesity 

prevalence of 35% or greater.
• The south had the highest prevalence of obesity (31.2%), followed by the 

Midwest (30.7%), the northeast (26.4%), and the west (25.2%).

Using the NHANES 2011–2012 database, the prevalence of obesity is higher 
among middle-age adults age 40–59 years (40.2%) and older adults age 60 and over 
(37.0%) than among younger adults age 20–39 (32.3%).
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Fig. 1.2 Prevalence of self-reported obesity among USA adults by state and territory, BRFSS, 
2015. (From Centers for Disease Control. https://www.cdc.gov/obesity/data/prevalence-maps.
html (accessed 9/5/2016))
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1.2.2  Children and Adolescent USA Population

The prevalence of obesity in 2011–2014 was 17.0%, and extreme obesity (defined 
as a BMI at or above 120% of the sex-specific 95th percentile on the CDC BMI-for- 
age growth charts) was 5.8%. Childhood obesity has also been documented to 
become more prevalent since the first reports by the NCHS using the 1988–1994 
NHANES database. This textbook focuses on adult bariatric endocrinology, but 
these data are included because youth with obesity will swell the ranks of adults 
having the disease at a much younger age than previous generations.

1.3  Obesity in USA Racial and Ethnic Groups

Using data from 9120 participants in the 2011–2012 nationally representative 
NHANES database, in the USA non-Hispanic blacks have the highest age-adjusted 
rates of obesity (48.1%), followed by Hispanics (42.5%), non-Hispanic whites 
(34.5%), and non-Hispanic Asians (11.7%). Among non-Hispanic black and Mexican-
American men, those with higher incomes are more likely to have obesity than those 
with low incomes. To the contrary, higher-income women are less likely to have obe-
sity than low-income women.

1.4  Obesity in Geographical Regions of the World

In 1988, Gurney and Gorstein published initial data compiled by the World Health 
Organization (WHO) on the prevalence of obesity in many countries. The publica-
tion validated that, for adults, the body mass index is reasonably easy to obtain and 
correlates well with mortality and morbidity risk. For children, “overweight” is 
indicated by a weight-for-height ratio above the median NCHS value plus two stan-
dard deviations. By 1999, the prevalence of obesity around the world was estimated 
to exceed 250 million people. The first formal WHO Consultation on obesity con-
cluded that the global obesity epidemic was a consequence of modernization, eco-
nomic development, urbanization, and other societal changes. These led to 
widespread reductions in spontaneous and work-related physical activity and to 
excessive consumption of energy dense foods. The International Obesity Task Force 
launched a global initiative for coherent action to tackle the epidemic of obesity. 
Despite increased awareness and attempts to intervene at the public health level, the 
prevalence of obesity around the world has continued to rise.

Reports on the prevalence of obesity in both adults and children from countries 
around the world continue to highlight both potential causes and opportunities for 
intervention. In 2008, the prevalence of obesity (using estimated mean BMI in a 
regression model to predict overweight and obesity prevalence by age, country, 
year, and sex) in women ranged from 1.4% (0.7–2.2%) in Bangladesh and 1.5% 
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(0.9–2.4%) in Madagascar to 70.4% (61.9–78.9%) in Tonga and 74.8% (66.7–
82.1%) in Nauru. Obesity in men was below 1% in Bangladesh, Democratic 
Republic of the Congo, and Ethiopia and was the highest in Cook Islands (60.1%, 
52.6–67.6%) and Nauru (67.9%, 60.5–75.0%). Figure 1.3 shows the latest data on 
the prevalence of obesity compiled by WHO, as of 2015.

The WHO data have also clearly established the rising rates of diabetes world-
wide, parallel to the development of obesity. Some populations around the world 
seem particularly susceptible to the twin epidemics of obesity and diabetes. In India, 
for example, defining obesity as a BMI of 25 kg/m2 or higher, the incidence of obe-
sity rose from 2% to 17.1% of the population between 1989 and 2003. This repre-
sented a 750% increase in the incidence of obesity. Over the same period, the 
incidence of diabetes rose from 2.2% to 6.4% of the population, a 191% increase. 
At the CDC, Ali Mokdad and colleagues documented the same parallel rise in the 
incidence of obesity and diabetes in the USA. Between 1998 and 2012, there was a 
96% increase in the incidence of obesity, defined as a BMI of 30 kg/m2 or higher, 
with a 43% concomitant increase in the incidence of diabetes. It has also been estab-
lished that the incidence of hypertension, dyslipidemia, and diabetes rises with BMI 
thresholds from normal to overweight to obesity.

1.5  The Economic Impact of Obesity

Awareness of the increasing prevalence of obesity from data generated by the CDC 
in the 1980s and 1990s led to significant concern about the financial impact of this 
disease. Early projections based on the prevalence of obesity of 34 million adults in 
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Fig. 1.3 Worldwide prevalence of obesity by BMI*, ages 18+, both sexes, 2014. (From World 
Health Organization. http://gamapserver.who.int/mapLibrary/Files/Maps/Global_Obesity_2014_
BothSexes.png (27/Mar/2015 post; accessed 9/5/2016))
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the USA in 1980 led to the estimate of 1986 expenditures of $11.3 billion for diabe-
tes, $22.2 billion for cardiovascular disease, $2.4 billion for gallbladder disease, 
$1.5 billion for hypertension, and $1.9 billion for breast and colon cancers—$39.3 
billion or around 5.5% of the costs of illnesses in 1986.

In 2011, a simulation model, to project the probable health and economic conse-
quences in the next two decades from a continued rise in obesity in the USA and the 
United Kingdom (UK), estimated 65 million and 11 million more adults with 
 obesity in the USA and the UK, respectively, by 2030. The projections were for an 
additional 6–8.5 million cases of diabetes, 5.7–7.3 million cases of heart disease 
and stroke, 492,000–669,000 additional cases of cancer, and 26–55 million quality- 
adjusted life years forgone for the USA and the UK combined. The combined medi-
cal costs associated with the treatment of these preventable complications of obesity 
were estimated to increase by $48–66 billion/year in the USA and by £1.9–2 billion/
year in the UK by 2030.

By the end of 2014, the National Center for Weight and Wellness at George 
Washington University placed the cost of obesity at more than $300 billion annually 
in direct medical and nonmedical services, decreased worker productivity, disabil-
ity, and premature death.

There are now projections that weight loss reduces lifetime health-care costs. 
Using claims data for 2.1 million beneficiaries in the federal government in 2008, 
there were 857,200 patients with overweight and 521,800 patients with obesity, all 
aged 18–64 years. Among federal beneficiaries who have overweight or obesity, 
lifetime expenditures decline by $440 (3% discount rate) for each permanent 1% 
reduction in body weight. This includes $590  in savings from improved health, 
offset by $150 in additional expenditures from prolonged life. Estimates range from 
a $660 reduction for adults aged <45 years with obesity to a $40 gain for adults 
aged 55–64 years with obesity, where expenditures from increased longevity exceed 
savings from improved health. If weight loss is temporary and regained after 
24 months, lifetime expenditures decline by $40 per 1% reduction in body weight. 
The long- term benefits from weight loss are substantially greater than the short-
term benefits.

There are additional economic correlates to the epidemic of obesity. Obesity 
results in increased medical expenditures and absenteeism among full-time employ-
ees. Approximately 30% of the total costs to employers result from increased absen-
teeism. Employees with stage 3 obesity represent about 3% of the employed 
population but account for 21% of the costs of obesity. These costs do not include 
the additional loss of income to employers from disability and presenteeism (loss of 
productivity during the time present at work). Physical disabilities magnify the 
costs of obesity. The combination of physical disabilities and obesity costs employ-
ers around $23.9 billion/year or roughly 50% of the total costs attributable to obe-
sity in the USA. Using data on medical expenditures and body weight from the 
National Health and Interview Survey and the Medical Expenditure Panel Survey, it 
is estimated that, in a health plan with a coinsurance rate of 17.5%, obesity imposes 
a welfare cost of about $150 per capita on health insurance costs. The welfare loss 
to health insurance companies can be reduced by technological change that lowers 

J. M. Gonzalez-Campoy



9

pecuniary and nonpecuniary costs of losing weight and also by increasing the coin-
surance rate for people with obesity. The workplace has become a venue of active 
obesity prevention and treatment as a means to decrease health-care costs to employ-
ers and to increase productivity. Regardless, the rates of personal bankruptcy have 
risen along with the incidence of obesity. Using the National Longitudinal Survey 
of Youth 1979, a duration model was used to investigate the relative importance of 
obesity on the timing of bankruptcy. Even after accounting for possible endogeneity 
of BMI and controlling for a wide variety of individual and aggregate-level con-
founding factors, having obesity puts a person at a greater risk of filing for bank-
ruptcy. Thus, obesity has an impact on the individual employee and also on the 
employers.

Older adults with obesity are twice as likely to be admitted to a nursing home. 
Many have comorbidities such as type 2 diabetes mellitus. Older adult patients with 
obesity and diabetes incurred one in every four nursing home days. Besides the 
costs of early entrance into nursing facilities, caring for residents with obesity is 
different than caring for residents who do not have obesity. Residents with obesity 
need additional equipment, supplies, and staff costs. Unlike emergency rooms and 
hospitals, nursing homes do not have federal requirements to serve all patients. 
Some nursing homes are not prepared to deal with patients with stage 2 or higher 
obesity, having to decline their care. The epidemic of obesity makes this gap in 
nursing home care a public health concern.

In addition to all the financial considerations mentioned above, an estimated 15 
million adults in the USA took prescription medications concurrently with herbal 
remedies and/or high-dose vitamins in 1997. Alternative medicine professional ser-
vices in 1997 were estimated at $21.2 billion, with at least $12.2 billion paid out-of- 
pocket. The total 1997 out-of-pocket expenditures on alternative therapies, estimated 
at $27 billion, matched the 1997 out-of-pocket expenditures for all USA physician 
services. Alternative therapies for weight management incurred the American pub-
lic a $30 billion expenditure in 2003 without documentable long-term benefit.

Medical tourism is a relatively new phenomenon. Facing increasing health-care 
costs and the dilemma that obesity care is frequently excluded from coverage, many 
find it cheaper to have medical interventions abroad. This is certainly true for both 
bariatric surgery procedures and cosmetic surgeries following weight loss. The 
debate about safety, efficacy, and overall cost of care continues, but there is an 
increasing call for the globalization of medicine. With cheaper medical consulta-
tion, pharmacotherapy, and surgical costs abroad, many patients cross borders to 
secure medical care at a lower cost.

1.6  Obesity and Mortality

Actuarial tables from insurance companies provided the first data that overweight 
and obesity conveyed a higher risk of death. In 1972, Ancel Keys and colleagues 
coined the term BMI and published the formula for calculating it. For most people, 
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BMI is a reflection of fat mass. But individuals may have changes in BMI that are 
not related to fat mass—especially when body weight changes due to water (edema 
or dehydration) or muscularity (muscle hypertrophy or sarcopenia). Yet, data cor-
relating BMI to death have continued to document a higher mortality risk for people 
at higher BMIs. In an analysis of pooled data from 19 prospective studies including 
1.46 million white adults age 19–84, Cox regression was used to estimate hazard 
ratios and 95% confidence intervals for an association between BMI and all-cause 
mortality, adjusting for age, study, physical activity, alcohol consumption, educa-
tion, and marital status. The median age was 58 years. The median baseline BMI 
was 26.2 kg/m2. During a median follow-up period of 10 years (range, 5–28 years), 
160,087 deaths were identified. In white adults, overweight and obesity are associ-
ated with increased all-cause mortality. All-cause mortality is lowest within the 
BMI range of 20.0–24.9 kg/m2. Similar findings were published by the Prospective 
Studies Collaboration in the UK. Analysis of data from almost 900,000 adults in 57 
prospective studies, documents that overall mortality is lowest at a BMI between 
22.5 and 25 kg/m2 in both genders and at all ages after adjustment for smoking sta-
tus. Table 1.1 lists the cause-specific mortality versus baseline BMI in the ranges of 
15–25 and 25–50 kg/m2.

Table 1.1 Cause-specific mortality versus baseline BMI in the ranges 15–25  kg/m2 and 
25–50 kg/m2

BMI range -->
15–25 kg/m2 25–50 kg/m2

Deaths HR (95% CI) Deaths HR (95% CI)

Ischemic heart disease 7461 1.22 (1.13–1.32) 10,783 1.39 (1.34–1.44)
Stroke 2964 0.92 (0.82–1.03) 3164 1.39 (1.31–1.48)
Other vascular disease 2648 0.84 (0.75–0.95) 3396 1.47 (1.39–1.56)
Diabetes 171 0.96 (0.59–1.55) 393 2.16 (1.89–2.46)
Kidney disease (non-neoplastic) 197 1.14 (0.74–1.77) 217 1.59 (1.27–1.99)
Liver disease (non-neoplastic) 489 0.69 (0.52–0.91) 603 1.82 (1.59–2.09)
Lung cancer 2959 0.71 (0.63–0.79) 2040 0.98 (0.88–1.09)
Upper aerodigestive cancer 685 0.49 (0.39–0.61) 471 0.90 (0.79–1.20)
Other specified cancer 6134 0.94 (0.87–1.02) 6190 1.12 (1.06–1.18)
Respiratory diseasea 2426 0.31 (0.28–0.35) 1344 1.20 (1.07–1.34)
Other specified disease 2049 0.62 (0.54–0.71) 1823 1.20 (1.10–1.31)
External cause 2112 0.82 (0.71–0.95) 1720 1.19 (1.08–1.32)
Unknown causebn 4961 0.72 (0.66–0.79) 5349 1.22 (1.16–1.28)
All causes 35,256 0.79 (0.77–0.82) 37,493 1.29 (1.27–1.32)

From: Prospective Studies C et al. (2009)
Hazard ratio (HR) per 5 kg/m2 higher BMI (HR): HR less than 1 if BMI inversely associated with 
risk. Analyses exclude the first 5 years of follow-up and adjust for study, sex, age at risk (in 5-year 
groups), and baseline smoking status
BMI body mass index, Kg kilogram, m meter, HR hazard ratio, CI confidence interval
aHR 0.37 (95% CI: 0.30–0.44) in the range 15–25 kg/m2 after exclusion of the first 15 years of 
follow-up (leaving 956 deaths)
bIncludes 4113 deaths from cancer of unspecified site
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The concept that increasing BMI conveys increased mortality was challenged by 
observations of improved survival for patients undergoing hemodialysis, or with 
heart failure, at increasing BMIs. This obesity paradox has been clarified. It is indi-
viduals who have low cardiorespiratory fitness and inactivity that have the greater 
health threat. And in 2014, Cerhan and colleagues published the observation that in 
white adults a higher waist circumference is positively correlated with a higher 
mortality at all levels of BMI from 20 to 50 kg/m2. Therefore, BMI alone is inade-
quate to assess mortality risk, and the waist circumference should be assessed even 
for those with a normal BMI.

1.7  Obesity Clinical Practice Guidelines: Overcoming 
a Century of Discrimination Against Patients 
with Obesity

In July 1965, President Lyndon Johnson signed into law the creation of Medicare 
under Title XVIII of the Social Security Act. Medicare was created to provide health 
insurance to people age 65 and older, regardless of income or medical history. In 
1965, there was no awareness of obesity as a disease. Coverage for obesity care was 
not considered under Medicare, a situation that largely remains the same. In 2010, 
Lee and colleagues did a state-by-state analysis of Medicaid for adult and pediatric 
obesity care. Very few states ensured coverage of recommended treatments for obe-
sity through Medicaid or private insurance. On the other hand, most states allowed 
obesity to be used to adjust rates in the small-group and individual markets and to 
deny coverage in the individual market.

In my state of Minnesota, statute 256B.0625 (Covered Services), Subdivision 
13d (Drug formulary), specifically states that “the state’s formulary shall not include 
drugs used for weight loss, except that medically necessary lipase inhibitors be 
covered for a recipient with type 2 diabetes.” The genesis of this language comes 
from an obsolete notion that medications for the treatment of obesity are not safe or 
have the potential for abuse.

Overcoming the historical barriers to health care access for patients with obesity, 
given how deeply rooted they are, will require a major socioeconomic change. 
Fortunately, on many different fronts this is coming.

The following chronology outlines some of the recent developments that have 
advanced the social, political, and economical agendas to allow patients with over-
weight, obesity, and adiposopathy access to the medical care they need.

1916 The Association for the Study of Internal Secretions is founded.
1950 The National Obesity Society is organized.

[This is the first professional organization dedicated to the study and treat-
ment of patients with obesity and associated conditions. It was named in 
succession the National Glandular Society, The American College of 
Endocrinology and Nutrition, The American Society of Bariatrics, and The 
American Society of Bariatric Physicians (ASBP)].
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1952 The Association for the Study of Internal Secretions changes its name.
The Endocrine Society (TES) begins operations.

1959 FDA approves phentermine for the short-term treatment of obesity.
1977 The Healthcare Financing Administration (HCFA) rules that obesity is not 

a disease.
1982 North American Association for the Study of Obesity (NAASO) is formed.
1983 American Society for Bariatric Surgery (ASBS) is formed.

[A surgical society to advance the art and science of metabolic and bariat-
ric surgery].

1986 European Association for the Study of Obesity (EASO) is created.
1991 American Association of Clinical Endocrinologists (AACE) is founded.
1998 National Heart, Lung, and Blood Institute (NHLBI)—in collaboration with 

NAASO publishes.
Clinical Guidelines on the Identification, Evaluation, and Treatment of 
Overweight and Obesity.
[These guidelines recognized obesity as a chronic disease].

1999 WHO publishes a consultation on obesity.
[Highlights the benefits of weight loss].

2001 Surgeon General David Satcher. The Surgeon General’s Call to Action to 
Prevent and Decrease Overweight and Obesity.
[Recognizes overweight and obesity as a nationwide epidemic. Calls to 
both prevent and treat overweight and obesity but fails to incorporate 
pharmacotherapy].

2002 Internal Revenue Service (IRS) issues a ruling on obesity.
[Expenses for the treatment of obesity qualify as deductible medical expenses].

2002 NHLBI—National Cholesterol Education Program (NCEP), Adult 
Treatment Panel (ATP) III.
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults.
[Incorporated measurement of waist circumference as a component of the 
dysmetabolic syndrome].

2002 WHO issues BMI thresholds for Asian populations.
2003 American Medical Association (AMA) publishes Roadmaps for Clinical 

Practice.
[First comprehensive primer on Assessment and Management of Adult 
Obesity in 10 booklets authored by Dr. Robert F Kushner and colleagues, 
including tools to implement effective treatment of obesity].

2004 Harold Bays, MD, introduces the term “adiposopathy,” or “sick fat”.
2004 TES publishes A Handbook on Obesity in America.
2004 AMA Obesity Summit held.

[Medical practice, Schools, Worksite, and Community workgroups issued 
recommendations to address the epidemic of obesity].

2004 Centers for Medicare and Medicaid Services (CMS) remove the phrase 
“obesity is not an illness”.

2005 NAASO changes its name to The Obesity Society (TOS).
2006 CMS issues a ruling on coverage for bariatric surgery.

[Establishes a national coverage policy for bariatric/metabolic surgery].
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2007 ASBS changes its name to the American Society for Metabolic and Bariatric 
Surgery (ASMBS).

2008 TOS published a white paper on evidence that obesity is a disease.
2010 AACE holds the first Adipose Tissue Pathophysiology Scientific 

Conference.
[Proceedings not published due to the lack of funding and support from 
AACE leadership at the time].

2011 The American Board of Obesity Medicine (ABOM) is established.
Joined the American Board of Bariatric Medicine and the Certified Obesity 
Medicine Physician into a single certification process. The effort was led by 
Dr. Robert F. Kuchner.
[Established to serve the public and the field of obesity medicine through 
the establishment and maintenance of criteria and procedures for examina-
tion and certification of candidate physicians who seek recognition of their 
accomplishments in obesity medicine].

2012 AACE Position Statement on Obesity and Obesity Medicine.
[AACE views obesity as a disease].

2013 AACE and TOS issue Clinical Practice Guideline:
Healthy eating for the prevention and treatment of metabolic and endocrine 
diseases in adults.
[First-ever evidence-based, reference-graded clinical practice guideline on 
healthy eating].

2013 AMA ends the debate about obesity being a disease.
[Resolution 420 recognizes obesity as a disease requiring a range of medi-
cal interventions to advance obesity treatment and prevention].

2013 ASBP Obesity Algorithm: Adult Adiposity Evaluation and Treatment.
[Includes that adiposopathy or “sick fat” is part of the obesity disease 
complex].

2013 NIH-NHLBI Management of Overweight and Obesity in Adults.
[The guideline was issued with evidence-based recommendations before 
new obesity medications were released—focused on behavior modification 
interventions].

2014 EASO Position Statement on Multidisciplinary Obesity Management in 
Adults.
[Obesity management cannot focus only on weight and BMI reduction. 
Emphasizes comprehensive approach to obesity management].

2014 Veteran’s Administration and Department of Defense.
Evidence-based Clinical Practice Guidelines for Screening and Management 
of Overweight and Obesity.
[The first government agency in the USA to call for pharmacotherapy and 
bariatric surgery as adjuncts to comprehensive lifestyle intervention].

2014 AACE/ACE holds Consensus Conference on Obesity Pillar Participants.
[Reiterates that obesity is a chronic disease—incorporated as a clinical 
component in addition to an anthropometric component in the definition of 
obesity].

2014 AACE and American College of Endocrinology (ACE).
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Position Statement on the 2014 Advanced Framework for a New Diagnosis 
of Obesity as a Chronic Disease.
[Redefined obesity at a BMI of 25 kg/m2 in the presence of one or more 
obesity- related complications].

2014 J.  Michael Gonzalez-Campoy, MD, PhD, FACE introduces “Bariatric 
Endocrinology” to the medical literature.
[Establishes that adipose tissue is an endocrine organ that may have 
derangements of structure and function which may affect other organs, con-
tributing to, or precipitating, metabolic diseases, and calls for endocrinolo-
gists to make it a  treatment goal to return adipose tissue to normal by 
applying the same model of chronic disease management that is applied to 
other chronic diseases].

2014 AACE holds the first session on Bariatric Endocrinology at its annual 
meeting.

2015 TES—Pharmacological Management of Obesity: An Endocrine Society 
Clinical Practice Guideline.
[Formally establishes pharmacotherapy for overweight and obesity as the 
standard of care].

2016 ASBP changes its name to Obesity Medicine Association (OMA).
2016 AACE-ACE Clinical Practice Guidelines for Comprehensive Medical Care 

of Patients with Obesity.
[The first comprehensive guideline incorporating all aspects of clinical care, 
including pharmacotherapy — evidence based, and reference graded].

1.8  Role of Adipose Tissue: Adiposity Versus Adiposopathy

Bariatric endocrinology was born from the need to address adipose tissue as an 
endocrine organ and to study the role of adiposopathy in the etiology of metabolic 
diseases. Further, bariatric endocrinology focuses on the development of medical 
interventions that return adipose tissue to normal. Whereas the loss of adipose 
tissue mass improves the complications of adiposity, the treatment of adiposopa-
thy, independent of fat mass, is now a primary treatment target for clinical 
endocrinologists.

As with any other chronic disease, the continuum of overweight and obesity, 
with or without adiposopathy, may be treated, managed, controlled, and even put 
into remission. But it cannot be cured. Patients need to understand this premise, 
because the treatment of obesity is life-long. The implementation of models of 
chronic disease management for the treatment of obesity provides the appropriate 
framework for success. Thus, obesity treatment should include all available treat-
ment modalities, from lifestyle changes that include better nutrition and more 
physical activity (NOT diet and exercise) to pharmacotherapy, to the use of devices, 
and to surgery for weight loss.

J. M. Gonzalez-Campoy
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1.9  Principles of Bariatric Endocrinology

The principles of bariatric endocrinology also include:

• Every patient who has overweight or obesity should be initially evaluated for 
causes and complications of weight gain, including adiposopathy.

• Every patient who has overweight or obesity should have periodic risk 
re-stratification.

• The application of the same principles of chronic disease management to over-
weight and obesity, with or without adiposopathy.

• Behavior modification must be at the core of treatment for every patient. Small 
incremental and sustained changes are the best approach to achieve success long 
term.

• The team approach should be offered to all patients with overweight or obesity 
to achieve improved nutrition and increased physical activity.

• Pharmacotherapy must be an integral part of treatment for all patients who have 
overweight or obesity, with or without adiposopathy.

• Failure of monotherapy to achieve treatment goals should not lead to discontinu-
ation of the agent. Rather causes for an inability to lose weight should be sought, 
and combination therapy should be used. In the absence of clinical trials to vali-
date combinations of obesity medications, as is the case always in clinical medi-
cine, the interests of the patient come first. Combination therapy frequently 
results in ongoing success with treatment.

• Bariatric surgery should be reserved for patients who are truly refractory to med-
ical management.

1.10  Conclusion

The combined efforts of the many physicians and scientists who have studied 
 adipose tissue, the adipocyte, and obesity as a disease, have helped shape the emerg-
ing field of bariatric endocrinology. As an endocrine cell, the adipocyte fits in the 
domain of clinical endocrinology. As a tissue with active cross talk, capable of mod-
ulating the function of other organs and contributing to the development of meta-
bolic diseases, adipose tissue dysfunction is now a treatment target for the clinical 
endocrinologist and for bariatric endocrinology. Moving forward, the goals of treat-
ment must be to decrease the burden of fat mass for the physical complications of 
obesity but also to return adipose tissue function to normal, for adiposopathy.
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Chapter 2
The Adipocyte

Elena A. Christofides

Pearls of Wisdom
• Adipose tissue is the largest organ by weight in the human body. The adi-

pocyte is the predominant functional cell in adipose tissue, and it is an 
endocrine cell.

• Adipose tissue is heterogeneous; its function is determined by the type of 
adipocytes that form it and other cells that may infiltrate it.

• The fat vacuole in adipocytes is the site where most triglyceride storage 
occurs.

• Adipose tissue is an endocrine organ. It can make autocrine, paracrine, 
and, endocrine factors; all of which play a major role in metabolism 
homeostasis, including leptin and adiponectin.

• Adipose tissue has receptors for many different hormones, putting it at the 
crossroads of metabolism and offering the promise of therapeutic options 
for overweight, obesity, and metabolism.

E. A. Christofides  
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2.1  Introduction

The concept that adipose tissue is just for storage of energy in the form of lipids has 
long been discarded. The functional unit of adipose tissue, the adipocyte, has been 
defined as an active endocrine cell. It has receptors that respond to hormones made 
by other organs, and it too makes hormones that help regulate metabolism. In addi-
tion to this, numerous paracrine and autocrine factors are known to regulate adipo-
cyte function across its cell cycle. The adipocyte therefore plays an integral role in 
maintaining metabolic homeostasis. The adipocyte, as any other cell, has the poten-
tial for becoming dysfunctional, which then contributes to metabolic disorders. This 
chapter describes the adipocyte (and adipose tissue) as a crucial player in the regula-
tion of metabolism.

2.2  Teleology

Adipose stem cells reside as peroxisome proliferator-activated receptor (PPAR)-γ–
positive mural cells in a vascular niche within adipose tissue. Maintenance of adi-
pose tissue in adult humans is a dynamic process that involves stem cell commitment, 
quiescence, and eventual proliferation. Differentiation may be in the form of early 
recruitment, or of late lipid filling. These processes, which define the life cycle of 
adipocytes, are under the influence of environmental stimuli, which include the 
composition of meals, caloric load, medications, and tissue injury.

From their common precursor cell, the development of adipocytes is not uni-
form. Adipose cell development is dependent on its functional destiny. Our current 
understanding is that there are predominantly three types of adipocytes: white, 
brown, and beige.

White adipose tissue (WAT) arises from stem cells of mesodermal origin. It pri-
marily serves as an energy repository to protect the needs of animals during times 
of prolonged caloric deficit. This is compared to the liver, which stores and releases 
calories readily to meet our immediate energy needs in times of acute energy shifts. 
WAT is detectable by the midpoint of gestation and is capable of increasing over 
time. It was previously believed that WAT was metabolically inert but is now appre-
ciated to be as significant as brown adipose tissue (BAT) in the overall hormonal 
control of metabolism. WAT plays a key role in the control of the thyroid, thymus, 
and reproductive organs. Indeed the integration of energy management for the sus-
tainability of an organism and future generations of humans makes healthy WAT a 
basic necessity.

Brown adipose tissue (BAT) is the subject of intense interest and research. BAT 
arises from stem cells of mesodermal origin as well and is only apparent in mam-
mals. It has a genetic fingerprint similar to that of skeletal muscle tissue. Both have 
cell surface marker myogenic factor 5 (Myf5), which is lacking in all other adipose 
tissue lines. BAT is responsible for nonshivering thermogenesis as opposed to 
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shivering- induced thermogenesis of muscle tissue. Although the repository of BAT 
is thought to be fixed and stable, it is clear that the absolute volume of BAT decreases 
as an animal ages and is inversely correlated to body mass index (BMI). Energy 
consumption by BAT for thermoregulation is via the activation of uncoupling pro-
tein (UCP)-1 present in the mitochondria.

Beige adipose tissue arises from a similar but distinct preadipocyte precursor 
stem cell line as WAT. Partial induction of WAT into beige adipose tissue is possible, 
but a separate and stable population of beige adipocytes does exist. Induction of 
beige adipose tissue increases the expression of UCP1 and nonshivering thermogen-
esis. The fate of an adipocyte into WAT or beige is determined by environmental 
pressures such as exposure to cold or beta-adrenergic stimuli. Beige adipose tissue 
is easily induced by these various forms of stimuli, which suggests an evolutionarily 
protective need for a flexible mode of thermogenesis.

2.3  Adipocyte Cytology

The adipocyte has a fibroblast morphology but is distinct from skin fibroblasts 
reflective of its mesodermal origin. Perilipin proteins mark the cell surface of all 
adipocytes and the phosphorylation of these proteins is a key requirement of lipid 
mobilization.

WAT and beige adipocytes are characterized by globularly shaped cells consist-
ing of a single, large lipid droplet with the nucleus and a few mitochondria eccentri-
cally placed. WAT hormone receptor density on the cell surface is greater than that 
of BAT. The connective tissue supportive structure is vascular and innervated. Key 
features that distinguish WAT are the presence of PPARγ, glucose transporter 4 
(GLUT4) and leptin receptors on the cell surface, and the absence of UCP1 capable 
mitochondria. Beige adipocytes share all the key features of WAT with the excep-
tion that they have UCP1 capable mitochondria.

BAT is characterized by a polygonal-shaped cell with multiple, smaller lipid 
droplets and numerous mitochondria located in a more uniform fashion. The con-
nective tissue supportive structures are more vascular than that of WAT, and the 
innervation is predominantly β-adrenergic. Key features that distinguish BAT are 
the presence of PPAR-Ύ and GLUT4 and the absence of leptin receptors on the cell 
surface. The mitochondria of BAT are UCP1 capable and are more densely packed 
with cristae lending BAT its name and characteristic coloration.

2.4  Adipocyte Physiology

The role of adipose tissue varies based on type and location. Although hormone 
receptor density is greater with WAT than with BAT, functional outcome is ulti-
mately determined by activation and the relationships between the various hormonal 
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control messengers. The following is a brief review of enzymes and hormones that 
adipose tissue makes, and those that have effects on adipose tissue, thus helping to 
maintain metabolic homeostasis.

WAT is located in the subcutaneous tissue layer with concentrated depots in the 
thighs, buttocks, and abdomen. Smaller depots exist around the kidneys, intestines, 
and omentum. The basic role of WAT is to take up unesterified fatty acids from the 
circulation and esterify them using diacylglycerol acyltransferase (DGAT), allow-
ing for storage into triglyceride-containing lipid droplets. These depots represent 
the greatest repository of triglycerides in mammalian tissue with coupled oxidative 
phosphorylation to produce adenosine triphosphate (ATP) as the primary product.

BAT is concentrated centrally in the cervical, supraclavicular, and axillary areas. 
The basic role of BAT is the utilization of triglycerides in uncoupled oxidative phos-
phorylation, which produces thermal energy as the primary product.

Fat storage and fat breakdown in adipocytes are under control by lipoprotein 
lipase (LPL) and hormone-sensitive lipase (HSL), which is modulated by 
 epinephrine and insulin. In the fasting state, HSL is active, leading to the hydrolysis 
of triglycerides. This generates fatty acids and glycerol, which become a substrate 
for gluconeogenesis. After feeding, HSL activity is suppressed and LPL activity 
increases.

2.4.1  Intracellular Signals

Within the cellular processes of the adipocyte, adenosine monophosphate (AMP)-
activated protein kinase (AMPK) is a key regulator of glucose metabolism, as it is 
directly responsible for the phosphorylation of acetyl-CoA. AMPK indirectly stim-
ulates fatty acid oxidation and cellular glucose uptake by facilitating translocation 
of GLUT4 to the cell surface of the adipocyte with subsequent downregulation of 
gluconeogenesis gene transcription. AMPK increases with prolonged fasting via an 
alteration of the ratio of AMP/ATP rather than an absolute change in the concentra-
tion of either compound. AMPK is activated by adiponectin and leptin. In BAT, 
AMPK acts as a regulator of chronic thermogenic potential and not an acute activa-
tor of nonshivering thermogenesis. This effect of cold exposure is mediated via the 
activation of the β-adrenergic system. Physical activity, particularly endurance 
physical activity, can induce AMPK via muscle-derived interleukin (IL)-6.

DGAT1 is one of the most recognizable enzymes of a functioning adipocyte. It 
produces triacylglycerol (TG) from diacylglycerol (retinol) and is stimulated by 
feeding. The highest concentration of DGAT1 is in adipose tissue. DGAT1 is also 
present in the lumen of the intestines, where it contributes to the uptake of fatty 
acids for transport into the plasma, and in the liver, where it is involved in lipid 
synthesis.

The PPAR family has numerous well-described subtypes that have varied but 
critically integrated functions. They are all stimulated by prolonged fasting (greater 
than 24 h) and serve to activate fatty acid oxidation. Various polyunsaturated fats 
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(PUFA) such as arachidonic acid are natural endogenous ligands. All PPARs form 
heterodimers with retinoid X receptors (RXR) in order to bind to deoxyribonucleic 
acid (DNA) and induce transcription. PPAR-α is activated by energy deprivation. It 
is necessary for ketogenesis, and its activation leads to the upregulation of genes 
involved in fatty acid transport and breakdown. On the other hand, PPAR-δ and 
PPAR-β are activated by all-trans retinoic acid (RA), which subsequently recruits 
RXR. This complex integration is a key step in the adipocyte uptake of FFA, pro-
duction of lipid droplets, and adipogenesis via recruitment and differentiation.

PPAR-Ύ coactivator 1-alpha (PGC-1α) is a major integrator of the external cell 
signals to the nucleus in the interior. It serves as a cofactor to PPAR-Ύ, thyroid 
hormone, and AMPK. The main stimuli for PGC-1α are cold, cellular stress signals, 
endurance exercise, and prolonged fasting. It coordinates the signal between 
PPAR-Ύ and thyroid hormone to induce UCP action for thermogenesis. Reactive 
oxygen species (ROS) and reactive nitrogen species (RNS) are key inducers of 
PGC-1α via IL-1RN. When stimulated by endurance exercise or other cellular stress 
signals, PGC-1α establishes a lactate threshold by determining mitochondrial bio-
genesis as well as inducing muscle fiber fuel pathway switching. Specifically, 
PGC-1α has been shown to be able to switch cardiac muscle utilization away from 
a glycolytic fuel source to a fatty acid oxidation fuel source. PGC-1α activation in 
the fasting state is via glucagon and cyclic AMP, which induce gluconeogenesis in 
the liver and fatty acid oxidation by downregulating insulin signaling. PGC-1α 
increases the expression of GLUT4 in the fed state. There is a subsequent increase 
in glucose uptake in the skeletal muscle predominantly.

2.4.2  Hormone Receptors in Adipocytes

There are numerous receptors that have been identified in adipose tissue. Some are 
clearly established to be in adipocytes, and others are located in other cell types 
within adipose tissue. The expression of receptors varies between adipose tissue 
location and type.

2.4.2.1  Insulin Receptor Stimulation Leads to Lipogenesis

Insulin is likely the most recognizable anabolic hormone signal. The insulin recep-
tor is a cell surface tyrosine kinase receptor embedded in the plasma membrane of 
adipose tissue and is composed of two alpha subunits in the extracellular space, 
which serve as the hormone-binding site, and two beta subunits in the intracellular 
space. Insulin receptor activation causes an increased rate of glycolysis through 
increased hexokinase and 6-phosphofructokinase activities. Insulin also stimulates 
glycogen synthesis. Movement of glucose and FFA requires the activation of 
GLUT4 by insulin in all tissues except for the brain and liver. Insulin facilitates the 
uptake of glucose and free fatty acids (FFA) by adipocytes. By increasing the rate of 
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glucose transport across the cell membrane, insulin increases fatty acid and triglyc-
eride uptake in adipocytes, stimulating the growth of the lipid droplet.

2.4.2.2  Epinephrine Receptor Stimulation Leads to Lipolysis

Epinephrine has long been known to cause a rapid increase in lipolysis. There are at 
least five adrenergic receptors in adipose tissue: α1, α2, β1, β2, and β3. Binding of 
β-adrenergic receptors by epinephrine causes an immediate rise in cyclic adenosine 
monophosphate (cAMP). The rise in cAMP activates cAMP protein kinase. This 
enzyme phosphorylates various target proteins in adipocytes. Epinephrine binding 
of the β-adrenergic receptors activates HSL and causes lipolysis. On the other hand, 
the activation of α2 receptors has the opposite effect, lowering cAMP and decreas-
ing the rate of lipolysis.

Epinephrine has a higher affinity for α2- than the β-adrenergic receptors. The 
level of expression of β-adrenergic and α2-adrenergic receptor subtypes differs 
depending on the anatomic location of fat deposits. The higher net effect of epineph-
rine to cause lipolysis is therefore a function of differential receptor stimulation.

2.4.2.3  Thyroid Hormone Receptor Stimulation Causes Lipolysis

Thyroid hormones are capable of free movement in and out of all cells. Thyroid 
hormones stimulate nuclear receptors (which exist in several isoforms) and also 
bind thyroid response elements in target genes. The thyroid hormone concentrations 
in adipose tissue are modulated by deiodinases.

Thyroid hormones activate many genes in adipocytes and have effects on adipo-
cyte proliferation, adipocyte differentiation, adipocyte gene expression, and ulti-
mately adipocyte function. Thyroid hormone stimulation of the adipocyte leads to 
increased mobilization of free fatty acids (FFA) in WAT, which stimulates oxidative 
phosphorylation. In BAT, thyroid hormone stimulates UCP1 via β-adrenergic stimu-
lation, increasing thermogenesis.

As an example of how thyroid hormone acts in the adipocyte, triiodothyronine 
stimulates the adiponutrin gene. Adiponutrin is a triacylglycerol lipase whose 
upregulation by triiodothyronine results in the hydrolysis of triacylglycerol. Thyroid 
hormone effects are in turn modulated by other hormones. For example, lipoprotein 
lipase is downregulated by triiodothyronine but upregulated by triiodothyronine 
with norepinephrine.

2.4.2.4  Steroid Hormone Receptors

There are numerous steroid hormone receptors present on adipose tissue which are 
responsive primarily to circulating sex steroids. These are members of the ligand- 
dependent transcription factor family of steroid receptors. The adipocyte produces 
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enzymes that modulate steroid hormone activity (i.e., hydroxysteroid dehydroge-
nases) in response to individual steroid hormone signals. The expression and action 
of these steroid enzymes are adipose tissue-type specific but primarily serve to 
antagonize the actions of insulin.

17-β-hydroxysteroid dehydrogenase (BHSD) mediates the conversion of weak 
androgens or estrogens into their more potent counterparts, specifically androstene-
dione to testosterone and estrone to estradiol. The enzyme aromatase in adipocytes 
converts androgens to estrogens, specifically androstenedione to estrone and testos-
terone to estradiol. The ratio of the expression of 17-BHSD to aromatase is inversely 
related to adipose tissue location (subcutaneous versus visceral) and is correlated 
with central adiposity. Both are cytochrome P450-dependent aromatases.

3-BHSD and its allosteric 3α counterpart are the only members of the steroid 
enzyme family that are not dependent on cytochrome P450. 3-BHSD mediates the 
conversion of progesterone from pregnenolone, 17-hydroxypregnenolone from 
17-hydroxyprogesterone, and androstenedione from dehydroepiandrosterone 
(DHEA), creating active sex steroids from precursor molecules.

11-BHSD is highly expressed in visceral adipose tissue. It is responsible for the 
local conversion of hormonally inactive 11β-ketoglucocorticoid metabolites (corti-
sone) to hormonally active 11β-hydroxylated metabolites (cortisol). The cortisol 
produced does not contribute to circulating levels of cortisol. Locally produced and 
circulating cortisol each contributes to net lipolysis.

Estrogen receptor (ER)-α stimulation protects adipose tissue against inflamma-
tory damage and allows for subcutaneous adipocyte number expansion. On the 
other hand, a state of estrogen deficiency promotes adipocyte hypertrophy, ectopic 
fat deposition, and decreased subcutaneous adipocyte number expansion. Estrogen 
deficiency leads to a proinflammatory milieu, adipose tissue fibrosis, and 
adiposopathy.

Table 2.1 summarizes some of the adipocyte receptors that have been character-
ized to date.

2.4.3  The Adipocyte as an Endocrine Cell

While all adipose tissue is hormonally active, WAT produces an astounding array of 
protein products that have far-reaching actions. Many of the products of adipose 
tissue are structurally similar to cytokines and are thus called adipokines. These are 
better termed adipose tissue hormones.

2.4.3.1  Adipsin

Adipsin was first described in 1987 and became the first adipose tissue hormone 
identified. Adipsin is a serine protease made by mature WAT and is a critical com-
ponent of acylation-stimulating protein (ASP), which regulates adipocyte function 
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via a G-protein receptor. ASP specifically increases lipoprotein lipase action, which 
improves the clearance of FFA and the production of triglycerides. Adipsin helps 
maintain beta cell function in people with diabetes by generating C3a, a peptide that 
is a potent insulin secretagogue. Adipsin levels are paradoxically decreased in obe-
sity, which contributes to the development of hyperglycemia. Adipsin is also 
involved in the suppression of infection.

2.4.3.2  Leptin

Leptin is likely the most well known of the adipose tissue hormones. Leptin is a 
167-amino acid protein whose gene is located on chromosome 7 in humans. The 
leptin gene is expressed not only in WAT but also in BAT, stomach, liver, placenta, 
and mammary glands. It has a tertiary structure that fits into the cytokine family, for 
which the term adipokine was used. Leptin circulates in the serum both in free form 
and bound to carrier proteins. Leptin levels increase with increasing fat mass as well 
as nutrient sufficiency. Hyperleptinemia is a hormonal derangement found almost 
universally in humans with obesity.

The original description of the function of leptin was that it induces weight loss 
in leptin-deficient animals with obesity. Subsequently, obesity has been character-
ized as a state of increasing leptin levels with increasing fat mass. Therefore, in 
humans with obesity, a slimming effect of leptin is not apparent. This has given rise 
to the concept of leptin resistance. Another way of interpreting the role of leptin is 

Table 2.1 Adipocyte receptors

Adipocyte receptor Effect of receptor stimulation in adipocytes

Adenosine Antilipolytic
Adrenergic receptor α1 Antilipolytic, glycogenolysis, lactate production
Adrenergic receptor α2 Antilipolytic, activation of mitogen-activated protein kinases
Adrenergic receptor β1 HSL activation, lipolysis, glycogenolysis
Adrenergic receptor β2 HSL activation, lipolysis, phosphorylation of GLUT 4 with 

inhibition of insulin-induced glucose transport
Adrenergic receptor β3 HSL activation, lipolysis
Angiotensin I Antilipolytic
Angiotensin II Lipogenesis
Estrogen receptor α Anti-inflammatory, promotes expansion of the subcutaneous 

adipose tissue
Glucocorticoid receptor Lipolytic
Insulin receptor Lipogenesis, antilipolytic, activation of GLUT 4 receptors
Natriuretic peptide receptor Lipolysis, increased adiponectin release
Neuropeptide Y receptor Antilipolytic, increased leptin release
Peptide YY receptor Antilipolytic, increased leptin release
Prostaglandin E2 (paracrine 
factor) receptor

Antilipolytic

HSL Hormone-sensitive lipase, GLUT Glucose transporter type 4
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that it is a signal from adipose tissue to the central nervous system (CNS) about how 
much energy the body has in storage.

Neuropeptide Y (NPY) is produced by the gut and the hypothalamus. Stimulation 
of central NPY neurons leads to feeding. Leptin has receptors in the lateral hypo-
thalamus, where it inhibits hunger by counteracting the effects of NPY. Leptin also 
counteracts tetrahydrocannabinol receptors in the lateral hypothalamus, leading to 
further inhibition of hunger. α-melanocyte-stimulating hormone (MSH) has effects 
opposite to those of NPY; it suppresses feeding. Stimulation of leptin receptors in 
the medial hypothalamus promotes the synthesis of α-MSH; hence, leptin indirectly 
suppresses hunger.

Women have higher serum leptin concentrations than men, so gender is a modu-
lator of leptin. There is also a diurnal variation in circulating leptin levels, with the 
highest levels between midnight and early morning. Patients with obesity and 
obstructive sleep apnea have reductions in circulating leptin levels with institution 
of treatment with continuous positive airway pressure. In lean people, leptin levels 
rise with 8–12 h of unbroken sleep. Conversely, sleep deprivation causes a drop in 
leptin levels. Estrogen, testosterone, emotional stress, dexamethasone, and insulin 
all raise leptin levels. Regular physical activity decreases leptin levels independent 
of fat mass.

Leptin levels are most significantly impacted by acute changes to caloric intake. 
Leptin serum concentrations may decrease up to 30% after a 72-h fast. This drop in 
leptin is sensed by the brain as an acute stress and results in the decreased produc-
tion of sex steroids and thyroid hormone and a rise in cortisol and insulin-like 
growth factor (IGF)-1. The same fasting with leptin replacement does not lead to 
these changes in pituitary axis hormones.

Leukocytosis is associated with hyperleptinemia. Acute infection increases 
leptin as well as other inflammatory cytokines. Thus, leptin also functions as an 
acute phase reactant to activate the immune system.

2.4.3.3  Adiponectin

Adiponectin is a 244-amino acid protein that belongs to the collagen superfamily. It 
is made by mature adipocytes and is primarily produced by subcutaneous 
WAT. Adiponectin is also made by the placenta. Circulating adiponectin levels are 
lower in males than females. Levels of adiponectin are inversely correlated to fat 
mass and insulin resistance, with declining levels being predictive of the clinical 
onset of type 2 diabetes mellitus. Interestingly, adiponectin levels also correlate 
with the degree of inflammation associated with endocrine and rheumatologic auto-
immune diseases. The metabolites of adiponectin are biologically active, and the 
specificity of their actions is tissue specific. The metabolites can alternately activate 
proinflammatory macrophages or deactivate them into anti-inflammatory mono-
cytes. These actions have been linked to decreased foam cell formation.

There are two major adiponectin receptors identified: adiponectin receptor 1 and 
adiponectin receptor 2. They are members of the progestin and adipoQ receptor 
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family, therefore also known as PAQR1 and PAQR2, respectively; each has seven 
transmembrane domains, and they are G protein-coupled receptors. The adiponectin 
receptors bind globular and full-length adiponectin and mediate increased AMPK 
and PPAR-α activity, fatty acid oxidation, and glucose uptake. They are expressed 
mainly in the liver and muscle but also in the heart, adipose tissue, osteoblasts, pan-
creas, leukocytes, and brain. Adiponectin receptor activation translates into 
improved insulin sensitivity via fatty acid oxidation and increased energy 
 expenditure, diminished hepatic glucose production and decreased oxidized low-
density lipoprotein-induced endothelial proliferation.

2.4.3.4  Resistin

Resistin is an amino acid chain encoded by the RETN gene. It was discovered in 
2001 and named because it causes insulin resistance when injected into mice. 
Resistin is a product of WAT and is predominantly expressed by visceral adipose 
tissue. Resistin levels increase with obesity, although this is not a universal finding. 
Increasing fat mass causes the upregulation of resistin, with further adipocyte dif-
ferentiation. Mice lacking resistin have reduced hepatic glucose production and low 
blood glucose levels after fasting. In the liver, resistin increases the production of 
low-density lipoprotein and degrades the LDL receptors.

2.4.4  Other Adipose Tissue-Circulating Factors

Adipose tissue releases into the circulation hormones and other chemicals that do 
not originate in the adipocytes. Rather they come from cells that reside in the stroma 
and the vasculature of adipose tissue. Many of these circulating factors significantly 
contribute to the regulation of metabolism. Table 2.2 contains many of the identified 
adipose tissue factors and their role, and the discussion that follows highlights some 
of them.

2.4.4.1  Angiotensinogen

Angiotensinogen is classically discussed in relationship to the renin-angiotensin- 
aldosterone system (RAAS), the control of blood pressure, and vascular volume. All 
components of RAAS are capable of being produced by adipose tissue, but visceral 
adipose tissue is a significant contributor to angiotensinogen levels. Local levels of 
angiotensinogen do directly contribute to overall blood pressure regulation. Further, 
locally produced angiotensin II causes lipogenesis through the stimulation of the 
angiotensin II receptor while blocking lipolysis through the angiotensin I receptor, 
thus contributing to the accrual of fat mass.
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Table 2.2 Adipose tissue products

Adipose tissue product Process it is involved in

α1-acid glycoprotein Immune system, acute-phase reactants, and inflammation
Acylation-stimulating 
protein

Lipid and lipoprotein metabolism; insulin sensitivity of the muscle, 
hepatocyte, and adipocyte

Adiponectin Metabolism and energy homeostasis; insulin sensitivity of the muscle, 
hepatocyte, and adipocyte

Adipsin Immune system, acute-phase reactants, and inflammation; insulin 
sensitivity of the muscle, hepatocyte, and adipocyte

Adrenomedullin Blood vessel control and angiogenesis
Amyloid A3 Immune system, acute-phase reactants, and inflammation
Angiopoietin-2 Blood vessel control and angiogenesis
Angiotensinogen Blood vessel control and angiogenesis
Angiotensin II Blood vessel control and angiogenesis
Apelin Blood vessel control and angiogenesis; insulin sensitivity of the 

muscle, hepatocyte, and adipocyte
Asproxin Metabolism and energy homeostasis; insulin sensitivity of the muscle, 

hepatocyte, and adipocyte
Autotaxin Lipid and lipoprotein metabolism
Cathepsin L Immune system, acute-phase reactants, and inflammation
Cathepsin S Immune system, acute-phase reactants, and inflammation
Cholesterol ester 
transport protein

Lipid and lipoprotein metabolism

Collagen type 6 Metabolism of extracellular matrix
Complement factor B Immune system, acute-phase reactants, and inflammation
Complement factor C3 Immune system, acute-phase reactants, and inflammation
Complement factor D Immune system, acute-phase reactants, and inflammation
Cortisol Immune system, acute-phase reactants, and inflammation; lipid and 

lipoprotein metabolism
Epidermal growth 
factor 8

Metabolism of extracellular matrix

Estradiol Adipose tissue development; metabolism and energy homeostasis; 
insulin sensitivity of the muscle, hepatocyte, and adipocyte

Haptoglobin Immune system, acute-phase reactants, and inflammation
Insulin-like growth 
factor 1

Adipose tissue development

Interleukin-1β Immune system, acute-phase reactants, and inflammation
Interleukin-1 receptor 
antagonist

Immune system, acute-phase reactants, and inflammation

Interleukin-6 Metabolism and energy homeostasis; immune system, acute-phase 
reactants, and inflammation; insulin sensitivity of the muscle, 
hepatocyte, and adipocyte

Interleukin-8 Metabolism and energy homeostasis; immune system, acute-phase 
reactants, and inflammation

Interleukin-10 Immune system, acute-phase reactants, and inflammation

(continued)
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Table 2.2 (continued)

Adipose tissue product Process it is involved in

Leptin Food intake and activation of the sympathetic nervous system; 
metabolism and energy homeostasis; blood vessel control and 
angiogenesis; insulin sensitivity of the muscle, hepatocyte, and 
adipocyte

Lipocalin 24p3 Immune system, acute-phase reactants, and inflammation
Lipoprotein lipase Lipid and lipoprotein metabolism
Macrophage 
inflammatory protein 
1β

Immune system, acute-phase reactants, and inflammation

Metallothionein Immune system, acute-phase reactants, and inflammation
Metalloproteases Metabolism of extracellular matrix
Mitogen factor Adipose tissue development
Monobutyrin Blood vessel control and angiogenesis
Monocyte 
chemoattractant 
protein-1

Immune system, acute-phase reactants, and inflammation

Nerve growth factor Adipose tissue development
Omentin-1 Insulin sensitivity of the muscle, hepatocyte, and adipocyte
Pentraxin-3 Immune system, acute-phase reactants, and inflammation
Plasminogen activator 
inhibitor-1

Metabolism of extracellular matrix

PPAR-ϒ angiopoietin- 
related protein

Blood vessel control and angiogenesis

Prostacyclin Lipid and lipoprotein metabolism
Prostaglandin E2 Lipid and lipoprotein metabolism
Prostaglandin F2α Lipid and lipoprotein metabolism
Resistin Metabolism and energy homeostasis; insulin sensitivity of the muscle, 

hepatocyte, and adipocyte
Retinol-binding  
protein 4

Lipid and lipoprotein metabolism; metabolism and energy homeostasis

Thrombopoietin Blood vessel control and angiogenesis; adipose tissue development
Tissue inhibitor of 
metalloproteases 1

Metabolism of extracellular matrix

Tissue inhibitor of 
metalloproteases 2

Metabolism of extracellular matrix

Tissue inhibitor of 
metalloproteases 3

Metabolism of extracellular matrix

Tumor necrosis factor 
α

Immune system, acute-phase reactants, and inflammation

Vaspin Insulin sensitivity of the muscle, hepatocyte, and adipocyte
Vascular endothelium 
growth factor

Blood vessel control and angiogenesis; adipose tissue development

Visfatin Insulin sensitivity of the muscle, hepatocyte, and adipocyte

PPAR-ϒ Peroxisome proliferator-activated receptor-ϒ
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2.4.4.2  TNF-α

TNF-α is produced by macrophages residing in adipose tissue and has effects on 
adipocytes and the liver. In adipocytes TNF-α deactivates the insulin receptor, sup-
presses lipogenesis, induces lipolysis, and increases the uptake of glucose and non-
esterified fatty acids. It is capable of suppressing adiponectin and has been shown to 
be synergistic to elevated levels of plasminogen activator inhibitor-1.

2.4.4.3  Interleukin-6

Interleukin (IL)-6 is an adipokine whose receptor is homologous to leptin. It is pref-
erentially expressed by visceral adipose tissue. IL-6, as an adipokine, is a potent 
trigger of the hepatic acute phase reaction. Circulating levels in the periphery cor-
relate to adiposity and diabetes, whereas the inverse is true of the levels in the CNS. 
IL-6 functions to decrease food intake and increase energy expenditure through 
catabolic pathways, thereby decreasing adipogenesis. IL-6 inhibits adiponectin and 
insulin receptor function.

2.4.4.4  Plasminogen Activator Inhibitor-1 (PAI-1)

PAI-1 is produced predominantly by visceral adipose tissue, and circulating levels 
are strongly correlated to the degree of visceral adiposity. The levels of PAI-1 are 
predictive of the development of diabetes and cardiovascular disease.

2.4.4.5  Omentin

Omentin is the first fat depot-specific secretory protein to be identified. It was discov-
ered through the sequencing of expressed sequence tags from a human omental fat 
cDNA library. Omentin mRNA encodes a peptide of 313 amino acids, containing a 
secretory signal sequence and a fibrinogen-related domain. Omentin mRNA is pre-
dominantly expressed in visceral adipose tissue and is barely detectable in subcutane-
ous fat in humans. The source of omentin is the stromal-vascular cells and not 
adipocytes themselves. Omentin has a vasodilation effect in isolated blood vessels. 
Addition of recombinant omentin in vitro increases insulin-stimulated glucose uptake.

2.5  Epigenetic Changes Which Can Influence the Function 
of the Adipocyte

Epigenetics is an emerging field in pathophysiology. It is defined as “the study of 
changes in organisms caused by modification of gene expression rather than alteration 
of the genetic code itself.” These changes have been described as DNA methylations, 
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histone acetylations, and chromatin alterations. DNA methylation occurs when a 
methyl group (CH3) is added to the cytosine or adenine nucleotides of DNA. The addi-
tion of a methyl group can create either a gain of function or loss of function within a 
gene group and may be permanent. Some epigenetic changes are heritable particularly 
if they occur in the oocyte prior to fertilization. Many of the methylations occur due 
to environmental pressures either in utero or during postnatal growth.

One of the most significant epigenetic changes seen in humans has been the alter-
ation of the circadian clock. Maternal health during the peripartum period has acute 
and chronic epigenetic influences on the fetal circadian clock. Circadian dysrhythmia 
is known to negatively impact energy balance and long-term health maintenance.

A significant body of evidence on epigenetics exists in animal studies owing to 
the ease of rapid generational manipulations and observations. Unsurprisingly, 
manipulation of dietary macronutrient composition has been the most impactful on 
the health of the adipocyte. Female animals made overweight by the feeding of a 
high-fat diet tend to produce offspring that have an increase in body mass at birth 
which persists into adulthood. However, if the female is fed a high-fat diet where the 
ratio of PUFA to saturated fat intake is increased, the substitution of saturated fat by 
PUFA appears to ameliorate some of those epigenetic pressures on the offspring, 
with a decreased adipocyte mass at birth. Animals fed high-fat and high-sugar meals 
during gestation give birth to offspring that have altered growth hormone regulation. 
Methylation of IGF genes induces a gain of function which leads to higher birth 
weight, higher glucose, and higher leptin levels, all of which contribute to subse-
quent increased overall insulin resistance. Animals fed high-fat meals alone during 
gestation develop an upregulated methylation of PPAR-Ύ and give birth to offspring 
with lower bone density due to reduced osteocyte populations. Poor protein intake 
before and during gestation induces histone methylation, which silences skeletal 
muscle GLUT4 action. Poor protein intake during gestation also leads to a gain of 
function DNA methylation in IGF-2 and Zinc transport proteins. This is accentuated 
with high-fat feeding in the offspring, which is partially reversible with offspring 
folate supplementation.

2.6  How Aging Influences the Adipocyte-Adipocyte Cross 
Talk

The most significant change that occurs in the aging person is the progressive loss of 
BAT. The inability to maintain the most thermogenically active repository of adipo-
cytes creates a metabolic mismatch. There is recruitment of smaller adipocytes by 
larger adipocytes with a transfer of lipid droplets. Increasing recruitment creates a 
more inflammatory adipocyte. Decreased expression of PPAR-Ύ in the visceral adi-
pose tissue drives increases in regulatory T-cell numbers, IL-6, monocyte chemoat-
tractive protein (MCP)-1, and palmitate which increase TNF-α. There is an inverse 
correlation that occurs in the bone marrow with an increased expression of PPAR-Ύ. 
This leads to a shift away from osteoblast formation to adipocyte formation owing 
to a common progenitor cell line. Markers of bone formation decrease accordingly.
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2.7  Other Functions of Adipose Tissue

2.7.1  Thermogenesis and Insulation

Brown adipose tissue is capable of generating heat in mammals, but this process is 
limited in humans. Beta-adrenergic receptor stimulation by norepinephrine causes 
a rise in cAMP, which then stimulates HSL. The ensuing production of free fatty 
acids from triglycerides provides the substrate for mitochondria to generate heat. 
UCP (also called thermogenin) is a 33-kDa inner-membrane mitochondrial protein 
exclusive to brown adipocytes. UCP functions as a proton transporter, allowing 
protons to bypass the ATP synthase channel. The dissipation of the energy gener-
ated by the proton gradient produces heat. Nonshivering thermogenesis is regu-
lated by thyroid hormone, epinephrine, and leptin through the activation of the 
sympathetic nervous system. The induction of brown fat differentiation and the 
stimulation of thermogenesis remain areas of interest as potential treatment targets 
for obesity.

The subcutaneous distribution of adipose tissue allows it to serve as a layer of 
insulation. In humans, this role of subcutaneous fat is limited. Blubber in animals, 
on the other hand, is required for survival in some climates.

2.7.2  Padding

Adipose tissue serves the role of padding for other organs. In the subcutaneous 
space, it protects nerves and blood vessels from trauma. Loss of subcutaneous fat 
increases the risk of extravasation of the blood. In the internal cavities of the body, 
adipose tissue also provides padding. This is especially true of the intra-abdominal 
organs.

2.7.3  Contouring

Adipose tissue provides substance that shapes and contours the body. Adipose tissue 
is indispensable to shape the female breasts, the facial features, and the hips. 
Abnormal fat mass quantity and distribution results in distortions of contour.

2.8  Adipose Tissue Circulation and Nerve Supply

As is the case for every tissue in the body, adipose tissue has its blood supply and 
innervation. This was first recognized in 1948, but an active investigation into these 
components of adipose tissue has only recently yielded clues to their importance in 
adipose tissue physiology and pathophysiology.
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2.9  Conclusion

Adipose tissue is the largest organ by weight in humans. Adipose tissue physiology 
remains an emerging field of medicine. Adipose tissue is now known to have many 
major roles in maintaining metabolic homeostasis. In addition to serving as a reser-
voir for triglycerides, the adipocyte both secretes paracrine and endocrine factors 
and has receptors for many hormones, putting it at the crossroad of metabolism. 
Understanding the physiology of the adipocyte, and of adipose tissue, helps us 
define their pathophysiology. This in turn will provide therapeutic options for the 
treatment of overweight, obesity, and adiposopathy.
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Chapter 3
Hormonal Regulation of Energy Balance 
and Energy Stores

J. Michael Gonzalez-Campoy

Pearls of Wisdom
• The human body has fuel sensors that engage a complex network of hor-

monal and neural regulation of food intake and energy stores.
• Adipose tissue is a target for insulin, adrenalin, and other circulating hor-

mones and is the major site for energy storage in the human body.
• Adipose tissue directly signals the brain through leptin receptors, which 

are integrated with other stimuli in the regulation of food intake.
• Adipose tissue actively signals other organs involved in energy homeosta-

sis, including the pancreas, liver, and muscle.
• Adiposopathy leads to alterations in the function of other organs, including 

the liver, muscle, brain, and endocrine pancreas. This cross talk from adi-
pose tissue translates into clinical hyperglycemia, dyslipidemia, hyperten-
sion, systemic inflammation, and vasculopathy.

J. M. Gonzalez-Campoy  
Minnesota Center for Obesity, Metabolism and Endocrinology, PA (MNCOME),  
Eagan, MN, USA
e-mail: drmike@mncome.com

3.1  Introduction

Humans sustain life by ingesting nutrients at regular intervals. There are biological 
drivers of food intake that get triggered during energy deprivation. Conversely, 
these biological drivers are turned off with the provision of energy. The integrated 
regulation of energy balance and energy stores involves the sensing of nutrients; 
the generation of signals from organs involved, which reflect their current 
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energetic state; and the translation of these signals into action. The afferent limbs 
of the nervous system provide input to the brain from the periphery, but there is a 
rich hormonal signaling as well. The brain generates signals of hunger or satiety 
based on the integration of both neural and humoral signals. Within the brain, the 
hypothalamus is the major determinant of the body’s action to maintain or change 
the current energy status. The hypothalamus is integrated into neural circuits that 
regulate its activity with input from other areas of the brain. The hypothalamus is 
also the major regulator of pituitary function leading to the neurohormonal regula-
tion of metabolism. Neurohormonal regulation also occurs through the efferent 
limbs of the nervous system and the innervation of the organs involved in energy 
homeostasis. Acute changes in energy status are a part of daily living. Progressive 
changes in energy status cause changes in energy reserves. These chronic changes 
affect energy homeostasis and lead to adaptations to compensate for them. The 
neuroendocrine responses to food deprivation include decreasing fertility by inhib-
iting the hypothalamic–pituitary–gonadal axis, slowing of the metabolic rate by 
decreasing the activity of the thyroid axis, increasing the activity of cortisol 
through the production of adrenocorticotropic hormone, increasing insulin sensi-
tivity, and decreasing the leptin to adiponectin ratio from adipose tissue. Conversely, 
chronic positive energy balance leads to the re-establishment of normal pituitary 
function, insulin resistance, and an increased leptin to adiponectin ratio from adi-
pose tissue. This chapter will review the sensing and signaling mechanisms 
involved in energy homeostasis. Chapter 4 in this textbook will review their inte-
gration in the brain.

3.2  Fat Metabolism

3.2.1  Cholecystokinin (CCK)

Over 90% of ingested fats enter the small intestine as triglycerides (TG). The 
entrance of TG into the duodenum stimulates the release of CCK. CCK is synthe-
sized and released by entero-endocrine I cells in the mucosal lining of the small 
intestine (mostly in the duodenum and jejunum). CCK is also released from the 
neurons of the enteric nervous system and the brain. CCK is synthesized as a 115- 
amino acid preprohormone. In the central nervous system (CNS), there are several 
isoforms of CCK, of which sulfated octapeptide is the most common. Peripherally, 
CCK is released rapidly into the circulation in response to a meal and has a rela-
tively short half-life of 2.5 min.

The greatest stimulus for CCK release is the presence of fatty acids in the chyme 
entering the duodenum. CCK is also released in response to amino acids released 
from protein digestion, monitor peptide from pancreatic acinar cells, CCK-releasing 
peptide (via paracrine signaling mediated by enterocytes in the gastric and intestinal 
mucosa), and acetylcholine (from the vagus nerve). A decrease in the amount of 
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luminal free fatty acids, somatostatin, and pancreatic peptide, each cause a decrease 
in CCK secretion. CCK production is also decreased when trypsin released by the 
exocrine pancreas inactivates CCK-releasing peptide and monitor peptide.

CCK has many recognized actions, including the following:

• Slowing gastric emptying
• Stimulation of pancreatic acinar cells, resulting in the release of pancreatic diges-

tive enzymes, through the CCK A receptor
• Increased production of bile
• Contraction of the gallbladder and biliary tree
• Relaxation of the sphincter of Oddi
• Mediation of satiety stimulating its receptors in the central nervous system 

(CNS)
• Triggering anxiety by the stimulation of multiple CNS centers through the CCKB 

receptor
• Triggering panic (CCK tetrapeptide fragment) by stimulating neurons in the 

anterior cingulate gyrus, the cerebellar vermis, and the claustrum-insular- 
amygdala

3.2.2  Intestinal Fat Transport

Both pancreatic and intestinal lipases hydrolyze TG to diglycerides and monoglyc-
erides and then to glycerol and free fatty acids (FFA). Bile acids emulsify these FFA 
into micelles, which allow for the intestinal transport of fats. Micelles interact with 
the brush border of the small intestine, and this allows for the transport of glycerol 
and FFA into enterocytes. Once inside enterocytes, glycerol and free fatty acids are 
re-esterified into TG. TG is packaged along with re-esterified cholesterol into apo-
lipoprotein B48-containing chylomicrons.

Chylomicrons are secreted into mesenteric lymph vessels and eventually into the 
venous circulation through the thoracic duct. There is no first-pass hepatic metabo-
lism of fats, since the first large capillary bed that lipids pass is that of the lungs. 
Circulating chylomicrons pass into the left side of the heart and are sent into the 
peripheral arterial system for delivery to organs, including the liver.

3.2.3  Fat Storage

Chylomicrons deliver triglycerides to adipose tissue, which is the major storage site 
for fats. There are large genetic variations that predispose individuals to increase 
regional fat deposits. However, accrual of adipose tissue mass from chronic storage 
of fat happens in all adipose tissue. For most people, the storage takes place in intra- 
abdominal fat.
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In adipocytes, the storage of triglycerides in the fat vacuole is under hormonal 
regulation. Epinephrine rapidly stimulates the transport of long-chain fatty acids 
(LCFA) across the plasma membrane. The epinephrine-stimulated rates are fivefold 
to tenfold higher than the basal rate of influx or efflux. The stimulatory effect of 
epinephrine on transport is mediated by β-adrenergic receptor binding, and the gen-
eration of intracellular cyclic adenosine monophosphate (cAMP), and correlates to 
hormone-sensitive lipase activation and lipolysis.

Insulin at physiological concentrations completely blocks the epinephrine effect. 
The insulin effect is on the LCFA transport process is in both directions—influx and 
efflux. In addition to counteracting lipolysis, insulin action also suppresses lipid 
mobilization, leading to lipogenesis.

Chylomicrons also deliver lipids to the liver via the arterial circulation. Increased 
saturated fats delivered to the liver may increase hepatosteatosis and increase very 
low-density lipoprotein (VLDL) secretion. Omega-3 fatty acids may decrease hepa-
tosteatosis and may substantially decrease hepatic VLDL secretion.

During fasting and when fatty acids are needed for energy, stored fatty acids in 
adipocytes are released into the circulation through increased activity of hormone- 
sensitive lipase. Fatty acids undergo beta-oxidation to form acetyl CoA, which 
enters the citric acid cycle in the muscle, liver, and other tissues.

3.2.4  Adipose Tissue Signaling

Chapters 2 and 6 of this textbook describe the adipocyte as an endocrine cell, adi-
pose tissue as an endocrine organ, and the pathophysiology that develops in adipo-
sopathy. The signals generated by adipose tissue play a major role in energy 
homeostasis.

3.2.4.1  Leptin

Leptin is a humoral signal from adipose tissue to the CNS about energy stores. 
Although leptin is now known to be synthesized in the placenta, ovaries, skeletal 
muscle, stomach, mammary epithelial cells, bone marrow, and stomach, white adi-
pose tissue is by and large the primary source in humans. As adipose tissue mass 
increases, the production of leptin by adipocytes goes up. Conversely, with loss of 
fat mass, leptin levels drop. Thus, sensing of leptin levels by the CNS represents 
sensing of energy stores. The major CNS target for leptin is the hypothalamus.

Leptin inhibits the production of neuropeptide Y (NPY) and agouti-related pro-
tein (AgRP) in neurons of the arcuate nucleus. NPY activity increases food intake 
(orexigenic). Therefore, leptin inhibition of NPY activity leads to decreased food 
intake (anorexigenic). Leptin also stimulates the synthesis of α-melanocyte- 
stimulating hormone (MSH) in pro-opiomelanocortin (POMC) neurons of the hypo-
thalamus. MSH is anorexigenic, and stimulation by leptin causes suppression of 
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hunger. These combined effects of leptin cause weight loss, which led to the naming 
of this hormone. Paradoxically, in overweight and obesity, there is hyperleptinemia, 
but the CNS effects of leptin are blunted, a condition commonly referred to as leptin 
resistance. Table 3.1 summarizes the known effects of leptin.

3.2.4.2  Adiponectin

Adiponectin is a hormone secreted by adipocytes. The only other tissue known to 
produce it in significant amounts is the placenta. However, adiponectin is now con-
sidered to be an active autocrine–paracrine hormone, and there is local production 
by many other tissues. Adiponectin levels in the blood are decreased in obesity, 
insulin resistance, and type 2 diabetes. Caloric restriction causes adiponectin levels 
to rise despite decreasing fat mass. Adiponectin receptor 1 is expressed in the skel-
etal muscle. Adiponectin receptor 2 is expressed in the liver. Adiponectin has hypo-
glycemic and anti-atherogenic effects. Its insulin-sensitizing effect is mediated by 
increased fatty acid oxidation through the activation of adenosine monophosphate 

Table 3.1 Effects of leptin

Target Action Effect

Hypothalamus Inhibits neuropeptide Y and agouti-related protein 
neurons
Stimulates α-melanocyte-stimulating hormone
Reverses starvation-induced inhibition of the 
hypothalamic–pituitary–gonadal and 
hypothalamic–pituitary–thyroid axes (indirect 
effect)
Stimulates gonadotropin-releasing hormone
Causes parasympathetic-induced increased 
hepatic insulin sensitivity with inhibition of 
glucose production (arcuate nucleus projections to 
the nucleus of tractus solitarius)

Anorexigenic effect
Hypoglycemic effect
Reproductive effect

Skeletal muscle Increases glucose uptake
Increases glucose and fatty acid oxidation

Catabolic effect

Liver Decreases gluconeogenesis Hypoglycemic effect
Adipocyte 
(autocrine activity)

Promotes glucose and fatty acid oxidation
Promotes lipolysis
Decreases leptin gene expression

Catabolic effect

Pancreatic Islets Inhibits insulin release
Decreases glucagon release

Glucoregulatory effect 
(adipoinsular axis)

Adrenal cortex Decreases adrenocorticotropic hormone- 
stimulated glucocorticoid release

Decreased insulin 
antagonism
Catabolic effect

Immune system 
cells (permissive 
effect)

Enhances phagocytic activity of macrophages
Stimulates cytokine and chemotaxin production

Immunoprotective 
effect

Bone (permissive) Increases bone mineral density
Increases hematopoiesis

Anabolic skeletal 
effect

3 Hormonal Regulation of Energy Balance and Energy Stores



42

kinase (AMPK)  and peroxisome proliferator-activated receptor (PPAR)-α. The 
actions of adiponectin include decreased gluconeogenesis, increased glucose uptake, 
and triglyceride clearance.

3.2.4.3  Leptin to Adiponectin Ratio (LAR)

Leptin levels rise with increasing fat mass, whereas adiponectin levels fall. Both 
hyperleptinemia and hypoadiponectinemia are present in overweight and obesity, 
and the relationship between them is a clinical measure of adipose tissue health. In 
the lean state, the ratio of leptin to adiponectin is a fraction. As fat mass accrues, the 
ratio of these two adipose tissue hormones reaches identity, and eventually, there is 
more leptin than adiponectin (Fig.  3.1). An increasing LAR reflects progressive 
adiposopathy and is a better predictor of increased arterial stiffness assessed by 
pulse wave velocity than either leptin or adiponectin alone, metabolic risk, and 
eventual vascular disease. In the practice of bariatric endocrinology, trending the 
LAR documents the progressive state of adipose tissue health, the goal of treatment 
being to affect a reduction in LAR over time (Fig. 3.2).
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Fig. 3.1 Leptin to adiponectin ratio. The accumulation of fat mass leads to a directly proportional 
increase in circulating leptin levels. On the other hand, adiponectin levels decrease with increasing 
fat mass. The leptin to adiponectin ratio reaches identity and becomes progressively higher as fat 
mass continues to increase and adipose tissue function declines. Abbreviations: ng nanogram, mL 
milliliter, μg microgram, MNCOME Minnesota Center for Obesity, Metabolism and Endocrinology, 
PA. (Reproduced with permission from MNCOME)
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3.3  Protein Metabolism

Ingested proteins are rapidly digested in the stomach (by gastric pepsin) and the 
duodenum (by pancreatic trypsin and chymotrypsin). The initial digestion of pro-
teins renders polypeptides that are further broken down by exopeptidases and dipep-
tidases of the intestine into simple amino acids. Amino acids are taken up by all 
tissues to synthesize the myriad proteins that regulate metabolism and contribute to 
the structure of cells and the extracellular matrix.

Amino acid metabolism takes place mostly in the liver. Surplus amino acids 
delivered to the liver undergo deamination, and through gluconeogenesis, are con-
verted into glucose (e.g., alanine cycle). The nitrogen derived from the removal of 
the amine group of amino acids is converted to urea (e.g., urea cycle). Most of the 
urea that is generated by the urea cycle is ultimately excreted by the kidneys. Amino 
acids may also be used to generate keto acids, giving rise to acetyl CoA and, then 
through lipogenesis, the creation of fat.
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Fig. 3.2 Leptin to adiponectin ratio trending. Serial measurements of the leptin to adiponectin 
ratio over time reflect adipose tissue health. A progressively higher leptin to adiponectin ratio 
indicates worsening adipose tissue health. Conversely, a decreasing leptin to adiponectin ratio 
indicates improvements in adipose tissue health. Abbreviations: ng nanogram, mL milliliter, μg 
microgram, CRP C-reactive protein, Abn abnormal, MNCOME Minnesota Center for Obesity, 
Metabolism and Endocrinology, PA. (Reproduced with permission from MNCOME)
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Different proteins in the meal plan may have varying effects upon insulin secre-
tion, adipocyte hypertrophy, circulating free fatty acids, and lipotoxicity on the liver 
and muscle. As an example, compared to a casein-rich meal plan (milk and dairy 
products), soy protein (from soybeans) may decrease adiposity and lower glucose 
levels.

3.4  Glucose Metabolism

3.4.1  Glucokinase

Glucokinase (GK) catalyzes the phosphorylation of glucose to glucose-6-phosphate 
(G6P). This chemical reaction is the first step of both glycogen synthesis and gly-
colysis. GK is expressed in only four types of mammalian cells (hepatocytes, 
β-cells, enterocytes, and glucose-sensitive neurons). GK acts as a glucose sensor, 
triggering shifts in metabolism or cell function in response to rising or falling levels 
of glucose in the circulation. GK gene mutations are known to cause secondary 
forms of diabetes, or hypoglycemia.

GK is a hexokinase. There are least three other hexokinases, each of which can 
mediate phosphorylation of glucose to G6P. However, GK is coded by a separate 
gene, and its distinctive kinetic properties give it a lower affinity for glucose than the 
other hexokinases. GK is localized to a few cell types and, under usual physiologi-
cal conditions, its activity varies substantially according to the concentration of 
glucose.

In the fed state, carbohydrate is broken down by the enzymatic activity of salivary 
and pancreatic amylases. The resulting monosaccharides and disaccharides are acted 
on by intestinal brush border disaccharidases, leading to the generation of glucose 
and other simple sugars like fructose (from sucrose) and galactose (from lactose).

Glucose absorbed from the intestine enters the venous circulation of the gut and 
is delivered to the liver, which is the first major organ to receive it. Under the influ-
ence of insulin, which is stimulated by the rise in circulating glucose, there is gly-
cogenesis in the liver, resulting in the storage of complex glucose chains as glycogen. 
This process also requires the activation of GK in hepatocytes by the increased 
concentration of circulating glucose.

3.4.2  Insulin

3.4.2.1  Insulin Secretion

The structure and function relationships of the pancreatic islets are important in 
their overall function. Arterial blood flow to the pancreatic islets is a major determi-
nant of the overall ratio of insulin to glucagon. Blood entering the pancreatic islets 

J. M. Gonzalez-Campoy



45

circulates through the β-cells that make insulin first, and downstream, the α-cells 
that make glucagon.

β-cells have constitutively expressed glucose transporter (GLUT) 2. GLUT2 is 
the only glucose transporter expressed in β-cells. For practical purposes, GLUT2 is 
the first glucose sensor, since it allows for facilitated diffusion of glucose into the 
β-cells. Mobilization of GLUT2 to the plasma membrane of β-cells is insulin inde-
pendent. GLUT2 has a low substrate affinity, ensuring high glucose influx into the 
β-cells, along its concentration gradient. By contrast, GLUT4, which is primarily 
expressed in the muscle and fat cells, is insulin dependent.

After entering β-cells, glucose is phosphorylated by GK. GK has a lower affinity 
for glucose than other hexokinases. Its Michaelis constant (substrate concentration 
for half the maximum velocity of the enzyme) is 6 mmol/L, which is in the middle 
of the normal blood glucose range (4–10 mmol/L). By contrast, other hexokinases 
function at full maximal velocity at this glucose concentration. GK is not inhibited 
by its product, G6P, which enables its continued activity in spite of glycolysis load 
on the β-cell.

The net result of the influx of glucose into β-cells is an increase in the adenosine 
triphosphate (ATP) to adenosine diphosphate ratio. An increase in this ratio results 
in closure of cell membrane ATP-sensitive potassium channels which causes depo-
larization of the cell membrane. This depolarization in turn leads to calcium influx 
into the cell through voltage-gated membrane calcium channels. Finally, the cal-
cium influx into the β-cell leads to exocytosis of the insulin secretory vesicles and 
hence insulin secretion. In the process of releasing insulin into the circulation, the 
prohormone proinsulin is cleaved, resulting in equimolar release of insulin and 
c-peptide.

In the pancreatic islets of Langerhans, there are other cell types. The δ-cells 
make somatostatin, which inhibits both insulin and glucagon release. The F-cells 
make pancreatic polypeptide, which suppresses gastric secretion, gastric emptying, 
pancreatic enzyme secretion, and hunger. The ε-cells make ghrelin (the major site 
of production for which is the stomach), which suppresses insulin release.

β-cell insulin release is also stimulated by amino acids (which rise after the 
ingestion of proteins) in a synergistic way. Ingestion of mixed amino acids stimu-
lates insulin release more than the ingestion of a single amino acid. Similarly, in the 
fed state, FFA enhances glucose-stimulated insulin release from the β-cells. 
Paradoxically, chronic elevations in FFA that develop with adiposopathy inhibit 
glucose-stimulated insulin release and lead to insulin resistance.

Gut peptides including glucagon-like peptide-1 (GLP-1) made by the intestinal 
L-cells, and glucose-dependent insulinotropic polypeptide (made by the intestinal K 
cells) also stimulate insulin release during the fed state. The role of gut peptides and 
intestinal signaling in overweight, obesity, and adiposopathy has been defined over 
the past decade. Deficiencies in the production of these gut hormones lead to 
impaired insulin secretion and hyperglycemic states.

In addition to somatostatin and ghrelin, inhibition of β-cell insulin release also is 
caused by circulating adrenalin and norepinephrine stimulation of the α-2 adrener-
gic receptors. The powerful suppression of insulin release by adrenalin is the major 
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mechanism to prevent hypoglycemia in patients with diabetes. Insulin suppression 
adds to the hyperadrenergic symptoms that lead patients to seek food during 
hypoglycemia.

3.4.2.2  Pancreatic Islet Blood Flow and Regulation of Insulin 
and Glucagon Release

The blood flow entering the pancreatic islets after a meal carries a high glucose 
content and stimulates the β -cells to increase insulin secretion, leading to a high 
insulin concentration. This blood then reaches the α-cells, where insulin inhibits 
glucagon release. Past the α-cells, in the fed state, the outflow of blood from the 
pancreas has a high glucose concentration and a high insulin to glucagon ratio. This 
venous flow from the pancreas reaches the portal circulation and enters the liver. 
The majority of the insulin made by the pancreas in the fed state binds receptors in 
hepatocytes, stimulating glycogenesis and inhibiting gluconeogenesis.

Insulin that goes beyond the pancreas enters the systemic circulation and targets 
other organs. In the muscle, insulin allows for the incorporation of GLUT4 transporters 
into cell membranes, entrance of glucose, and the formation of glycogen in the muscle. 
In adipose tissue, insulin stimulates the incorporation of GLUT4 into the adipocyte cell 
membranes, allowing the influx of glucose. Glucose serves to form glycerol, which is 
then incorporated into the synthesis of triglycerides. At the adipocyte, insulin also pro-
motes the activity of the extracellular lipoprotein lipase that hydrolyzes circulating 
triglycerides to free fatty acids that may enter the cell. This promotes the influx of fats 
into adipocytes. At the same time, insulin inhibits hormone-sensitive lipase, and this 
stops the efflux of fats from adipocytes. The net effect of insulin on the adipocyte, in 
the fed state, is lipogenic—insulin helps to trap FFA within adipose tissue.

In the fasting state, the blood flow through the pancreatic islets enters with a 
normal (i.e., not high) glucose concentration. There is no increased uptake of insulin 
by the β-cells, and insulin production decreases. Moving beyond the β-cells, the 
blood carries normal glucose and low insulin levels onto the α-cells of the islets. 
Without the high insulin levels to inhibit glucagon release by the α-cells, glucagon 
now enters the blood stream freely. The blood coming out of the pancreas in the 
fasting state now carries a normal glucose concentration, low insulin level, and high 
glucagon levels. This blood enters the portal circulation and arrives at the liver. 
Without insulin, glucagon stimulates hepatocytes, causing glycogenolysis and stim-
ulating gluconeogenesis after prolonged fasting.

3.4.2.3  Insulin Effects in the Brain

Insulin receptors (IRs) are widely distributed throughout the body. Table 3.2 summa-
rizes the major effects of insulin. In the integration of metabolism and the regulation 
of food intake, the activity of insulin on its CNS receptors plays an important role.

Insulin enters the CNS through the blood–brain barrier by a receptor-mediated 
transport. IRs are located in various regions of the brain. IR activation by insulin 
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helps to regulate food intake, sympathetic activity, and peripheral insulin action. 
Along with leptin, insulin activates phosphatidylinositol 3-kinase (PI3K), which is 
crucial to its biological effects. Decreased activity of PI3K is now linked to insulin 
resistance and explains the lack of insulin effect in adiposopathy.

Tau protein is a highly soluble microtubule-associated protein. Excessive or 
abnormal phosphorylation of tau results in the transformation of normal adult tau 
into paired helical filament tau and neurofibrillary tangles of tau. Insulin regulates 
phosphorylation of tau, and deficient insulin activity leads to the formation of these 
abnormal tau protein variants. Insulin resistance is therefore etiological in the patho-
physiology of Alzheimer’s disease. The abnormal phosphorylation of tau is also a 
hallmark of several other related neurodegenerative disorders. For example, the 
density of neurofibrillary tangles in the neocortex correlates with dementia. Insulin 
also regulates the metabolism of amyloid precursor protein and the clearance of 
β-amyloid from the brain. Insulin signaling links energy homeostasis and protection 
from the development of neurodegenerative diseases.

3.5  Gut Hormones

In the normal digestive process, the intestine not only provides for the breakdown of 
foods and absorptive capacity; rather, it is an important modulator of metabolism 
through both neural and hormonal signaling. In brief, as food enters the digestive 
tract, the gut actively signals other organs. The signaling helps to regulate food 

Table 3.2 Effects of insulin

Target Action Effect

Adipocytes Induces lipoprotein lipase activity (influx of FFA into 
adipocytes)
Inhibits hormone-sensitive lipase (stops efflux of FFA)
Increases glucose uptake (GLUT4)

Lipogenesis

Hepatocytes Inhibits glycogenolysis and gluconeogenesis
Inhibits conversion of fatty acids and amino acids to keto 
acids
Promotes glycogenesis (inhibits phosphorylase; stimulates 
glucokinase, and glycogen synthase)
Increases triglyceride synthesis and very low-density 
lipoprotein formation

Glycogenesis

Brain Causes satiety
Increases energy expenditure

Anorexigenic 
effect

Muscle Increases amino acid transport and protein synthesis
Increases glucose uptake (GLUT4) and glycogen synthase 
activity
Inhibits phosphorylase

Glycogenesis
Anabolic effect

Pancreas Inhibits glucagon release Hypoglycemic 
effect

Abbreviations: FFA free fatty acids, GLUT glucose transporter
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intake by the brain and to activate hormonal systems that help process the energy. 
Chapter 5 in this textbook provides an in-depth review of the role of the gut in meta-
bolic homeostasis. This section is a summary of the subject with a focus on the 
integration of metabolism.

3.5.1  Ghrelin

The stomach is the major organ for food breakdown through a combination of its 
grinding action, secretion of acid, and activation of digestive enzymes. There is 
active communication between the stomach and the brain. The vagal afferent and 
efferent nerves are a major signaling mechanism. Nesfatin (which is made by the 
hypothalamus, pancreatic islets, gastric endocrine cells, and adipocytes), the gastric 
endocannabinoid system, and ghrelin are part of the hormonal signaling between 
the CNS and the stomach.

In 1996, a heterotrimeric receptor coupled to guanosine-5′-triphosphate-binding 
protein was described in the pituitary and the arcuate ventromedial and infundibular 
hypothalamus. The receptor was cloned and shown to be the target of growth hor-
mone secretagogues. In 1999, the ligand for this receptor was reported, and named 
ghrelin, based on its role as growth hormone-releasing peptide. Ghrelin is also 
known as lenomorelin.

Ghrelin is mostly produced by the Gr cells of the stomach. It is also produced in 
the duodenum, jejunum, lungs, pancreatic islets, gonads, adrenal cortex, placenta, 
kidneys, and locally in the brain. Ghrelin is secreted when the stomach is empty, 
away from meals. Circulating levels of ghrelin are highest immediately before 
ingestion of a meal. Conversely, stretching of the stomach halts the secretion of 
ghrelin. Circulating ghrelin levels drop immediately after the consumption of a 
meal. The postprandial drop in ghrelin is stronger in response to ingested protein 
and carbohydrate, compared to the ingestion of lipids.

The growth hormone secretagogue receptor ligand (GHRL) gene encodes for 
ghrelin. GHRL first produces preproghrelin, a 117-amino acid chain which is 
homologous to promotilin, both members of the motilin family of peptides. 
Preproghrelin is cleaved to generate the prohormone proghrelin. In turn, proghrelin 
is cleaved to form ghrelin, which is an unacylated 28-amino acid chain. Cleavage of 
proghrelin also produces c-ghrelin, which is an acylated form. C-ghrelin is further 
cleaved to produce obestatin, which antagonizes ghrelin.

Ghrelin is activated by ghrelin O-acyltransferase (GOAT), an enzyme that links 
caprylic (octanoic) acid to the serine at the third position. GOAT is located on the 
cell membrane of Gr cells. Ghrelin which is not activated in this way is unable to 
activate the ghrelin-growth hormone secretagogue receptor (GHSR). Inactivated 
ghrelin antagonizes activated ghrelin, stimulates appetite, and inhibits hepatic glu-
cose output.

Ghrelin levels are lower in people with obesity, compared to people who are lean. 
An exception to this physiological adjustment to increased fat mass is the Prader- 
Willi syndrome, where ghrelin levels are high, leading to increased food intake. 
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On the other hand, people with low energy stores, as is the case in anorexia nervosa 
and the cachexia of cancer, have high levels of ghrelin. This again suggests a physi-
ological adaptation to counteract the loss of fat mass.

With aging, the ghrelin levels increase. This represents a pathophysiological role 
of ghrelin in the accrual of fat mass with advancing age. Patients who undergo 
weight loss surgery that involves gastric reduction, either a Roux-N-Y procedure or 
a gastric sleeve procedure, have marked reductions of ghrelin levels. These patients 
lose the normal ghrelin cycling, and the loss of hunger that follows is a major mech-
anism for postsurgical weight loss.

The biological effects of activated ghrelin make it a major regulator of energy 
balance and metabolism and are summarized in Table  3.3. In the brain, ghrelin 
receptors are found in the same neurons that also express the leptin receptor. Ghrelin 

Table 3.3 Effects of ghrelin

Target Action Effect

Stomach Increases gastric acid secretion
Increases gastric motility
Decreases the mechanosensitivity of 
gastric vagal afferent nerves (makes 
them less sensitive to gastric distention)

Prepares the stomach 
for food intake

Intestine Promotes intestinal cell proliferation
Inhibits intestinal cell apoptosis during 
inflammation
Suppresses proinflammatory 
mechanisms
Augments anti-inflammatory 
mechanisms
Stimulates regeneration of gastric 
mucosa

Intestinal healing and 
anti-inflammatory 
effect

Pancreatic islets of 
Langerhans

Inhibits glucose-stimulated insulin 
secretion by β-cells (indirect effect)
Stimulates somatostatin release by 
δ-cells (direct effect)

Hypoglycemic effect

Hippocampus Regulates neurotrophy
Alters neuronal connections

Stimulates learning and 
memory

Pituitary Stimulates growth hormone release
Stimulates ACTH release

Stimulates growth and 
development
Antidepressant effect
Anxiolytic effect

Hypothalamic arcuate 
nucleus

Stimulates orexigenic neuropeptide Y 
and agouti-related protein neurons
Increases hunger
Inhibits gonadotropin-releasing hormone

Orexigenic effect
Increase body weight 
and fat mass
Decreases fertility

Dopamine neurons that link 
ventral tegmental area to 
nucleus accumbens

Produces sensations of reward and 
reinforcement
Contributes to the development of 
addictions

Hedonism with regard 
to foods and drugs like 
alcohol

Endothelium Activates nitric oxide synthase Vasodilator
Lung Promotes lung growth early in fetal life Lung growth
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is a true orexigenic neuropeptide in the CNS, causing energy intake. Peripherally, 
ghrelin determines the proportion of energy that is directed to the production of ATP 
or is sent to storage as triglyceride in adipose tissue or as glycogen in the liver. 
Ghrelin also helps determine short-term heat loss. Thus, ghrelin helps regulate 
energy distribution and rate of use.

As of 2016, ghrelin was not approved for therapeutic use. However, research is 
under way to develop ghrelin receptor blockers as a treatment to prevent or treat obe-
sity. Ghrelin agonists or analogs may play a role in the treatment of anorexia nervosa 
or cachexia and are used as a gastric prokinetic treatment. Studies are also under way 
for these uses.

3.5.2  Obestatin

Obestatin was first identified in the year 2005. The same GHRL gene that encodes 
for ghrelin also encodes for obestatin, which is created by the cleavage of C-ghrelin. 
Thus, obestatin is mostly produced in the stomach. Obestatin is also produced in the 
duodenum, jejunum, colon, large and small intestines, pancreas, thyroid, lung, mam-
mary gland, Leydig cells of the testis, spleen, muscle, and adipocytes. Amidation of 
a flanking conserved glycine residue at the C-terminal of obestatin is necessary for 
it to acquire biological activity. The enzyme that causes amidation of obestatin has 
not yet been identified.

In humans, plasma obestatin levels do not vary with fixed energy meals. People 
with obesity have lower obestatin levels than people who are lean. Obestatin may 
therefore play a role in the long-term regulation of fat mass. Binding sites for 
obestatin have been identified in the pancreas, heart, and white adipose tissue. The 
obestatin receptor is still to be fully identified. However, obestatin is bound by the 
adipocyte and pancreatic β-cell GLP-1 receptor (GLP-1R).

In the pancreas, obestatin is co-localized with ghrelin in the ghrelin-producing 
ε-cells at the periphery of the islets of Langerhans. Obestatin and ghrelin act in 
concert as local regulators of β-cell function. Somatostatin, glucagon, and insulin do 
not co-localize with obestatin, indicating that α- and β-cells do not produce obestatin. 
Thus, obestatin has local autocrine/paracrine roles in the pancreatic islets, in addi-
tion to its actions as an endocrine hormone.

Obestatin receptors are found in adipose tissue. Obestatin is able to regulate 
growth, proliferation, differentiation, and survival of adipocytes. Obestatin also 
regulates genes that stimulate cell proliferation and protect against apoptosis medi-
ated by proinflammatory cytokines.

In summary, obestatin is involved in improving memory, regulating sleep and 
food intake, affecting cell proliferation and promoting survival of pancreatic β-cells 
and adipocytes, inhibiting glucose-induced insulin secretion, and regulating gastro-
intestinal tract functions.
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3.5.3  Ghrelin to Obestatin Ratio

Individuals with obesity have an elevated preprandial ghrelin to obestatin ratio com-
pared to people who are lean. A change in the ghrelin to obestatin ratio may be etio-
logical in the development of overweight, obesity, and adiposopathy.

3.5.4  GLP-1

The proglucagon gene is expressed in the α-cells of the pancreatic islets of Langerhans, 
the L-cells of the intestine, and the CNS neurons of the caudal brainstem and hypo-
thalamus. Proglucagon processing yields different products in the pancreas than in 
the gut or CNS. In the pancreas, the α-cells generate glucagon. In the intestine and 
CNS, proglucagon yields glicentin, GLP-1, and GLP-2. Glicentin in turn gives rise to 
glicentin-related pancreatic peptide (GRPP) and oxyntomodulin.

GLP-1 is a 30-amino acid hormone secreted by intestinal enteroendocrine L-cells 
and neurons in the nucleus of the tractus solitarius in the brainstem. The ingestion 
of a meal is the major stimulus for secretion of GLP-1. The initial product GLP- 
1(1–37) undergoes amidation and proteolytic cleavage. Two truncated and equipo-
tent biologically active forms, GLP-1 (7–36) amide and GLP-1 (7–37), are formed 
from GLP-1 (1–37). GLP-1 is an incretin—it amplifies the release of insulin in the 
presence of hyperglycemia. GLP-1 also:

• Decreases the quantity and frequency of food consumption
• Decreases the hedonic (pleasurable) aspect of food intake
• Decreases the motivation to eat
• Decreases general levels of motor activity
• Increases hippocampus-related function
• Increases acquisition/strength of conditioned taste aversions
• Increases anxiety
• Increases nausea or visceral malaise (illness)
• Increases insulin sensitivity in both α- and β-cells of the islets of Langerhans
• Increases β-cell mass
• Increases insulin expression, post-translational modification, and secretion
• Inhibits acid secretion and gastric emptying in the stomach
• Decreases insulin resistance
• Decreases glucagon secretion from the pancreas via G-protein-coupled receptor 

binding

Endogenous GLP-1 is rapidly degraded by dipeptidyl peptidase-4 (DPP-4). 
Neutral endopeptidase 24.11 also degrades GLP-1. Only 10–15% of GLP-1 pro-
duced by the L-cells reaches the circulation intact. GLP-1 is cleared from the circu-
lation by the kidneys. The half-life of GLP-1 is approximately 2 min.
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In addition to the actions outlined above, GLP-1 and its metabolites may have 
effects on adipose tissue. GLP-1 promotes preadipocyte proliferation and inhibits 
apoptosis. On the other hand, loss of GLP-1R expression causes a reduction in adi-
pogenesis through the induction of apoptosis in preadipocytes.

GLP-1 (9–36) is generated by DPP4 cleavage of GLP-1 (7–36). GLP-1 (9–36) 
has a very low affinity for GLP-1R. However, in human adipose stem cells, GLP-1 
(9–36) inhibits cell proliferation, glucose uptake, and adipogenesis. It also induces 
cell apoptosis. GLP-1 (9–36) effects are not reverted by the receptor antagonist 
exendin (9–39), which does revert the effects of GLP-1 (7–36).

3.6  Other Endocrine Regulation of Metabolism

Under the control of the hypothalamus and the anterior pituitary gland, there is fur-
ther hormonal regulation of metabolism. Chapters 15 and 16 of this textbook address 
the role of gonadal hormones. This section will deal with the role of the thyroid and 
adrenal hormones in the regulation of energy balance.

3.6.1  Triiodothyronine

The thyroid hormones tetraiodothyronine (thyroxine, T4) and triiodothyronine (T3) 
are made by the follicular cells of the thyroid gland. T4 is the major circulating form 
of thyroid hormone. In the blood, the ratio of T4 to T3 is 14:1–20:1. T4 is converted 
to T3  in the thyroid gland and in every tissue of the human body by deiodinase 
(5′-iodinase). T3 is up to five times more potent than T4 and is the major thyroid 
hormone in humans.

There are T3 receptors throughout the human body. They act to increase the basal 
metabolic rate by sensitizing the tissues to catecholamines. T3 is essential for the 
proper development and differentiation of all cells of the human body. T3 regulates 
vitamin, protein, fat, and carbohydrate metabolism. Some of the physiological 
effects of T3 also include:

• An increase in the heart rate, which then causes an increase in cardiac output
• Increased ventilatory rate
• Increased basal metabolic rate
• Increased sympathetic activity
• Increased catabolism of proteins and carbohydrates
• Decreased transit time for food through the digestive tract (shortened time of 

digestion)
• Increased muscle contractility
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• Regulation of differentiation of adipocytes, promoting the reactivation of the 
brown adipose tissue and inducing beige (“brite”) adipocyte formation

• Increased nonshivering thermogenesis

Thyroid gene expression in adipocytes is reduced in obesity. This is true in both 
subcutaneous and visceral fat. Thyroid gene expression rises with major weight 
loss. The relevance of these observations still needs to be refined.

3.6.2  Adrenal Hormones

The adrenal hormones, both the cortical steroids and the medullary catechol-
amines, are each known as antagonists of insulin. This certainly holds true in adi-
pose tissue. Whereas insulin is lipogenic, epinephrine and cortisol are lipolytic. 
This section will briefly review the role of adrenal hormones in the integration of 
metabolism.

3.6.2.1  Glucocorticoids

Cortisol is the main glucocorticoid in the human body and is produced by the zona 
fasciculata cells of the adrenal cortex. Cortisol has immune regulatory, metabolic, 
and developmental effects in the body. The metabolic effects of cortisol include:

• Stimulation of hormone-sensitive lipase in adipocytes, causing lipolysis
• Antagonism of insulin in myocytes and adipocytes, decreasing glucose uptake
• Inhibition of adiponectin release by white adipose tissue
• Stimulation of gluconeogenesis in the liver by enhancing the expression of 

enzymes involved in it
• Mobilization of amino acids from extrahepatic tissues to serve as substrates for 

gluconeogenesis

Leptin receptors are present in adrenocortical cells. Leptin decreases the 
corticotropin- stimulated release of steroid hormones. Leptin also appears to have 
effects at higher levels of the hypothalamic–pituitary–adrenal axis. Leptin defi-
ciency leads to increased activity of this axis. This leads to the conclusion that leptin 
decreases the activity of the hypothalamic-pituitary-adrenal axis.

Adiponectin receptors are also present in all layers of the adrenal cortex and 
medulla. Adiponectin downregulates key enzymes of steroidogenesis, resulting in 
decreased corticosterone and aldosterone production.

Thus, adipose tissue regulates adrenal cortical function. The adipose–adrenal 
interactions need further physiological and pathophysiological definitions. However, 
these known interactions highlight the link between metabolism and stress regula-
tion in humans.
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3.6.2.2  Epinephrine (Adrenalin)

The adrenal medulla secretes catecholamine hormones, primarily epinephrine, 
under the control of the sympathetic nervous system. Epinephrine is also known as 
adrenalin. Adrenergic receptors are present throughout the body, and the effect of 
receptor activation depends on location and subtype. Some of the metabolic effects 
of adrenalin include:

• Inhibition of insulin release from the β-cells of the pancreas (α-adrenergic 
receptor)

• Stimulation of glycogenolysis in the liver and muscle (α-adrenergic receptor)
• Stimulation of glycolysis in the muscle (α-adrenergic receptor)
• Inhibition of insulin-mediated glycogenesis in the muscle (α-adrenergic 

receptor)
• Stimulation of glucagon release from the α-cells of the pancreas (β-adrenergic 

receptor)
• Stimulation of adrenocorticotropic hormone from the pituitary gland (β-adrenergic 

receptor)

The β-adrenergic receptor was the first hormone receptor identified in adipo-
cytes. Adrenalin has potent lipolytic effects on adipose tissue by stimulating 
hormone- sensitive lipase.

There is a cross talk between catecholamines and adipose tissue. Activation of 
leptin receptors in the adrenal medulla leads to catecholamine release. Resistin, on 
the other hand, suppresses medullary catecholamine secretion. There is an adrenal–
adipose feedback loop, since catecholamines promote the expression of proinflam-
matory cytokines by adipocytes and reduce the production of both leptin and 
resistin.

3.7  Conclusion

Figure 3.3 summarizes this chapter. Adipose tissue is an active participant in the 
regulation of metabolism. Receptors in adipocytes and other cells in adipose tissue 
allow it to actively receive signals from other tissues involved in fuel sensing. The 
response of adipose tissue to this signaling depends on the ratio of anabolic to cata-
bolic input. The major anabolic signal to the adipocyte is insulin, which promotes 
the storage of energy as triglycerides in the fat vacuole of each adipocyte. There are 
several catabolic signals to adipocytes, including the adrenal hormones adrenalin 
and cortisol, which promote lipolysis. In return, adipose tissue actively signals other 
tissues both directly and indirectly. The major hormonal signals from adipose tissue 
are leptin, which signals the brain about energy reserves, and adiponectin, which 
signals adipose tissue function. The ratio of leptin to adiponectin has emerged as a 
strong measure of adipose tissue health over time.
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Chapter 4
Central Nervous System Regulation  
of Energy Balance and Energy Stores

J. Michael Gonzalez-Campoy

Pearls of Wisdom
• The adipocyte is an endocrine cell which generates hormonal signals that 

provide the central nervous system with information on the state of the 
body’s energy reserves.

• The hypothalamus is the major area of the brain where integration of 
afferent and efferent signals for the regulation of hunger and satiety takes 
place.

• The core homeostatic role of the hypothalamus in maintenance of energy 
balance is heavily modulated by input from all areas of the brain.

• Adiposopathy, overweight, and obesity result from a condition of long- 
term positive energy balance where orexigenic signals are upregulated and 
anorexigenic signals are downregulated, including a state of leptin 
resistance.

• Bariatric endocrinology includes an understanding of the energy homeo-
static systems in the body, including the role of the hypothalamus and the 
rest of the central nervous system, and how derangements in function con-
tribute to overweight, obesity, and adiposopathy.
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4.1  Introduction

In 1840, Mohr first described hypothalamic obesity. The autopsy of a 57-year-old 
woman who gained significant weight within a year prior to death revealed a large 
hypophyseal tumor that deformed the sella. The tumor was large enough to distort 
and compress the base of the brain, including the cerebral peduncles, optic nerves, 
optic chiasm, and the region of the hypothalamus. Multiple reports of obesity in 
association of hypophyseal lesions followed.

In 1904, Erdheim noted that compression of the base of the brain was always 
present when excess adiposity developed. Then, in 1913, Camus and Roussy showed 
that hypophysectomy in dogs did not cause an increase in weight gain unless the 
base of the brain was damaged during the procedure.

Beginning in the 1940s, over the course of two decades, Brobeck and colleagues 
at Yale University were able to define that bilateral destructive lesions made to the 
lateral hypothalamus of rats or cats result in complete cessation of eating. Unilateral 
lesions did not have this effect. On the other hand, bilateral lesions placed more 
centrally in the hypothalamus, avoiding the lateral areas, produced hyperphagia and 
obesity. Further, they noted that animals that developed obesity from medial lesions 
of the hypothalamus could be made to cease feeding by subsequently making bilat-
eral lesions of the lateral hypothalamus (Fig. 4.1). They thus referred to the lateral 

Bilateral ventromedial
hypothalamic lesions

Bilateral lateral
hypothalamic lesions

Hyperphagia
and rage

Anorexia

© MNCOME

Lateral
hypothalamic area

Ventromedial
nuclei

Fig. 4.1 Lesions of the hypothalamus affect feeding behaviors. The lateral hypothalamic area 
drives hunger and feeding. Damage to this area causes anorexia and weight loss. The ventromedial 
nuclei drive satiety and cessation of feeding. Lesions in this area cause hyperphagia and rage. 
(Copyright, Minnesota Center for Obesity, Metabolism and Endocrinology, PA (MNCOME))
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areas of the hypothalamus as a “feeding center.” They also noted that the ventrome-
dial nuclei are capable of exerting an inhibitory control on feeding through nerve 
fibers which run laterally into the lateral hypothalamic area (LHA).

The anatomical, hormonal, neuronal, and biochemical pathways that underlie the 
observations from decades ago have been clarified. Much of this knowledge has 
come from recognition of specific mutations associated with monogenic obesity 
(see Chap. 9 in this textbook). This chapter offers an overview of the role of the 
central nervous system (CNS) in the regulation of energy balance and energy stores.

4.2  Brain Appetite Circuitry and Homeostatic Systems

The neural circuitry controlling food intake and energy metabolism extends through-
out the brain. Afferent signals originate in the sensory organs and reach the CNS 
through the cranial nerves. Direct neural connections to the brain from throughout 
the gastrointestinal tract are relayed by the vagus and sympathetic nerves and con-
vey information about the fed state and nutrient availability. The brain integrates all 
these neural inputs with hormonal signals that arrive through the circulation. 
Hormonal signals originate in many organs involved with energy homeostasis, 
including adipose tissue. Extensive cross-signaling of various CNS centers then 
leads to efferent signals from the brain back to the periphery. Neural output through 
both the sympathetic and parasympathetic nervous systems and hormonal output 
through the pituitary gland control all aspects of metabolism (Fig. 4.2).

4.2.1  The Hypothalamus

The hypothalamus is located inferior to the thalamus, at the base of the brain. It is 
part of the limbic system. The hypothalamus forms the ventral part of the dien-
cephalon in all vertebrates. Each half of the hypothalamus is made up of nuclei, 
each of which has defined functions (Table 4.1).

The hypothalamus is largely responsible for the regulation of metabolic pro-
cesses. One of its most important functions is to link the nervous system to the 
endocrine system. The hypothalamus has receptors for circulating hormones which 
convey signals from all organs involved in energy homeostasis. The hypothalamus in 
turn synthesizes and secretes neurohormones, which are released into the portal cir-
culation between the hypothalamus and the pituitary gland. These neurohormones 
regulate the release of anterior pituitary hormones. The hypothalamus also controls 
body temperature, hunger, satiety, parenting and attachment behaviors, emotion 
(rage), short-term memory, thirst, fatigue, blood pressure, heart rate, gastrointestinal 
tract peristalsis, arousal, and circadian rhythms.

Peripheral hormones must pass through the blood–brain barrier (BBB) to reach 
the hypothalamus. The hypothalamus is connected to brain regions where the BBB 
is not intact. These regions, which include the neurohypophysis and the median 
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eminence, where neurosecretion takes place, have a capillary endothelium that is 
fenestrated and allows free passage of large proteins.

The hypothalamus is also connected to other brain regions at which the brain sam-
ples the composition of the blood. The circumventricular organs (CVO; subfornical 
organ and the organum vasculosum of the lamina terminalis) have neurons in contact 
with both the blood and cerebrospinal fluid. They have an extensive vascular supply. 
Neurons in the CVO have osmoreceptors and sodium sensors. These neurons control 
drinking, vasopressin release, sodium excretion, and sodium appetite. Neurons in the 
CVO have receptors for angiotensin, atrial natriuretic factor,  endothelin, and relaxin. 
These circulating peptides contribute to fluid and electrolyte balance. CVO neurons 
project to the supraoptic nucleus (SON), paraventricular nucleus (PVN), and preoptic 
nucleus (PON) of the hypothalamus. CVO neurons are also the site of action of inter-
leukins. Through activation of CVO neurons and their projections to the PVN, inter-
leukins cause fever and adrenocorticotropic hormone (ACTH) secretion.

Central nervous systemPeriphery

© MNCOME
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Fig. 4.2 Afferent and efferent CNS pathways for metabolic regulation. The brain regulates energy 
balance and energy stores. There are afferent and efferent hormonal and neuronal signals that allow 
the central nervous system to control all metabolic processes. The hypothalamus is the major CNS 
center for this integration, and it receives most of the hormonal signaling from peripheral organs. 
Both sympathetic and parasympathetic fibers provide afferent signals to the brain and receive 
efferent signals from the brain. The hypothalamus regulates efferent hormonal signals released 
from the pituitary gland. (Copyright, Minnesota Center for Obesity, Metabolism and Endocrinology, 
PA (MNCOME))
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Table 4.1 Hypothalamic nuclei

Nucleus/(abbreviation) Functions Zone(s) Region(s)

Preoptic nucleus (PON) Thermoregulation
GnRH (from sexually dimorphic nucleus)

Medial Lateral Anterior

Anterior nucleus (AN) Thermoregulation (through 
parasympathetic heat loss)
TSH inhibition

Medial Anterior

Suprachiasmatic 
nucleus (SCN)

Circadian rhythm regulation Medial Anterior

Supraoptic nucleus 
(SON)

Vasopressin release (fluid balance)
Oxytocin release (milk let-down, 
parturition)

Medial Lateral Anterior

Paraventricular nucleus 
(PVN)

Vasopressin release (fluid balance),
Oxytocin release (milk let-down, 
parturition)
Anterior pituitary control (TRH, CRH, 
somatostatin)
Autonomic nervous system regulation
Fullness by NTS activation

Periventricular 
Medial

Anterior 
Tuberal

Lateral hypothalamic 
area (LHA)

Hunger center (orexin release leads to 
arousal, hunger)
Body weight control

Lateral Tuberal

Dorsomedial nucleus 
(DMN)

Emotion (rage)
Blood pressure and heart rate
Gastrointestinal stimulation

Medial Tuberal

Ventromedial nucleus 
(VMN)

Satiety center
Body weight control
Insulin regulation

Medial Tuberal

Arcuate nucleus (ARC) Anterior pituitary control (GHRH)
Dopamine (prolactin inhibition)
Hunger and feeding (NPY)
Satiety (α-MSH)

Periventricular 
Medial

Tuberal

Posterior nucleus (PN) Thermoregulation (through sympathetic 
heat conservation)

Medial Posterior

Mammillary nucleus 
(MN)

Emotion
Short-term memory
Cortical activation of arousal
Learning
Sleep
Energy balance

Medial Posterior

Other abbreviations: CRH  corticotropin-releasing hormone, GHRH gonadotropin-releasing hor-
mone, GnRH  gonadotropin-releasing hormone, α-MSH  α-melanocyte-stimulating hormone, 
NPY  neuropeptide Y, NTS  nucleus tractus solitarius, TRH  thyrotropin-releasing hormone, 
TSH thyroid- stimulating hormone

The functional anatomy of the hypothalamus continues to be uncovered. The role 
that the hypothalamus plays in energy homeostasis, and the crosstalk with adipose 
tissue and other peripheral organs, should be in the realm of comfort for bariatric 
endocrinologists.
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4.2.1.1  PVN and Satiety

The PVN lies adjacent to the third ventricle, within the periventricular zone of the 
hypothalamus. It has a rich vascular supply but is protected by the BBB. 
Neuroendocrine cells of the PVN have projections that reach outside the BBB, to 
the median eminence and the posterior pituitary. The PVN contributes to neurohor-
monal integration by regulating both anterior pituitary hormone release and the 
direct release of vasopressin and oxytocin from the posterior pituitary. PVN has 
descending projections to the brainstem and spinal cord sympathetic centers, includ-
ing the rostral ventrolateral medulla and the intermediolateral column of the spinal 
cord. Thus, PVN coordinates autonomic homeostatic responses (Table 4.1). There 
are glutamate and gamma-aminobutyric acid (GABA) neurons that are active in the 
PVN and modulate its intrinsic functions.

The PVN receives projections from other hypothalamic nuclei. The projections 
from the arcuate nucleus of the hypothalamus (ARC) will be reviewed below. The 
PVN also receives projections from the hindbrain, including the medulla oblongata, 
nucleus tractus solitarius (NTS), sympathetic premotor area, and dorsal motor 
nucleus of the vagus nerve. These hindbrain centers receive sensory feedback from 
the digestive organs, which helps to regulate food, water, and salt intake.

In turn, neurons from the PVN project to the brainstem, including NTS, dorsal 
motor nucleus of the vagus (from which parasympathetic preganglionic cells origi-
nate), and the intermediolateral cell column of the spinal cord (from which sympa-
thetic preganglionic cells originate).

The reciprocal innervation of the hindbrain centers and PVN allows direct com-
munication to and from the adipose tissue, pancreas, gut, and liver via the auto-
nomic nervous system. The PVN thus directs pancreatic secretion, adipose storage, 
thermogenesis, peripheral glucose uptake, and hepatic glucose flux. Direct projec-
tions of the PVN to the NTS increase the response of the NTS to afferent signals 
arriving through the vagus, including gastric distention. The PVN projections to the 
NTS have the net effect of inhibiting food intake.

4.2.1.2  Lateral Hypothalamic Area (LHA), Orexin, and Hunger

The LHA drives food intake and has been referred to as the “hunger center” or 
“feeding center.” The mechanisms that drive to feeding are slowly being defined. 
Orexin, or hypocretin, was discovered in 1998. It is produced in the neurons of the 
perifornical nucleus, the LHA, and the dorsomedial nucleus (DMN). These neurons 
have projections throughout the nervous system, including the olfactory bulb, cere-
bral cortex, thalamus, other hypothalamic nuclei, brainstem, and all levels of the 
spinal cord.

There are two isoforms of orexin (orexin-A and orexin-B) and two G-protein- 
coupled orexin receptors (OX1 and OX2). Orexin-A binds to both receptors with 
equal affinity. Orexin-B binds predominantly to OX2 and is 20% as potent in bind-
ing to OX1.
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Orexin increases the craving for food and increases meal size by suppressing 
inhibitory postprandial signals from the gut. Orexin also causes arousal, and increased 
food intake may also be due to longer wake times with more opportunities for food 
ingestion. In the absence of orexin, there is narcolepsy, hypophagia, and, paradoxi-
cally, obesity. Orexin production is inhibited by leptin and hyperglycemia. Orexin 
production is stimulated by ghrelin, fasting (hunger), and hypoglycemia.

Orexin neurons project to the ARC and innervate neuropeptide Y (NPY) cell 
bodies, stimulating the release of NPY. There are reciprocal projections from NPY 
neurons in the ARC back to orexin neurons in the LHA. NPY neurons in the ARC 
also project to the PVN, and orexin-containing nerve fibers have projections in close 
association. NPY receptor activation of PVN neurons causes a potent inhibition of 
the fullness signal. By inhibiting the generation of fullness signals from the PVN, 
NPY becomes a strong orexigenic peptide. Since arcuate NPY neurons are excited 
by orexins, orexin-stimulated feeding occurs at least in part through the inhibition 
of satiety by NPY projections to the PVN. This is corroborated by a reduction in 
orexin-stimulated feeding with NPY receptor blockade. Figure 4.3 summarizes the 
principal orexigenic signals in the hypothalamus.

Third ventricle

HypothalamusPeriphery

ARC

+

+
+

NPY
AgRP
GABA

PVN
neuron

PVN

NTS
(SATIETY)

B
lo

o
d

 B
ra

in
 B

ar
ri

er

LHA

Orexin

© MNCOME

Y1R/Y5R

OX1R

Fig. 4.3 Major orexigenic signals in the hypothalamus. NPY is the principal orexigenic signal in 
the hypothalamus. NPY neurons from the ARC project to the PVN and stimulate Y1R and 
Y5R. This causes the PVN neurons to turn off the satiety signal to the NTS (dashed line; black 
cross), leading to hunger and feeding. Orexin projections from the LHA stimulate NPY secretion 
in the ARC. Abbreviations: AgRP Agouti-related protein, ARC arcuate nucleus, NPY neuropep-
tide Y, NTS nucleus of the tractus solitarius, OX1R orexin 1 receptor, PVN paraventricular nucleus, 
Y1R neuropeptide Y1 receptor, Y5R neuropeptide Y5 receptor. (Copyright, Minnesota Center for 
Obesity, Metabolism and Endocrinology, PA (MNCOME))
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4.2.1.3  ARC and Homeostasis of Hunger: Satiety Signaling

The ARC is located in the mediobasal hypothalamus. It is adjacent to the third 
ventricle and the median eminence. The ARC contains several populations of neu-
rons. They include centrally projecting neurons that contain NPY, agouti-related 
protein (AgRP), and the inhibitory neurotransmitter GABA. NPY-AgRP-GABA 
neurons are located in the most ventromedial part of the ARC.  These neurons 
project to the PVN and the LHA. When NPY-AgRP-GABA neurons are activated, 
they produce hunger, which leads to feeding, by blocking the satiety signals of the 
PVN.  In addition to orexin, discussed above, NPY-AgRP-GABA neurons are 
activated by ghrelin. These neurons are inhibited by leptin, insulin, and peptide 
YY (PYY).

The ARC also has neurons that contain peptide products of pro- 
opiomelanocortin (POMC) and cocaine- and amphetamine-regulated transcript 
(CART). These neurons have widespread projections throughout the brain. 
POMC-CART cells inhibit feeding when activated. These neurons are activated by 
circulating leptin and insulin. NPY-AgRP-GABA neurons within the ARC inhibit 
POMC-CART neurons.

Dopaminergic neurons in the ARC release dopamine into the portal circulation 
between the hypothalamus and the pituitary gland. Dopamine inhibits prolactin release.

4.2.1.4  NPY

NPY was first isolated from the hypothalamus in 1982. In 1983, axonal projections 
of NPY-producing neurons were localized to the PVN, where NPY immunoreactiv-
ity is the highest in the hypothalamus. By 1989, the ARC was known to be the major 
source of NPY in the hypothalamus. NPY, however, is widely distributed through-
out the nervous system. NPY-containing fibers originate in cell bodies in the sym-
pathetic nervous system. NPY is released in the majority of peripheral tissues, 
including the gut, pancreas, respiratory tract, skin, and genitourinary and cardiovas-
cular systems.

NPY is a 36-amino acid neuropeptide which is known to increase food intake, 
promote storage of energy as fat, regulate neuroendocrine function (i.e., corticotropin- 
releasing hormone production), reduce stress and anxiety, control seizures, lower the 
blood pressure, reduce alcohol intake, and reduce pain perception.

NPY receptors are G-protein-coupled receptors, and they also respond to pep-
tide YY and pancreatic polypeptide. There are five known NPY receptors. 
Blockade of the Y1 and Y5 receptors in the PVN decreases food intake (anorexi-
genic signal from PVN to NTS is turned off). On the other hand, NPY stimulation 
of PVN Y1 and Y5 receptors leads to feeding (anorexigenic signal from PVN to 
NTS is turned on).

The Y2 receptor in NPY-AgRP-GABA neurons serves for NPY to turn off its 
own production (automodulation by presynaptic processing). Circulating PYY stim-
ulates Y2 receptors in NPY-AGRP-GABA neurons, inhibiting the release of NPY.
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4.2.1.5  AgRP

AgRP is a neuropeptide which is synthesized by the hypothalamic NPY-AgRP- GABA 
cell bodies. It was first discovered in 1997 and consists of 112 amino acids. AgRP is a 
paracrine signal which causes hunger by antagonism of the hypothalamic melanocortin 
(MC) receptors MC3-R and MC4-R. It also lowers energy expenditure. AgRP expres-
sion is stimulated by ghrelin during periods of fasting and suppressed by leptin. AgRP 
also stimulates the release of ACTH and prolactin and enhances the ACTH response to 
inflammatory cytokines. AgRP decreases the release of thyrotropin-releasing hormone 
(TRH) from the PVN, helping to conserve energy during starvation. When AgRP levels 
in the hypothalamus decrease during the fed state, TRH levels rise. TRH-secreting 
neurons from the PVN then have a stimulatory effect on AgRP release.

4.2.1.6  GABA

GABA was first described in 1883. It was not until 1950 that it was discovered in 
the mammalian nervous system. GABA is present throughout the nervous system. 
It reduces neuronal excitability by causing a negative change in the transmembrane 
potential of target neurons (hyperpolarization). There are two GABA receptors, 
GABAA and GABAB. In the hypothalamus, GABA activity leads to feeding.

GABA immunoreactivity is present in the NPY/AgRP neurons of the 
ARC. GABA is also present in approximately one-third of POMC-expressing neu-
rons, but they are unable to release it. Both NPY and AgRP stimulate food intake 
when infused into the brain. The weight loss seen when NPY-AgRP-GABA neurons 
in the ARC are destroyed is recapitulated by targeted deletion of their ability to 
release GABA, rather than NPY or AgRP. The synaptic release of GABA by NPY- 
AgRP- GABA neurons in the ARC is required to maintain a critical level of appetite 
stimulation by NPY.

4.2.1.7  POMC

POMC is a 241-amino acid polypeptide synthesized from the 285-amino acid-long 
polypeptide precursor pre-pro-opiomelanocortin (pre-POMC), by the removal of a 
44-amino acid-long signal peptide sequence during translation. POMC is cleaved to 
produce several peptide hormones released by exocytosis. POMC is the source of 
ACTH in the anterior pituitary gland. POMC gene expression is present in the pan-
creas, stomach, appendix, kidney, testis, prostate, placenta, skin, adipose tissue, 
skeletal muscle, lymph node, brain, adrenal, and lung. POMC expression in the 
brain is localized to the ARC and the NTS. POMC-CART neurons of the ARC pro-
duce α-melanocyte-stimulating hormone (MSH), one of the several members of this 
family, also known as the melanotropins or intermedins.

There are five MC receptors. MC2R is specific for ACTH and is also known as 
the ACTH receptor. MC3R and MC4R are present in the hypothalamus and contrib-
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ute to energy homeostasis. MC4R is expressed by PVN neurons. MC3R is expressed 
by NPY-AgRP-GABA neurons in the ARC. α-MSH released from POMC-CART 
neurons in the ARC causes stimulation of MC4R on PVN neurons, which triggers 
fullness. AgRP blocks MC4R and causes hunger. Simulation of the MC3R receptor 
in NPY-AgRP-GABA neurons in the ARC by α-MSH from POMC-CART neighbor 
neurons inhibits AgRP and NPY release, which leads to fullness. Figure 4.4 sum-
marizes these major hypothalamic anorexigenic signals.

4.2.1.8  CART

CART is a neuropeptide protein that mediates reward, feeding, and stress. It is consid-
ered an endogenous psychostimulant. CART is expressed throughout the central and 
peripheral nervous systems, with high levels in the hypothalamus. It is expressed in 
the same hypothalamic neurons that generate POMC and its products. CART is also 
found in the pituitary gland, the adrenal medulla, somatostatin cells in the pancreas, 
and gastrin cells in the stomach. CART inhibits food intake and blocks the feeding 
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Fig. 4.4 Major anorexigenic signals in the hypothalamus. POMC neurons in the ARC project to 
the PVN and neighboring NPY-AgRP-GABA neurons. α-MSH stimulation of MC4R causes a 
strong satiety signal from PVN to NTS. MC3R stimulation by α-MSH inhibits the major orexi-
genic signals from ARC. Abbreviations: ARC arcuate nucleus, CART cocaine- and amphetamine- 
regulated transcript, MC3R  melanocortin 3 receptor, MC4R  melanocortin 4 receptor, 
MSH melanocyte-stimulating hormone, NPY neuropeptide Y, NTS nucleus of the tractus solitar-
ius, OX1R  orexin 1 receptor, POMC  pro-opiomelanocortin, PVN  paraventricular nucleus. 
(Copyright, Minnesota Center for Obesity, Metabolism and Endocrinology, PA (MNCOME))
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response induced by NPY. Decreased activity of CART in the hypothalamus is seen 
in depression and is associated with hyperphagia and weight gain.

4.2.1.9  Cannabinoids

Endocannabinoids are endogenous lipid-based retrograde neurotransmitters. There 
are two major cannabinoid receptors (CBs), CB1 and CB2, expressed throughout the 
central and peripheral nervous systems. Endocannabinoids regulate fertility, preg-
nancy, prenatal and postnatal development, appetite, pain sensation, mood, and 
memory. CBs also mediate the pharmacological effects of cannabis.

In the hypothalamus, the amount of endocannabinoid produced is inversely pro-
portional to the amount of leptin in the blood. In leptin deficiency, hypothalamic 
endocannabinoids reach abnormally high levels. POMC-CART neurons express the 
OX-1 receptor and CB1 on the plasma membrane. Orexin-A simulation of OX-1 in 
POMC-CART neurons promotes the biosynthesis of the endocannabinoid 
2- arachidonoylglycerol (2-AG), which acts at CB1. 2-AG stimulation by orexin-A 
causes hyperphagia and weight gain by blunting α-MSH production. Pharmacological 
blockade of OX-1 causes a reduction in food intake and loss of body weight. 
Hypothalamic CB1 stimulation thus leads to increased hunger and food-seeking 
behavior.

4.2.1.10  Melanin-Concentrating Hormone (MCH)

MCH is a hypothalamic cyclic 19-amino acid neuropeptide hormone. MCH neurons 
are located in the LHA and zona incerta. These neurons have projections throughout 
the brain. MCH is a potent orexigen. MCH causes an increase in food intake acutely. 
MCH leads to an increase in fat mass chronically. A lack of MCH prevents diet-
induced obesity. MCH antagonists reduce food intake acutely and prevent body 
weight gain when given chronically, so they are the subject of clinical research.

4.2.1.11  Serotonin

5-hydroxytryptamine (5-HT), or serotonin, is not produced in the hypothalamus. It 
reaches several hypothalamic nuclei through the ascending projections from the 
raphe nuclei in the brainstem. Serotonin receptor activation in the hypothalamus 
leads to suppression of food intake.

There are at least 18 identified serotonin receptors. The 5HT2C receptor is highly 
expressed in the hypothalamus. Stimulation of the 5HT2C receptor in the hypo-
thalamus causes fullness.

4.2.1.12  Brain-Derived Neurotrophic Factor (BDNF)

BDNF is a member of the neurotrophin family. Mutations in the genes for BDNF 
and its receptor, TrkB, result in hyperphagia and severe obesity in humans. 
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BDNF mRNA is present in the LHA, PVN, and NTS among other CNS sites. 
BDNF immunoreactive fibers are present in the ARC and PVN of the hypothala-
mus and the NTS and dorsal raphe nucleus.

4.3  Peripheral Afferent Signals

Chapter 2 in this textbook provides an overview of adipose tissue and its role as an 
active participant in regulating metabolism. Chapter 3 in this textbook addresses the 
neurohormonal integration of metabolism and discusses the major hormonal signals 
that regulate energy balance and energy stores. Chapter 5 reviews the gut–brain 
axis. The reader is referred to these chapters for this material. Table 4.2 summarizes 
the major orexigenic and anorexigenic signals that are integrated in the hypothala-
mus. Figure 4.5 provides an overview of integrated hypothalamic signaling.

There are additional discrete signals from adipose tissue that also contribute to 
the regulation of energy balance and energy stores.

Table 4.2 Major orexigenic and anorexigenic molecules

Orexigenic molecules Anorexigenic molecules

Agouti-related peptide Amino acids
Cannabinoids Amylin
Cortisol Bombesin
Dynorphin Brain-derived neurotrophic factor
Galanin Cholecystokinin
Ghrelin Cocaine- and amphetamine-regulated transcript peptides
Melanin-concentrating 
hormone

Corticotropin-releasing hormone

Neuropeptide Y Fatty acids
Omentin-1 Glucagon
Orexins (A,B) Glucagon-like peptide 1

Glucose
Insulin
Leptin
(α[alpha],β,γ)-melanocyte-stimulating hormones 
(melanocortins)
Norepinephrine
Oxyntomodulin
Oxytocin
Pancreatic polypeptide
Peptide YY
Serotonin
Vagal afferent neurotransmitters (i.e., glutamate)
Vaspin
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4.3.1  Omentin-1

Omentin-1, a visceral fat depot-specific secretory protein, is inversely correlated 
with obesity and insulin resistance. Omentin-1 has an orexigenic effect, which is 
due to decreased CART and CRH gene expression and increased norepinephrine 
synthesis and release in the hypothalamus. Omentin-1 does not affect hypothalamic 
POMC, AgRP, NPY, or orexin-A.

4.3.2  Vaspin

Visceral adipose tissue-derived serine protease inhibitor (Vaspin) improves glucose 
tolerance and insulin sensitivity. Vaspin triggers anorexic pathways in the hypo-
thalamus, where reduction of NPY and increase of POMC signals lead to satiety 
and feeding cessation.
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Fig. 4.5 Integrated major hypothalamic signaling in the regulation of food intake. The hypothalamus 
is the CNS site for the integration of metabolic signaling. The balance of these signals determines 
whether hunger or satiety signals predominate. In adiposopathy, overweight, and obesity, the orexi-
genic signaling is predominant over the anorexigenic signaling, leading to a positive energy balance 
over time. Abbreviations: AgRP Agouti-related protein, ARC arcuate nucleus, CART cocaine- and 
amphetamine-regulated transcript, GABA gamma-aminobutyric acid, GABAAR gamma-aminobu-
tyric acid A receptor, GR ghrelin receptor, IR insulin receptor, LEPR leptin receptor, MC3R melano-
cortin 3 receptor, MC4R melanocortin 4 receptor, NPY neuropeptide Y, NTS nucleus of the tractus 
solitarius, OX1R  orexin 1 receptor, POMC  pro- opiomelanocortin, PVN  paraventricular nucleus, 
PYY  peptide YY, Y1R  neuropeptide Y1 receptor, Y2R  neuropeptide Y2/PYY(3–36) receptor. 
(Copyright, Minnesota Center for Obesity, Metabolism and Endocrinology, PA (MNCOME))
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4.4  Extra Hypothalamic CNS Modulation of Energy Balance 
and Food Stores

The hypothalamus is a homeostatic system which controls energy balance and fat 
stores tightly by balancing orexigenic and anorexigenic input and output. There are 
many other aspects of energy input and output that affect the basic energy balance 
equation. The contributions of the gut microbiome, other intraluminal messengers, 
gut hormones, and the myenteric plexus of the intestine are covered in Chaps. 3 and 5 
of this textbook. Genetic and epigenetic influences largely determine how an indi-
vidual will do over time maintaining lean muscle mass and preventing excess adi-
pose tissue accrual. The prenatal environment and imprinting from early in life, 
whether a baby is breast- or bottle-fed, and the environment a person grows up in, 
are all determinants of fat mass over time.

The sight and smell of foods lead to activation of hunger and compels feeding. 
The olfactory cortex, brainstem nuclei, ventral striatum, and the NTS, all provide 
input to the hypothalamic centers that control feeding. Availability of food, meal 
timing, meal size, the pleasure of meal ingestion (palatability and hedonic input), 
energy expenditure, wake time, circadian patterns, reproductive competence, and 
social cues, all affect the volume of food we ingest.

The corticolimbic circuits of the brain, in the presence of a nutrient supply, drive 
food intake, and there is a lack of inhibition for the acquisition of calories. The 
ingestion of food in modern day America is largely driven by the mesolimbic 
 (dopamine) system, which is referred to as a reward system. It includes the ventral 
tegmental area, the nucleus accumbens, and the frontal cortex. It is palatability 
rather than energy needs that drives food intake.

The limbic system, which is resident in the amygdala, hypothalamus, and meso-
corticolimbic system, contributes to the accumulation of adipose tissue. Perceived 
stress leads to hypercortisolism and a hyperadrenergic state. There is insulin resis-
tance and hyperinsulinism which cause hypothalamic leptin resistance. Without the 
tonic inhibition of leptin an increased appetite develops, and caloric intake goes up. 
Hypercortisolism, insulin resistance, hyperinsulinemia, and hyperleptinemia make 
chronic stress a significant contributor to adiposopathy and metabolic derangements.

4.5  Conclusion

The hypothalamus has emerged as the major regulatory center of hunger and satiety 
in the CNS. The hypothalamus is able to sense afferent circulating signals that inter-
act mostly with neurons in the ARC.  Afferent signals coming through the auto-
nomic nervous system reach the hypothalamus through the hindbrain and its 
ascending projections. There are several populations of neurons in the hypothala-
mus, each with multiple connections. Over time many hypothalamic neurotransmit-
ters have been identified as being orexigenic or anorexigenic. The relative strength 
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of hunger and satiety signals that reach the hypothalamus at any given point in time 
determines the output of the hypothalamic neurons that regulate feeding. Hunger 
and fullness are generated through specific hypothalamic nuclei and their output, 
through the autonomic nervous systems in the hindbrain. Integration of the hypotha-
lamic signaling sets the feeding behavior. This is a very dynamic signaling process 
that helps maintain energy homeostasis. The hypothalamus further regulates metab-
olism by an efferent hormonal signaling system through the pituitary gland.

In adiposopathy, overweight, and obesity, there is a tonic upregulation of orexi-
genic signaling and downregulation of anorexigenic signaling. The chronic positive 
energy balance leads to the storage of excess calories, frequently to the detriment of 
the organism. Identification of orexigenic and anorexigenic signaling has provided 
opportunities for pharmacological interventions for the treatment of adiposopathy, 
overweight, and obesity.
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Pearls of Wisdom
• The gut plays an important role in the regulation of food intake and energy 

absorption, and therefore the body’s energy reserves and the size of the fat 
mass. The gut produces orexigenic and anorexigenic hormones which 
communicate with the central nervous system directly via endocrine path-
ways or indirectly via vagal afferent neurons. Some of the gut hormones 
influence the long-term energy status by participating in the brain’s meta-
bolic and hedonic neuroendocrine networks.

• “Taste buds” are not only located on the tongue but also throughout the gut 
as enteroendocrine cells. These chemosensors “taste” the lumen content of 
the gut and play an important role in the secretion and regulation of gut 
hormones and in energy homeostasis.

• The vagus nerve, as a part of the autonomic nervous system of the gut, 
mediates physiological responses to stimuli originating from sensation of 
nutrients by enteroendocrine cells in the gut. Afferent neurons of the vagus 
nerve express receptors of orexigenic and anorexigenic gut hormones, and 
the expression of these receptors reflects nutrient status. The interrelation-
ship between gut motility and gut hormones, mediated by vagal neurons, 
significantly affects energy homeostasis.
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5.1  Introduction

As the largest endocrine organ, the gut secretes more than 20 hormones. These hor-
mones, directly, or indirectly through the vagus nerve, signal the brain to regulate 
appetite and food intake (Fig. 5.1). Traditionally regarded as hormones involved in 
meal initiation/termination, meal size, and meal frequency via their actions on the 
brainstem, many of these hormones may have a role in long-term energy homeosta-
sis (EH), as increasing evidence has shown that they act on the hypothalamus and 
the mesolimbic system. The orexigenic and anorexigenic hormones involved in the 
gut- brain communication and EH are listed in Table 5.1. The gut-brain axis is a 

Peripheral energy stores
(Leptin, insulin, and possibly others)

Environmental
cues

Gut motility

Autonomic
nervous system

of gut

Metabolic energy balance circuitry

Hedonic & reward system

Cognitive function

Emotional state/process

C
N
S

Gut nutrient
sensing

Gut hormones

Sleep & arousal

Energy intake
Meals frequency,

size & content

Energy
expenditure

Fig. 5.1 Gut-brain-adiposity crosstalk. The gut participates in body weight regulation by virtue of 
its primary function on food intake. Food intake is a complex process. It is coordinated through 
various feedback signaling mechanisms, involving the gut chemosensors and mechanosensors/“taste” 
receptors, gut hormones, and the autonomic nervous system of the gut. These functions of the gut 
crosstalk with the central nervous system (CNS), which directs energy intake and energy expendi-
ture, involving both conscious and subconscious processes in the CNS. Gut hormones levels oscil-
late between fasting and fed states and are involved in meal initiation and termination. They 
regulate short-term energy balance, and some of the gut hormones can also influence the long-term 
energy balance and body weight via their actions through the “energy balance circuitry” and the 
“hedonic and reward system” in the CNS. These actions are potentiated/diminished by the signals 
coming from the adipose tissue and other peripheral tissues that function to inform the size of 
body’s energy stores (e.g., leptin and insulin)

• Bile acids, in addition to acting as emulsifiers that facilitate lipid absorp-
tion, are signaling molecules that help regulate glucose and lipid metabo-
lism. They play an important role in energy homeostasis by affecting gut 
hormone release.

• Food composition strongly influences the diversity of gut microbiota. The 
interplay between ingested food, gut microbiota, and bile acid composition 
ultimately affects gut hormones and energy homeostasis.
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complex signaling network that begins with the arrival of food in the gut. Nutrients 
are sensed by mechanosensors and chemosensors, which release gut hormones that 
act in a paracrine and endocrine fashion to regulate EH. There is evidence that bile 
acids (BA) are also signaling molecules that affect gut hormones and gut microbiota 
(GM). Recent studies show that GM is an important regulator of EH through its 
influences on several relevant organ systems.

This chapter is an overview of the role of the gut in this complex and integrated 
signaling network that regulates energy metabolism (Fig. 5.1).

5.2  Orexigenic Gut Hormones

Ghrelin Cleaved from preproghrelin, ghrelin is a 28-amino acid (AA) peptide. It is 
synthesized predominantly in X/A-like cells in the stomach. In circulation, ghrelin 
is present in acylated (AG) and unacylated (UAG) forms. Post-translational acyla-
tion is required for ghrelin to bind to its receptor, GHS-R1a, which is found in the 
pancreas, liver, intestine, heart, reproductive system, pituitary gland, and spinal 
cord. The acylation is catalyzed by ghrelin-O-acyltransferase (GOAT), which regu-
lates ghrelin bioactivity and affects the relative abundance of the two isoforms. 
Contrary to previous belief, evidence suggests that UAG is also biologically active 
and that both isoforms have independent effects and may compete at the receptor 
level. It is possible that the ratio of the isoforms is more important than the total 
ghrelin levels. Ghrelin levels are increased by fasting and fall rapidly in response to 
feeding or oral glucose administration. The pulsatile secretion of ghrelin suggests 
that it may signal feeding initiation. There is evidence to support the role of ghrelin 
in long-term regulation of energy homeostasis in addition to its short-term control of 
food intake. In humans, ghrelin levels correlate inversely with the degree of adipos-
ity. Ghrelin levels are chronically elevated in individuals with weight loss (i.e., exer-
cise-induced weight loss, weight loss due to decreased calorie intake), which likely 
contribute to the increased appetite to promote food intake in these individuals. 
Ghrelin levels fall with overfeeding. Subjects with obesity have a less noticeable fall 
in ghrelin after meal ingestion. In patients with Prader-Willi syndrome, plasma ghre-
lin levels are higher than in normal subjects and do not decrease after a meal. This 
may partially explain the insatiable appetite and hyperphagia in these patients. 
Ghrelin and leptin may be essential for survival during starvation. Ghrelin can coun-
ter energy deficiency by stimulating growth hormone release, which results in pro-
tection against hypoglycemia, and further by reducing spontaneous physical activity 
and therefore decreasing energy expenditure. Increased ghrelin in prolonged starva-
tion increases appetite and food-seeking behavior and, in close relationship with 
leptin and insulin, contributes to transitioning from carbohydrate to fatty acid oxida-
tion. In physiological conditions with limited food availability, ghrelin acts as a 
regulator of energy balance by increasing food intake, storing energy, and reducing 
energy expenditure. In contrast, impaired ghrelin secretion due to ingestion of spe-
cific nutrients and genetic or environmental factors can promote the excessive accu-

5 Role of the Gut in the Regulation of Energy Balance and Energy Stores
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mulation of fat and the development of insulin resistance and metabolic derangements. 
It was hypothesized that satiety after restrictive bariatric surgery may be caused by 
removing ghrelin-producing cells from the stomach. However, data so far reveal that 
ghrelin’s role in weight loss after the surgery is marginal.

5.3  Anorexigenic Gut Hormones

5.3.1  Cholecystokinin

Derived from a 115-AA precursor, cholecystokinin (CCK) is produced in the I-cells 
of the proximal intestine. A number of post-translational molecular forms of CCK 
are recognized, and CCK-58 is the most common form. CCK receptors are expressed 
in the pancreas, gallbladder, stomach, and afferent vagal nerve, and they are widely 
distributed in the brain. CCK has two receptors: CCK-1R and CCK-2R. Aside from 
its known effect on stimulation of gallbladder contraction, pancreatic exocrine 
secretion, and inhibition of gastric emptying, CCK also regulates appetite and 
reduces meal size. CCK-1R is the predominant receptor involved in food intake and 
satiety and mediates the action of CCK in stimulation of vagus afferent neurons 
(VAN) (Fig.  5.2). Peripheral administration of CCK stimulates cocaine- and 
amphetamine-related transcript (CART)-expressing neurons in the paraventricular 
nucleus (PVN) of the hypothalamus via vagal innervations. The VAN-expressing 
CCK-1R demonstrates neurochemical plasticity according to nutrient status. In ani-
mal studies, lack of food intake induces the expression of nodose ganglion neurons 
of orexigenic signaling, while reducing expression of CART and neuropeptide Y 
receptor 2 (Y2R) and inhibiting anorexigenic signaling. These effects can be 
reversed by CCK-1R activation. There is an interaction between CCK and leptin in 
regulating the expression of CART by VAN, and it appears that leptin determines 
the magnitude of CCK-mediated stimulation of CART expression (Fig. 5.2). Hence, 
the neurochemical phenotype of VAN is dependent on the integration of signals 
from adipose tissue and recent nutrient status. Obesity diminishes the satiety effect 
of CCK by decreasing the activation of nucleus tractus solitarius (NTS) and splanch-
nic sympathetic nerve discharge. Leptin resistance in VAN and a diminished 
CCK-1R responsiveness with a high-fat diet (HFD) also result in increased ghrelin- 
mediated suppression of CART expression, which leads to the stimulation of food 
intake.

5.3.2  Secretin

Secretin (Sct), a 27-AA peptide hormone, belongs to the vasoactive intestinal pep-
tide/Sct/glucagon/ GHRH family and is produced from duodenal S cells. Sct is long 
known to provide an optimal milieu for food digestion by regulating gastric secre-
tion and by emptying and stimulating the release of bicarbonate-rich fluid from the 
pancreas and bile from the liver. Sct is also proposed to act as an incretin in a 
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prolonged glycemic stimulation. Sct has a lipolytic action during starvation via a 
hormone- sensitive lipase-mediated mechanism. The Sct level increases postprandi-
ally. The peripheral and central administration of Sct has recently been shown to 
reduce food intake. Sct receptor (SctR) proteins are detected in arcuate nucleus 
(ARC), PVN, and VAN connecting to NTS. The anorexigenic effect of Sct demon-
strated in mice may occur through the activation of pro-opiomelanocortin (POMC). 
Sct crosses the blood-brain barrier (BBB) to directly activate the neurons in the 
CNS and also exert its effect through the vagal nerve.

5.3.3  Insulin

Insulin, a 51-AA peptide hormone, is secreted from the β-cells of the pancreas 
and is best known for its peripheral action of reducing circulating glucose levels. 
Insulin increases glucose uptake, glycogen synthesis, inhibits gluconeogenesis, and 
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Fig. 5.2 Illustration of CCK signaling via vagal afferent neurons (VAN) in regulating food intake 
and gastric emptying. Postprandial release of cholecystokinin (CCK) activates neuropeptide 
cocaine- and amphetamine-related transcript (CART) in VAN via CCK action on its receptor in 
VAN.  This in turn attenuates food intake and decreased gastric emptying, fulfilling a negative 
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melanin concentrating hormone (MCH) in VAN, which in turn stimulates appetite and promotes 
gastric emptying. The effect of CCK on VAN is potentiated by leptin. Other gut hormones may 
stimulate/suppress food intake and gastric emptying via their respective receptors in VAN in a 
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glycogenolysis in the liver, stimulates lipid uptakes into adipocytes, and inhibits 
release of free fatty acids from adipocytes. Insulin can increase cellular uptake of 
amino acids into the skeletal muscle. There is a basal, constitutive secretion of insu-
lin and an increased secretion that is stimulated by feeding. Both basal and stimu-
lated insulin secretion are in direct proportion to adiposity. Hence, insulin is a 
hormonal marker of peripheral adiposity. Insulin receptors (IRs) are widely 
expressed in different areas of the CNS, including the ARC, cerebral cortex, cere-
bellum, hippocampus, and the lower brain stem. Insulin passes the BBB and exerts 
its function by interacting with IRs. In the CNS, insulin and leptin act as satiety 
hormones. Infusion of insulin into the brain in animals affects EH by inhibiting 
neuropeptide Y (NPY)/Agouti-related protein (AgRP) and stimulating POMC, 
resulting in decreased food intake and increased energy expenditure. The central 
action of insulin is affected by obesity induced by a high caloric intake. Overnutrition 
and HFD cause insulin resistance in the brain attributable to increased proinflam-
matory cytokines, oxidative stress, and local inflammation in the hypothalamus, 
which impairs the anorexigenic effects of insulin. In leptin-sensitive individuals, 
leptin inhibits insulin synthesis from the pancreas, while insulin increases the secre-
tion of leptin from adipose tissue. In the CNS, the effect of insulin is dependent on 
an intact leptin signaling system. Hence, leptin resistance results in insulin resis-
tance in the CNS.

5.3.4  Glucagon

Glucagon, a 29-AA peptide, is the second principal pancreatic hormone and is the 
product of post-translational processing of proglucagon. This cleavage and produc-
tion of glucagon is tissue specific (Fig. 5.3). Glucagon has catabolic effects on fuel 
metabolism, stimulates hepatic gluconeogenesis and gylcogenolysis, and inhibits 
glycogenesis, resulting in increased hepatic glucose release. Additionally, glucagon 
can delay gastric emptying causing satiety, inhibit food intake, cause lipolysis and 
fatty acid oxidation, and increase thermogenesis and energy expenditure. It exerts its 
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effect by binding to G-protein-coupled glucagon receptor (GCGR) expressed in the 
liver and thebrain, which suggests that glucagon passes the BBB and could exert 
part of its biological effects through a central pathway. A study of rodent models has 
shown an increase in energy expenditure through the activation of brown adipose 
tissue (BAT). Compared to the wild-type mice, Gcgr−/− mice have markedly 
decreased fat mass, which is compensated by increased lean mass. When exposed to 
HFD, they demonstrated a decreased fat intake, 30% less weight gain, and protec-
tion from hepatic steatosis. The effect of central glucagon action is anorexigenic, 
similar to that of insulin, in contrast to their opposite peripheral effects, but the 
mechanism mediating its central effect(s) is mainly unknown. However, there is a 
possibility that central glucagon activates corticotropin-releasing factor and the 
hypothalamus-pituitary-adrenal axis to suppress food intake, as was shown in 
chicks.

5.3.5  Incretin Hormones

The incretins are gut hormones released from enteroendocrine cells (EEC) that aug-
ment nutrient-induced insulin secretion from pancreatic β-cells in response to meal 
intake. The incretin effect on insulin secretion is glucose dependent, which is impor-
tant in preventing the oversecretion of insulin in the absence of hyperglycemia.

5.3.5.1  Glucagon-Like Peptide-1

Glucagon-like peptide-1 (GLP-1) is a 31-AA polypeptide derived from the proglu-
cagon gene (Fig. 5.3). It is cosecreted with peptide tyrosine-tyrosine (PYY) from 
L-cells, predominantly in the ileum and colon. In response to food intake, GLP-1 
level rises in 10–15 min after food ingestion. This is followed by a longer second 
phase that peaks at 30–60 min. The early phase is likely mediated by the autonomic 
nervous system, and the second phase is mediated by the direct contact of EEC with 
nutrients. GLP-1 exerts its function by binding to GLP-1 receptor (GLP-1R) 
expressed in the pancreas, lung, brain, pituitary, stomach, heart, kidney, liver, and 
vagal neurons. This widespread placement is consistent with its pleiotropic effects, 
such as appetite regulation, inhibition of gastric acid production and gastric empty-
ing, regulation of hepatic glucose production, and regulation of cardiac function and 
bone resorption. GLP-1 regulates food intake and energy hemostasis. Endogenous 
GLP-1 delays gastric emptying and intestinal motility, promotes a feeling of full-
ness, and contributes to the ileal brake, an inhibitory feedback mechanism to opti-
mize nutrient digestion and absorption. The effects of GLP-1 on energy hemostasis 
are likely accomplished by both peripheral and central actions of GLP-1 through 
mechanisms which are complex and not completely understood. However, neuronal 
and humeral responses to peripheral GLP-1 must activate areas in the brain that are 
known to regulate food intake. Both peripheral and central injections of GLP-1 
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induce c-fos in the PVN, but only central injection of GLP-1 induces c-fos in the 
ARC, suggesting different mechanisms for effects of central versus peripheral GLP-
1. There is evidence that GLP-1 also interacts with leptin, ghrelin, and glucagon to 
influence energy homeostasis. Overall, GLP-1 promotes a negative energy balance 
by decreasing food intake and increasing energy expenditure, probably in part by 
stimulating thermogenesis in the brown adipose tissue. Circulating levels of GLP-1 
and responses to food intake are diminished in subjects with obesity. Diet- induced 
and surgical weight loss are associated with increases in GLP-1 levels. The mecha-
nism of the increase in GLP-1 levels associated with gastric bypass surgery (GBS) 
is not entirely understood. This exaggerated response could be the result of decreased 
degradation of GLP-1 due to a decrease in dipeptidyl peptidase-4 (DPP- 4) activity, 
resolution of insulin resistance, changes in BA and GM, or redirecting the nutrients 
to the distal intestine where the L-cells are densely located.

5.3.5.2  Glucose-Dependent Insulinotropic Peptide

Glucose-dependent insulinotropic peptide (GIP) is released from K-cells in the 
upper intestine in response to food intake. The release of GIP is in proportion to the 
caloric load. GIP stimulates food intake-mediated insulin secretion, resulting in lipid 
storage in adipocytes. GIP-knockout mice are resistant to diet-induced obesity, sug-
gesting a possible role of GIP in energy metabolism. Nevertheless, GIP has no 
known direct effects on satiety or hunger in humans.

5.3.6  Amylin

Amylin is a 37-AA peptide related to the calcitonin peptide family. Amylin is mainly 
synthesized by the pancreatic β-cells. In response to nutrients, amylin is cosecreted 
with insulin. Amylin reduces gastric acid secretion, gastric emptying, and pancreatic 
glucagon secretion. Its actions seem to be complementary to the function of insulin. 
Amylin decreases food intake by reducing meal sizes. Amylin receptors are expressed 
in the area postrema (AP) where amylin demonstrates strong binding affinity. 
Amylin and glucose coactivate AP neurons and reduce the fasting-induced c-fos 
expression in these neurons. Studies have shown that the injection of the amylin 
receptor antagonist AC187  in the AP or the use of electrolytic lesions of the AP 
results in a reduction of the effect of peripheral amylin. Also, the local injection of 
amylin into the AP inhibits eating and reduces meal sizes. These results suggest that 
AP neurons play an essential role in generating the anorexigenic action of amylin. 
Amylin receptors are composed of a calcitonin receptor core (CTR) and one of the 
receptor activity-modifying proteins (RAMPs). Amylin interacts with other hor-
mones, such as CCK, PYY, GLP-1, and leptin. Like CCK, amylin produces an acute 
satiating effect, but unlike CCK, the effect of amylin with continuous infusion is not 
reduced and there is no compensatory increase in meal frequency. Furthermore, 
CCK affects AP via a paracrine mechanism by activating adjacent vagal afferent 
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nerves projecting to the NTS, whereas amylin acts through a humoral pathway. 
Amylin enhances the anorexigenic effect of PYY3–36 and continuous administration 
of both results in a synergistic effect. The increase in insulin secretion induced by 
GLP-1 also increases the release of amylin significantly, which may contribute to 
some degree to the anorexigenic effect of GLP-1. Peripheral or central infusion of 
amylin reduces the fat mass. Central, but not peripheral, actions of amylin increase 
energy expenditure or at least prevent weight loss-induced decreases in energy 
expenditure. Amylin and leptin seem to act synergistically; effects of leptin are 
reduced in amylin-deficient mice. Amylin also affects the central processing of 
leptin signaling and sensitivity. In animal studies, combined amylin/leptin treatment 
caused reduced eating and adiposity and prevented the decrease in energy expendi-
ture in weight-reduced animals. Evidence suggests that this interaction occurs in the 
hypothalamus since acute injection of amylin upregulates hypothalamic leptin 
receptor expression. As such, combining amylin and leptin could be a potentially 
effective treatment of obesity. Clinical trials have been conducted but terminated 
before completion because of the development of antileptin neutralizing antibodies.

5.3.7  Oxyntomodulin

Oxyntomodulin (OXM) is a 37-AA peptide and a product of proglucagon gene 
(Fig. 5.3) secreted from L-cells in proportion to food ingestion. OXM is a dual agonist 
of the GLP-1R and GCGR. Increased postprandial levels of OXM diminish gastric 
acid secretion and delay stomach emptying. OXM also stimulates glucose- dependent 
insulin secretion from β-cells. Peripheral administration of OXM results in increased 
c-fos in the ARC and may act on the POMC neurons to inhibit feeding. OXM decreases 
food intake and increases energy expenditure and results in weight loss in individuals 
with obesity. The central anorexigenic effect of OXM seems to be mediated in part by 
the GLP-1R. Additionally, OXM may exert its appetite suppressing effect in part by 
reducing circulating levels of ghrelin. Other effects of OXM, such as promoting 
energy expenditure and stimulation of heart rate, appear to be independent of 
GLP-1R. Since there is no known OXM receptor, it is hypothesized that the GLP-1R-
independent effects of OXM, such as the activation of thermogenesis in the BAT, 
could be mediated via GCGR. However, the possibility of the existence of an OXM 
receptor has not been absolutely dismissed, since OXM still produced a small weight 
loss effect in the presence of a GCGR antagonist in GLP-1R−/− mice.

5.3.8  Obestanin

A member of the preproghrelin gene-derived peptide family, obestatin is a 23-AA 
amidated peptide with the ability to inhibit food intake in mice when injected 
peripherally. Obestatin levels are lower in obesity, and this observation in children 
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suggests its association with childhood obesity. Like ghrelin, obestatin is predomi-
nantly produced in the stomach. However, its expression is also demonstrated in 
the pancreas, adipose tissue, skeletal muscle, and liver. In contrast to ghrelin, 
obestatin has positive effects on insulin sensitivity and β-cell function and works 
against the effects of ghrelin on food intake and GH stimulation. Moreover, animal 
studies have shown a ghrelin-independent effect of obestatin on delaying gastric 
emptying and blunting weight gain. Identification of obestatin receptor has been 
challenging and its central effects are undefined, but it seems clear that obestatin’s 
effects are not via GHS-R1a. Demonstration of obestatin affecting different signal-
ing pathways and the presence of different binding sites for obestatin in different 
cells, in addition to recent findings that obestatin binds to GLP-1R in pancreatic 
β-cells and adipocytes, suggest that obestatin is a multifunctional hormone affect-
ing a variety of cells and tissues, not merely a ghrelin antagonist as it was initially 
assumed.

5.3.9  Peptide Tyrosine-Tyrosine

Peptide tyrosine-tyrosine (PYY) is secreted from L-cells and belongs to the pancre-
atic polypeptide (PP) family, along with pancreatic peptide (PP) and NPY. These 
peptides are 36 AA in length and mediate their effects through the NPY receptors. 
There are several subtypes of these receptors (Y1, Y2, Y4, and Y5). There are two 
main endogenous forms of human PYY: PYY1–36 and PYY3–36. PYY1–36 binds to and 
activates all NPY receptor subtypes, whereas PYY3–36 has high affinity for Y2 recep-
tor (Y2R). PYY3–36 is produced by cleavage of the tyrosine-proline amino terminal 
residues of PYY1–36 by the enzyme DPP-4.

In response to food ingestion, PYY3–36 levels rise in plasma. The peak level is 
proportional to the ingested calories. PYY levels are low and progressively fall dur-
ing the fasting state. These responses are blunted in individuals with obesity with an 
intact anorexigenic effect of PYY3–36, suggesting that PYY deficiency may contrib-
ute to the pathogenesis of obesity. PYY levels increase with weight loss and decline 
with weight gain, and the higher baseline levels correlate with greater weight loss in 
subjects with obesity who assume a weight-reducing lifestyle modification pro-
gram. Hence, PYY levels may predict long-term changes in body weight. In a study 
of patients with obesity in a 10-week weight loss program on a very low-calorie 
food intake, there was a reduction of postprandial and fasting plasma levels of PYY, 
which persisted after 1  year and did not return to preintervention levels. These 
changes are believed to encourage weight regain, suggesting the higher body weight 
is being defended through the blunting of PYY response. Thus, obesity may involve 
a higher intervention point and a maladaptive response of energy-regulating hor-
mones, including PYY, to weight loss. PYY responses after GBS are in contrast 
with those with severe obesity who lost weight as a result of low calorie intake, 
consistent with the long(er) lasting weight loss effect of the surgery. Study of trans-
genic mice overexpressing PYY showed a reduced food intake and protection 
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against obesity. Conversely, the knockout mice were prone to obesity and insulin 
resistance. PYY3–36 or Y2R agonists attenuated body weight gain in obesity-prone 
rodents, and the gene deletion of the Y2R in mice resulted in increased food intake 
and body weight. Collectively, these findings make the PYY3–36 and Y2R promising 
targets for treatment of obesity.

5.3.10  Pancreatic Polypeptide

Pancreatic polypeptide (PP) is an amidated 36-AA peptide, released from PP cells in 
the pancreas islets of Langerhans and EEC in the gut. It is a part of the PP family and 
is formed through duplication of the PYY gene. It acts at the Y4 receptor (Y4R), 
which is expressed in the AP, NTS, dorsal motor nucleus of vagus, ARC, and PVN. PP 
is released in response to meal ingestion, and its level is proportional to caloric intake. 
The levels remain elevated up to 6 h postprandially. This response to meal is blunted 
in subjects with obesity, while it is exaggerated in patients with anorexia nervosa. 
Studies on the effect of PP in leptin-deficient ob/ob mice have demonstrated decreased 
weight gain and improved insulin resistance and hyperlipidemia. Overexpression of 
PP in transgenic mice, as well as infusion of PP in humans, has resulted in decreased 
food intake. The anorexigenic effect of PP is suggested to be mediated through Y4R in 
the brain stem and the hypothalamus. PP administration in mice resulted in increased 
oxygen consumption and increased sympathetic release innervating the BAT and the 
adrenal gland. This suggests that PP plays a role in increased energy expenditure.

5.4  Nutrient Sensing and Signaling

5.4.1  Gut Hormones, Mechanosensory, and Chemosensory 
Mechanism

The enteroendocrine system is the primary sensor of nutrient and is responsible for 
secretion of different hormones that act as mediators for gut motility and secretion, 
glucose homeostasis, appetite, and food intake. There is a complex neuroendocrine 
relationship between gut motility and hormone secretion.

The mechanosensitive and chemosensitive actions of the VAN have been long 
demonstrated. The mechanosensory stimuli are generated by food entering the gut 
lumen, the transit of the bolus, and stretching of gut mucosa. Two types of mechano-
receptors are mucosal and tension receptors. The transit of gut contents impacts the 
degree of hormonal secretion due to nutrient sensing. On the other hand, the control 
of food intake, gastric emptying, and gallbladder emptying require the activation of 
the vagal nerve by gut peptides released from the mucosal epithelium (Fig. 5.4).

Chemosensing is rather an indirect process and is thought to depend on pre- or 
postabsorptive mechanisms. The EEC function as chemosensory transducers between 
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the intestinal lumen content and the afferent nerve terminals. While EEC represent a 
small number of intestinal epithelial cells, their function is critical to normal diges-
tive physiology and EH. EEC are located throughout the gut, including the taste buds 
on the tongue, as part of the gustatory system (Fig.  5.5). EEC detect changes in 
luminal condition, such as pH and osmolality, nutrient, and microflora. They signal 
their arrival by triggering the release of regulatory peptides (Fig. 5.6) in an endocrine 
or paracrine fashion. Nutrition in the lumen affects differentiation of EEC and hence 
the variations in gut hormone profile. For instance, fiber in food enhances the dif-
ferentiation of L-cells and thus the GLP-1 production. VAN express several gut hor-
mone receptors, such as GLP-1, CCK 1 and 2, GHS-1R, and Y2 receptors. Released 
hormones in a paracrine fashion attach to their receptors on VAN. VAN fibers con-
verge in the NTS of the brain stem. The neuronal projection from NTS carries signals 
to the hypothalamus. There is some evidence that the expression of these receptors in 
VAN can be altered by nutritional status.
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Fig. 5.4 Complex neuroendocrine relationship between gut motility and hormone secretion. 
Gastric distention limits food intake by creating a feeling of fullness, mediated by vagal afferent 
nerves (VAN). The gut hormones ghrelin and motilin, released from the stomach, control the inter-
digestive motility, and gastric emptying, forwarding the food to the lower intestine. Gut hormones 
released from the lower intestine oppose ghrelin and motilin’s effect via paracrine and endocrine 
effects on mechanoreceptors and chemoreceptors. PYY Peptide tyrosine-tyrosine, GLP-1 
Glucagon-like peptide, GIP Glucose-dependent insulinotropic peptide, CCK cholecystokinin
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5.4.2  Bile Acid Signaling

It is now apparent that BA have functions beyond their classic role in fat absorption. 
It is recognized that BA are also signaling molecules (Fig. 5.6) that can activate BA 
receptors including farnesoid X receptor (FXR) and the G-protein-coupled receptor 
5 (TGR5) to initiate signaling pathways and control gene expressions to regulate 
BA homeostasis and the modulation of lipids, glucose, and EH.

The key receptor TGR5 is highly expressed in liver cells, BAT, muscle cells, 
small intestine, and colonic L-cells that produce GLP-1. BA signaling through 
TGR5 is cell-type specific and can result in gallbladder relaxation, anti- inflammatory 
effects, increased small intestine motility, increased energy expenditure, improved 
glucose metabolism, and insulin sensitivity. The incretin effect of BA occurs through 
TGR-5 stimulation of GLP-1 production. In the gut, BA also bind to FXR, which 
activates fibroblast growth factor 19 (FGF-19) expression (Fig. 5.6), resulting in 

Tongue

Thalamus

Primary taste cortex

Vision
inf. Visual

cortex

Touch
Somatosens

-ory cotex

Olfaction

O
th

er
 P

er
ip

he
ra

l
S

tim
ul

i

Olfactory
cortex

Orbitofrontal cortex
Cingular
cortex

Striatum

Hypothalamus

Behavior

Autonomic
responses

Amygdala

Taste receptors

NTS

Temperature &
texture sensory

(cranial nerves V, VII, IX)

Fig. 5.5 The gustatory-reward pathway. Taste perception has two components: taste sensitivity 
and hedonic value or preference and palatability. The quality of food, in addition to taste, also 
depends on other properties such as texture, odor, and temperature of food. Accordingly, there are 
other sensory inputs in the mouth as well as peripheral cues (somatosensory) and olfactory stimuli, 
and the final integration of these sensory stimuli with gustatory stimuli occurs in reward cortex and 
result in ingestive behaviors. The gustatory system originates from the taste receptors in mouth- 
GPCR (G-protein-coupled receptor) for sweet, salty, bitter, sour, and umami tastes as prototypes—
which relay the signals to nucleus tractus solitarius (NTS) and thalamus. Thalamic afferents project 
to the primary taste cortex. The primary taste cortex projects to the central nucleus of amygdala 
and orbitofrontal cortex (OFC) and the secondary taste cortex projects from where gustatory infor-
mation reaches the lateral hypothalamus (modulation of taste by satiety state) and dopaminergic 
reward system. OFC also receives projections from the primary olfactory cortex, and this integra-
tion results in flavor perception. Cortical taste areas send afferent neurons to NTS as well, resulting 
in modulation of taste in the brain stem
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Fig. 5.6 Nutrient sensing via enteroendocrine cells (EEC). Luminal macronutrients such as glu-
cose, amino acids, and fatty acids (left column) are sensed by EEC via their specific receptors/sen-
sors (middle column), leading to the release of specific gut hormones (right column) from the 
basolateral side of the cells. Luminal glucose potently stimulates the release of glucose-dependent 
insulinotropic peptide (GIP), glucagon-like peptide-1 (GLP-1), and peptide tyrosine-tyrosine (PYY) 
and, less consistently, of cholecystokinin (CCK). Glucose is sensed by a number of mechanisms via 
T1R2/T1R3, the sodium-dependent glucose transporter 1 (SGLT-1), and through the cellular glucose 
metabolism and closure of ATP-sensitive K+ channels. Dietary protein is a strong stimulant of 
CCK. It also can stimulate GLP1 and GIP, and probably PYY. Amino acids activate EECs via taste 
receptors (T1R1/T1R3) and Gq-coupled calcium-sensing receptor (CaSR). Luminal fat stimulates 
the secretion of CCK, GIP, and GLP-1 via nonesterified fatty acid. Fatty acid receptors, FFA1 and 
FFA4, are sensitive to medium-chain (MCFA) and long-chain (LCFA) fatty acids. FFA2 and FFA3 
receptors respond to medium- and short-chain FA. G-protein-coupled receptor 119 (GPR119) is 
activated by lipid derivatives and correlates with increased concentrations of GIP and GLP-1. Cluster 
of differentiation/fatty acid translocase (CD36) may indirectly facilitate the release of FA-induced 
CCK and secretin. Bile acids and microbiota may directly and indirectly influence EEC and their 
hormone release as well. For example, microbiota affects EEC hormonal secretion by producing 
SCFA, which signal via FFA2 and FFA3 receptors and induce the production of GLP-1 and PYY

J. Kaberi-Otarod and Y.-H. Yu



93

increased BA production. BA signaling pathways inhibit diet-induced obesity and 
prevent the development of insulin resistance. The BA-TGR5-dependent effect on 
weight reduction is due to enhanced energy expenditure and not due to reduced 
caloric intake.

The effect of BA on GLP-1 and their role on GBS outcomes have been studied. 
Increased BA signaling after bariatric surgery via TGR-5 receptor enhances GLP-1 
production. However, there is a lag of several months between the increase in BA 
and GLP-1 after the surgery, and although the increased GLP-1 is most likely one 
mediator, the exact mechanism is not completely understood.

5.5  Gut Microbiota

The human gut is colonized by large numbers of microbiota. The majority of GM 
are anaerobes and mostly from Firmicutes phylum (64%) and Bacteroidetes phylum 
(23%). The GM are involved in a number of physiological functions, such as the 
prevention of colonization of pathogens, immunomodulation, digestion, metabo-
lism and the absorption of nutrients, and synthesis of vitamins. New evidence points 
to the contribution of microbiota to the regulation of EH (Fig. 5.7), the mechanism 
of which is not well understood. The fecal transplant from ob/ob mice to germ-free 
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Liver and
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Fig. 5.7 Microbiota and energy metabolism. On the top, possible interplays among food composi-
tion, short-chain fatty acids (SCFA), bile acid composition, and microbiota are depicted. Microbiota 
may affect energy metabolism directly by converting “indigestible” fibers in the colon to SCFA 
that may be absorbed, but they may also influence energy metabolism indirectly via its effect on 
bile acid profile (top), as well as via various organ systems that affect insulin sensitivity and energy 
metabolism, as depicted in the bottom half of the figure

5 Role of the Gut in the Regulation of Energy Balance and Energy Stores



94

mice caused significantly greater adiposity in the recipient than the fecal transplant 
of a lean donor. Obesity seems to be associated with the changes in relative abun-
dance of the bacterial groups and diversity of GM. The studies of animal models of 
obesity followed by studies of humans with obesity revealed a significant reduction 
in Bacteroidetes and increase in Firmicutes phylum. The alteration in the relative 
abundance in these phyla in obesity is associated with increased capacity to harvest 
food energy (Firmicutes phylum harvests greater energy than Bacteroidetes phy-
lum). Short-chain fatty acids (SCFA), principally acetate, propionate, and butyrate, 
are produced by intestinal bacteria from food-derived fibers, and the composition of 
GM is significantly influenced by food composition. SCFA can be used as a source 
of energy for intestinal cells, are transported via the portal vein, and are converted 
to triglycerides in the liver. SCFA function as signaling molecules (Fig.  5.6), as 
ligands to receptors FFAR2 and FFAR3 in the intestine, immune cells, liver, and 
adipocytes. FFAR2 regulates the uptake of energy in white adipocytes and affects 
energy expenditure in muscles. FFAR3 stimulates sympathetic nerves and regulates 
energy expenditure. SCFA bind to gut receptors to induce PYY and GLP-1 produc-
tion, decrease gut motility and intestinal transit, and induce satiety. SCFA may also 
modulate the immune response by reducing the intestinal permeability due to their 
effect on the tight junction functions and mucus production. The microbiota can 
modulate hepatic BA production, and the level of a particular BA can in turn change 
the profile of the GM. The change in BA profile can affect BA signaling function 
and the ability to activate BA receptors or even display an antagonistic action on the 
receptors. This can be the reason that germ-free mice displayed limited BA receptor 
activation. This was shown in a recent study that increased production of muricholic 
acid acted as an antagonist to FXR and FGF15 receptors despite an enlarged BA 
pool. Furthermore, the change in BA composition affects their hydrophobicity, 
which alters nutrient absorption and BA signaling.

There is evidence that GM activate the vagus nerve signaling to the brain. Early 
studies on infected animals with pathogens showed decreased c-fos expression in 
the PVN after subdiaphragmatic vagotomy. Later studies in nonpathogenic micro-
biota demonstrated similar results. Overall, the gut-microbiome-brain axis may 
play an important role in energy hemostasis and behaviors.

5.6  Hedonic Effect of Hormones

The neuronal and endocrine influences on eating are very complex. Food intake is 
rewarding and reinforcing. Homeostatic factors can be deluged by environmental 
cues related to the rewarding properties of food (nonhomeostatic factors). Obesity 
may be the consequence of the hedonic effect and reward-driven feeding, especially 
with food abundance. However, the reward pathway is essential for the minimal 
food intake required to survive, and the mesolimbic reward system has evolved to 
strengthen behaviors which assist achieving the rewards essential for survival (natu-
ral reward). This system closely relates to the hemostatic control system (Fig. 5.1).
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A major neurotransmitter of the reward system is dopamine. Dopamine neurons 
arise from the substantia nigra and ventral tegmental area (VTA) of the midbrain 
and project to nucleus accumbens (NA) and the medial prefrontal cortex. There is 
evidence that the gut hormones participate in the regulation of food reward. The 
reward-processing areas of the brain express receptors for the gut peptides ghrelin, 
PYY, CCK, and GLP-1, amylin, insulin, and the adipokine, leptin.

Ghrelin has evolved to enforce adequate food intake during starvation. Foods 
high in energy are favored for survival. There is less evidence on ghrelin and reward 
in humans than in animals. However, functional magnetic resonance imaging 
(fMRI)s in subjects exposed to images of palatable foods have shown increased 
ghrelin responses in the area of reward system. Ghrelin seems to play a role in moti-
vation to ingest sweet, palatable, and energy-dense foods over bland foods. These 
palatable foods increased dopamine response in NA, which was not seen in GHS- 
R1A knockout mice. Ghrelin appears to play a role in overeating and promoting 
overconsumption of energy dense and palatable foods. The effect of ghrelin in 
reward is not limited to natural reward and may contribute to motivation and reward 
disorders in drug abuse and addiction. Animal models have shown an anxiolytic 
effect of ghrelin with stress. Although there is less evidence in humans, it is pro-
posed that increased ghrelin in chronic stress, as an adaptive response to control 
excessive anxiety and prevent depression, may increase emotional eating by acting 
on the hedonic/reward system. In obesity, possible central ghrelin resistance in 
hedonic areas may result in an inability to control anxiety and increased depression. 
In response, depressed subjects may have an altered hedonic/reward response to 
ghrelin, which makes them susceptible to obesity and eating disorders.

Although the suppressive effect of PYY3–36 on the reward system is not clear, 
studies using fMRI have shown that PYY3–36 modulates activities of nonhomeo-
static areas in VTA and amygdala. It has been suggested that PYY3–36 increases 
discrimination of rewarding foods and reduces reward-motivated drives to eat in the 
fed state.

Central CCK signaling has not been shown to change food reward behaviors, 
although there are some links between CCK signaling and suppressed reward from 
the substance of abuse such as alcohol. CCK also is linked to increased anxiety.

The central GLP-1 is the only anorexigenic gut hormone that has a clear role in 
suppressing food reward behaviors and is linked to decreased food palatability. The 
hindbrain neurons can produce GLP-1; hence, it can directly act on the reward sys-
tem. GLP-1 appears to lessen the cocaine and amphetamine-induced behaviors, 
which is in contrast to the effect of ghrelin.

It has been shown that post-GBS patients have changes in food preferences and 
eating behaviors. They find the sweet and high-fat foods less palatable, and they 
show healthier eating behaviors. In a study using fMRI, subjects exhibited markedly 
different hedonic responses to food after GBS compared to a band surgery. Post- 
GBS subjects showed reduced activation of several hedonic regions of the brain to 
high-calorie foods. It seems that the brain hedonic reward system may respond 
acutely and chronically to the exaggerated postprandial increase in PYY and GLP-1 
and the increased level of BA.  Learned conditioned aversion due to nausea and 

5 Role of the Gut in the Regulation of Energy Balance and Energy Stores



96

symptoms of dumping syndrome may contribute to less hedonic responses to high- 
calorie food. However, it is not clear whether the mechanisms contributing to these 
hedonic changes are due to altered taste receptors; the change in the central process-
ing of taste perception; or changes in signaling by the altered gut hormones, vagal 
neurons, BA, or microbiota.

5.7  Conclusion

Body weight (particularly fat mass) in an adult is relatively constant due to multiple 
energy homeostatic mechanisms. Imbalance of energy intake and energy expendi-
ture results in weight loss or weight gain. The gut is where food is taken in, digested, 
and absorbed. The gut is directly responsible for the body’s energy intake, one of the 
two arms of energy homeostasis. The neuroendocrine system of the gut serves to 
maintain normal functions of food intake on a daily basis but also interact with the 
homeostatic energy balance system and the reward system in the CNS to regulate 
long-term energy balance. Gut hormones are categorized as orexigenic and anorexi-
genic hormones, and the potential role of many of these hormones in the long-term 
energy balance is being increasingly elucidated, and some hormones (e.g., GLP-1 
and amylin) have been demonstrated in clinical settings associated with clinically 
significant weight loss. Various nutrients passing through the gut, as well as BA 
secreted in response to food intake, can also serve (sometimes indirectly) as signals 
that are integrated into the energy homeostatic and nonhomeostatic (the reward sys-
tem) pathways, affecting body weight. Finally, the gut microbiota has emerged as a 
significant player in long-term energy regulation, probably via its modulation of the 
gut signaling, in addition to affecting energy absorption in the colon. Further under-
standing of the gut neuroendocrine system in controlling energy intake promises 
future developments of more effective treatment modalities to fight against obesity.

Reading List

Adamska E, Ostrowska L, Gorska M, Kretowski A. The role of gastrointestinal hormones in the 
pathogenesis of obesity and type 2 diabetes. Przeglad Gastroenterol. 2014;9(2):69–76. Epub 
2014/07/26.

Asakawa A, Inui A, Yuzuriha H, Ueno N, Katsuura G, Fujimiya M, et  al. Characterization of 
the effects of pancreatic polypeptide in the regulation of energy balance. Gastroenterology. 
2003;124(5):1325–36. Epub 2003/05/06.

Batterham RL, Cowley MA, Small CJ, Herzog H, Cohen MA, Dakin CL, et  al. Gut hormone 
PYY(3–36) physiologically inhibits food intake. Nature. 2002;418(6898):650–4. Epub 
2002/08/09.

Boey D, Lin S, Enriquez RF, Lee NJ, Slack K, Couzens M, et al. PYY transgenic mice are protected 
against diet-induced and genetic obesity. Neuropeptides. 2008;42(1):19–30. Epub 2008/01/01.

J. Kaberi-Otarod and Y.-H. Yu



97

Boey D, Lin S, Karl T, Baldock P, Lee N, Enriquez R, et al. Peptide YY ablation in mice leads to 
the development of hyperinsulinaemia and obesity. Diabetologia. 2006;49(6):1360–70. Epub 
2006/05/09.

Chabot F, Caron A, Laplante M, St-Pierre DH.  Interrelationships between ghrelin, insulin and 
glucose homeostasis: physiological relevance. World J Diabetes. 2014;5(3):328–41. Epub 
2014/06/18.

Charron MJ, Vuguin PM. Lack of glucagon receptor signaling and its implications beyond glucose 
homeostasis. J Endocrinol. 2015;224(3):R123–30. Epub 2015/01/09.

Cho YM, Fujita Y, Kieffer TJ. Glucagon-like peptide-1: glucose homeostasis and beyond. Annu 
Rev Physiol. 2014;76:535–59. Epub 2013/11/20.

De Silva A, Bloom SR. Gut hormones and appetite control: a focus on PYY and GLP-1 as thera-
peutic targets in obesity. Gut Liver. 2012;6(1):10–20. Epub 2012/03/01.

Depoortere I. Taste receptors of the gut: emerging roles in health and disease. Gut. 2014;63(1):179–
90. Epub 2013/10/18.

Dockray GJ.  Cholecystokinin. Curr Opin Endocrinol Diabetes Obes. 2012;19(1):8–12. Epub 
2011/12/14.

Dockray GJ.  Enteroendocrine cell signalling via the vagus nerve. Curr Opin Pharmacol. 
2013;13(6):954–8. Epub 2013/09/26.

Filippi BM, Abraham MA, Yue JT, Lam TK. Insulin and glucagon signaling in the central nervous 
system. Rev Endocr Metab Disord. 2013;14(4):365–75. Epub 2013/08/21.

Forsythe P, Bienenstock J, Kunze WA. Vagal pathways for microbiome-brain-gut axis communica-
tion. Adv Exp Med Biol. 2014;817:115–33. Epub 2014/07/06.

Gesmundo I, Gallo D, Favaro E, Ghigo E, Granata R. Obestatin: a new metabolic player in the 
pancreas and white adipose tissue. IUBMB Life. 2013;65(12):976–82. Epub 2013/11/13.

Gueugnon C, Mougin F, Nguyen NU, Bouhaddi M, Nicolet-Guenat M, Dumoulin G. Ghrelin and 
PYY levels in adolescents with severe obesity: effects of weight loss induced by long-term 
exercise training and modified food habits. Eur J Appl Physiol. 2012;112(5):1797–805. Epub 
2011/09/13.

Hussain SS, Bloom SR. The regulation of food intake by the gut-brain axis: implications for obe-
sity. Int J Obes. 2013;37(5):625–33. Epub 2012/06/20.

Kitamura A, Tsurugizawa T, Uematsu A, Uneyama H. The sense of taste in the upper gastrointes-
tinal tract. Curr Pharm Des. 2014;20(16):2713–24. Epub 2013/07/28.

Lacquaniti A, Donato V, Chirico V, Buemi A, Buemi M. Obestatin: an interesting but controversial 
gut hormone. Ann Nutr Metab. 2011;59(2–4):193–9.

Li T, Chiang JY. Bile acids as metabolic regulators. Curr Opin Gastroenterol. 2015;31(2):159–65. 
Epub 2015/01/15.

Lutz TA. The interaction of amylin with other hormones in the control of eating. Diabetes Obes 
Metab. 2013;15(2):99–111. Epub 2012/08/07.

Madsbad S. The role of glucagon-like peptide-1 impairment in obesity and potential therapeutic 
implications. Diabetes Obes Metab. 2014;16(1):9–21. Epub 2013/04/27.

Manning S, Batterham RL. The role of gut hormone peptide YY in energy and glucose homeosta-
sis: twelve years on. Annu Rev Physiol. 2014;76:585–608. Epub 2013/11/06.

Moran CP, Shanahan F. Gut microbiota and obesity: role in aetiology and potential therapeutic 
target. Best Pract Res Clin Gastroenterol. 2014;28(4):585–97. Epub 2014/09/10.

Munzberg H, Laque A, Yu S, Rezai-Zadeh K, Berthoud HR. Appetite and body weight regulation 
after bariatric surgery. Obesity Rev: Off J Int Assoc Study of Obesity. 2015;16(Suppl 1):77–90. 
Epub 2015/01/24.

Naveilhan P, Hassani H, Canals JM, Ekstrand AJ, Larefalk A, Chhajlani V, et al. Normal feeding 
behavior, body weight and leptin response require the neuropeptide Y Y2 receptor. Nat Med. 
1999;5(10):1188–93. Epub 1999/09/30.

Neary MT, Batterham RL. Gaining new insights into food reward with functional neuroimaging. 
Forum Nutr. 2010;63:152–63. Epub 2009/12/04.

5 Role of the Gut in the Regulation of Energy Balance and Energy Stores



98

Nieuwdorp M, Gilijamse PW, Pai N, Kaplan LM. Role of the microbiome in energy regulation and 
metabolism. Gastroenterology. 2014;146(6):1525–33. Epub 2014/02/25.

Page AJ, Symonds E, Peiris M, Blackshaw LA, Young RL. Peripheral neural targets in obesity. Br 
J Pharmacol. 2012;166(5):1537–58. Epub 2012/03/22.

Pinkney J.  The role of ghrelin in metabolic regulation. Curr Opin Clin Nutr Metab Care. 
2014;17(6):497–502. Epub 2014/08/12.

Pocai A. Action and therapeutic potential of oxyntomodulin. Molecula Metab. 2014;3(3):241–51. 
Epub 2014/04/22.

Pocai A. Unraveling oxyntomodulin, GLP1’s enigmatic brother. J Endocrinol. 2012;215(3):335–
46. Epub 2012/09/29.

Pols TW, Noriega LG, Nomura M, Auwerx J, Schoonjans K. The bile acid membrane receptor 
TGR5: a valuable metabolic target. Dig Dis. 2011;29(1):37–44. Epub 2011/06/22.

Psichas A, Reimann F, Gribble FM.  Gut chemosensing mechanisms. J Clin Invest. 
2015;125(3):908–17. Epub 2015/02/11.

Scholtz S, Miras AD, Chhina N, Prechtl CG, Sleeth ML, Daud NM, et al. Obese patients after 
gastric bypass surgery have lower brain-hedonic responses to food than after gastric banding. 
Gut. 2014;63(6):891–902. Epub 2013/08/22

Seeley RJ, Chambers AP, Sandoval DA. The role of gut adaptation in the potent effects of multiple 
bariatric surgeries on obesity and diabetes. Cell Metab. 2015;21(3):369–78. Epub 2015/02/11

Sekar R, Chow BK. Metabolic effects of secretin. Gen Comp Endocrinol. 2013;181:18–24. Epub 
2012/12/19.

Simpson KA, Bloom SR. Appetite and hedonism: gut hormones and the brain. Endocrinol Metab 
Clin N Am. 2010;39(4):729–43. Epub 2010/11/26.

Sjostrom L. Review of the key results from the Swedish obese subjects (SOS) trial—a prospective 
controlled intervention study of bariatric surgery. J Intern Med. 2013;273(3):219–34. Epub 
2012/11/21.

Skibicka KP, Dickson SL.  Enteroendocrine hormones—central effects on behavior. Curr Opin 
Pharmacol. 2013;13(6):977–82. Epub 2013/10/05.

Speakman JR, Levitsky DA, Allison DB, Bray MS, de Castro JM, Clegg DJ, et  al. Set points, 
settling points and some alternative models: theoretical options to understand how genes and 
environments combine to regulate body adiposity. Dis Model Mech. 2011;4(6):733–45. Epub 
2011/11/09.

Steinert RE, Beglinger C. Nutrient sensing in the gut: interactions between chemosensory cells, 
visceral afferents and the secretion of satiation peptides. Physiol Behav. 2011;105(1):62–70. 
Epub 2011/03/08

Sumithran P, Prendergast LA, Delbridge E, Purcell K, Shulkes A, Kriketos A, et al. Long-term 
persistence of hormonal adaptations to weight loss. N Engl J Med. 2011;365(17):1597–604. 
Epub 2011/10/28.

Suzuki K, Jayasena CN, Bloom SR.  Obesity and appetite control. Exp Diabetes Res. 
2012;2012:824305. Epub 2012/08/18.

Sweeney TE, Morton JM.  Metabolic surgery: action via hormonal milieu changes, changes in 
bile acids or gut microbiota? A summary of the literature. Best Pract Res Clin Gastroenterol. 
2014;28(4):727–40. Epub 2014/09/10.

Teubner BJ, Bartness TJ. PYY(3–36) into the arcuate nucleus inhibits food deprivation-induced 
increases in food hoarding and intake. Peptides. 2013;47:20–8. Epub 2013/07/03.

Yu YH, Vasselli JR, Zhang Y, Mechanick JI, Korner J, Peterli R. Metabolic vs. hedonic obesity: a 
conceptual distinction and its clinical implications. Obesity Rev: Off J Int Assoc Study Obesity. 
2015;16(3):234–47. Epub 2015/01/16.

J. Kaberi-Otarod and Y.-H. Yu



99© Springer Nature Switzerland AG 2019 
J. M. Gonzalez-Campoy et al. (eds.), Bariatric Endocrinology, 
https://doi.org/10.1007/978-3-319-95655-8_6

Chapter 6
Adiposopathy

Elena A. Christofides and J. Michael Gonzalez-Campoy

Pearls of Wisdom
• Adipose tissue, like any other tissue of the body, may develop disease. 

Adiposopathy (or sick fat) is akin to retinopathy, dermopathy, nephropa-
thy, neuropathy, encephalopathy, and other tissue or organ diseases.

• Adiposopathy includes changes to adipose tissue function and adipose tis-
sue anatomy.

• Adiposopathy contributes to the development of other metabolic diseases.
• There are defined disorders of regional fat distribution.
• A goal of treatment for clinical endocrinologists is to treat adiposopathy, 

returning adipose tissue function to normal and addressing disorders of 
regional fat distribution as appropriate.
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6.1  Introduction

Adipose tissue may become diseased by changes in size, distribution, or function 
(Table  6.1). Adiposopathy is defined as derangements of adipose tissue function 
and/or anatomy that result in a pathological state. It is important to distinguish 
between the accumulation of fat mass (adiposity) and adiposopathy (disorders of 
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function and structure of adipose tissue). One may exist without the other, but most 
often adiposity and adiposopathy go hand in hand.

It is not in dispute that excess adiposity can be detrimental to the health of a 
 person. The difficulty has been to characterize the features of adipose tissue dysfunc-
tion which clinically correlate to the degree of adiposopathy. Numerous studies have 
shown that adipocytes can be diseased even when not in excess, and clinically lean 
individuals can have features of the metabolic syndrome. This lean-on-the- outside-
fat-on-the-inside (LOFI) phenotype has created a paradox for the term “excess adi-
posity.” Therefore the term, “obesity” or “excess adiposity” can no  longer be used to 
adequately describe the process of adipocyte disease that occurs regardless of adi-
pose mass. The term “adiposopathy” best characterizes the multiplicity of effects 
that the diseased adipocyte can have on the organism as a whole. The ability to name 
this entity more concisely allows educational material to be organized around a cen-
tral theme that is not contradictory or confusing.

6.2  Anatomical Changes in Adiposopathy

Healthy adipocytes are characterized by lipid droplets of a particular size such that 
the lipid content represents approximately 90% of the total adipocyte cell volume. 
In adipose tissue, the supportive structures taken collectively (collagen matrix, vas-
culature, immune cells etc.) should equal 50% of the total mass. Collectively, the 
adipose mass is approximately 20% visceral white adipose tissue (WAT) and 80% 
peripheral WAT. Stimulation for adipose tissue deposition in visceral versus periph-
eral fat stores is predetermined primarily at birth. Throughout life, ongoing stimula-
tion for differential deposition in these two fat stores is directed by environmental 
pressures, sex steroids (independently of gender), age, and epigenetic changes. 
Women typically have visceral adipocytes that are smaller than their peripheral adi-
pocytes. In obesity, this ratio is not preserved and women with obesity have a more 

Table 6.1 Anatomical and functional changes of adipose tissue in adiposopathy

Anatomical changes Functional changes

Adipocyte hypertrophy
Growth of adipose tissue beyond its vascular 
supply
Increased number of adipose tissue immune cells
  Macrophage ring structures surrounding dying 

adipocytes
Ectopic fat deposition (in other body tissues)
Heterogeneous adipose tissue distribution
  Visceral adiposity linked to metabolic diseases

Impaired adipogenesis and adipocyte 
hypertrophy
Adipocyte lipolysis in excess of lipogenesis
  Increased free fatty acids
Pathogenic adipose tissue endocrine 
responses
  Hypoadiponectinemia
  Hyperleptinemia
Pathogenic adipose tissue immune 
responses
  High levels of inflammatory markers
Pathogenic crosstalk between fat and other 
organs
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uniform distribution of adipocyte size. Men have a more uniform distribution of 
adipocyte size throughout their lives.

The distribution of excess nutrient intake is dependent on the difference between 
caloric intake and expenditure over time. Initially, the liver serves as the primary 
target of excess nutrients, followed by the muscle. Both however have a limited 
capacity for energy storage. Excess nutrient intake over prolonged periods of time 
leads to the recruitment of preadipocytes through peroxisome proliferator-activated 
receptor (PPAR)-γ. Lipid droplet transfer from mature adipocytes into newly formed 
immature adipocytes allows for storage of excess energy over time. Dysfunctional 
PPAR-γ activation impairs this process and prevents the mature adipocyte from 
shedding additional lipid droplets leading to hypertrophy and further dysfunction.

Under the influence of androgenic hormone predominance, excess caloric intake 
is preferentially shunted to the peripheral adipose tissue. Men have a decreased 
capacity for adipogenesis, therefore increased demand places great strain on the 
peripheral adipocyte and hypertrophy ensues. The loss of testosterone activity in a 
man shifts the burden of free fatty acid (FFA) uptake to the visceral adipose tissue, 
which has a lower capacity to store triglycerides. If the excess caloric intake occurs 
under the influence of estrogen hormone predominance the visceral adipose tissue 
is bypassed in favor of deposition in the peripheral adipocytes, which favors adipo-
genesis and increased adipose mass via recruitment of preadipocytes rather than 
hypertrophy. During times of great psychosocial stress, nutrient intake has a differ-
ent fate. Excess nutrient intake in the presence of elevated glucocorticoid levels 
preferentially shunts calories to visceral adipose tissue for storage. The visceral 
adipocyte is stimulated to hypertrophy in part due to the downregulation of adipo-
cyte recruitment in the periphery. If the nutrient excess is prolonged, then the 
peripheral adipocyte is also induced to hypertrophy. Other factors may affect this 
differential accretion of adipose tissue. For example, in the presence of isolated 
hypertension, without other clinical features of obesity, there is suppression of 
peripheral adipocyte recruitment due to elevated levels of angiotensinogen. Thus, 
the development of excess adipose mass (adiposity) exerts variable hormonal 
effects and is in turn affected by the hormonal milieu that creates it. Peripheral 
adiposity is significantly less inflammatory than intra-abdominal adiposity. All 
things considered, health risk assessment strictly based on body mass index (BMI) 
criteria is inaccurate.

Visceral adipose tissue is more metabolically active in regard to adipokine pro-
duction and thus more sensitive to perturbations of metabolic stress than peripheral 
adipose tissue. Visceral adipose tissue is more limited in its capacity for triglyceride 
storage. Visceral adipocytes have a higher turnover of lipid metabolism. The epicar-
dial fat layer is the most metabolically active fat depot, but all visceral fat contrib-
utes to fat metabolism. As such, the visceral adipose mass is not a major energy 
repository but rather represents a mediator of energy pass through. In the presence 
of continuous nutrient intake excess, the visceral adipocytes are less capable of 
adipogenesis. Engorgement of mature visceral adipocytes ensues, and adipocyte 
hypertrophy then promotes an inflammatory milieu.

6 Adiposopathy



102

6.3  Pathophysiological Changes in Adiposopathy

Adipose tissue develops inflammation when hypertrophied. The hypertrophied adi-
pocyte outgrows its oxygen supply. Once the adipocyte grows beyond the passive 
diffusion distance of oxygen, it triggers hypoxia-inducible factor 1 (HIF1) and this 
initiates cell death (Fig. 6.1). HIF1 recruits proinflammatory macrophages that act 
as scavengers. Macrophages suppress adipogenesis directly and indirectly. There is 
downregulation of uncoupling protein (f)-2, PPARγ,and glucose transporter 4 
(GLUT4). Nutrient uptake is hindered, and preadipocyte recruitment is prevented. 
Hypoxia-induced macrophage infiltration of WAT, as it hypertrophies, may be con-
sidered a sentinel event to the development of adiposopathy. Total macrophage mass 
within WAT is directly correlated to adipose mass and production of tumor necro-
sis factor (TNF)-α. Adiponectin is a well-recognized hormone produced by 
healthy adipose tissue. It heralds insulin sensitivity and has an anti-inflammatory 
effect. Adiponectin secretion is inhibited by HIF1. A decrease in adiponectin lev-
els correlates with the hypoxic inflammatory environment created by adipocyte 
hypertrophy.

Plasma levels of interleukin-6 (IL-6) correlate to adiposity and the development 
of diabetes and cardiovascular disease. This adipokine has been shown to decrease 
adiponectin levels, inhibit adipogenesis, and downregulate insulin receptors. 
Interestingly, the inverse is true in the central nervous system (CNS) fluid. Elevated 
levels of IL-6 in the CNS promote energy catabolism and decrease food intake. One 
potential mechanism of impaired signaling in adiposopathy may well be the inabil-
ity of the plasma IL-6 to communicate with the CNS.

Healthy

Tissue oxygenation

Macrophage infiltration

Monocyte Macrophage Adipocyte

Dead
adipocyte

Vasculature

Weight
gain

Cell
death

Weight
gain

Local
hypoxia

Adiposopathy →

Fig. 6.1 Adipose tissue changes which develop with the progression of adiposopathy

E. A. Christofides and J. M. Gonzalez-Campoy



103

Adipocytes undergoing oxidative stress produce plasminogen-activator inhibitor 
(PAI)-1 in excess. Plasma levels of PAI-1 correlate with hyperinsulinemia, obesity, 
and the presence of dysmetabolic syndrome. PAI-1 is a procoagulant and a potent 
inducer of fibrosis. Fibrosis of the supportive structures surrounding the adipocyte 
further increases the burden of hypoxia.

Healthy adipocytes use adenosine monophosphate-activated protein kinase 
(AMPK) as a key step in glucose metabolism under the influence of adiponectin and 
leptin. Insulin inhibits AMPK function, which in turn downregulates preadipocyte 
differentiation. Metformin has been shown to activate AMPK. Hyperinsulinemia and 
excess exogenous insulin may play a role in preventing healthy adipocyte recruitment 
to attenuate nutrient excess.

Leptin levels are directly proportional to total fat mass. Leptin may be consid-
ered a signal from adipose tissue to the brain about total energy storage. Leptin 
levels correlate with hypertrophied adipose mass but not adipocyte number. This is 
counter-intuitive to the usual functions of leptin. Leptin is stimulated by negative 
caloric balance and has a potent lipolytic effect via stimulation of release of FFA 
into the circulation. In adiposopathy, there is classic leptin resistance, where the 
leptin level is no longer bound by the negative nutrient intake. Leptin continues to 
induce lipolysis with unmitigated release of FFA into the circulation. Rising levels 
of leptin have also been shown to induce hypertension.

Adiposopathy relates to overall nutritional status through retinol-binding protein 
(RBP)-4 levels. RBP-4 transports vitamin A in the retinol form and appears to be 
stimulated by declining glucose levels. The RBP-4-vitamin A complex binds with 
retinoid X receptors (RXR) in combination with transthyretin to induce glycolysis in 
the liver and downregulation of GLUT4 in the periphery. RBP-4 levels correlate with 
visceral adiposity. RBP-4 levels decline as visceral adipose mass declines. RBP-4 
levels are unchanged with alterations of the peripheral adipose mass. Declining lev-
els of RBP-4 are highly predictive of success at long-term weight loss maintenance 
regardless of method (i.e., bariatric surgery or nutrition and physical activity).

Brown adipose tissue (BAT) is much less than WAT in humans. Regulation of 
BAT by PPARγ coactivator 1-alpha (PGC1α) binding with twist-related protein 1 
(TWIST1) is more closely tied to subcutaneous adipose mass and induced by 
PPARδ. Promotion of thermogenic fatty acid oxidation declines with increasing 
peripheral adiposity. In WAT, macrophage infiltration downregulates the PGC1α- 
TWIST1 protein complex through the production of TNF-α and IL-6.

Adipose tissue dysfunction and adipose tissue distribution are tightly coupled. 
Although it is possible for adipose tissue dysfunction to develop independent of 
adipose tissue mass, for most patients, the accumulation of intra-abdominal fat, or 
visceral fat, is directly responsible for the changes in function that cause adipo-
sopathy (Table  6.1). There is a strong genetic component involved. There are 
many patients who accumulate significant amounts of visceral fat but who do not 
have markers of adipose tissue dysfunction or metabolic diseases in association. 
Adiposopathy, on the other hand, may happen with only modest increases in vis-
ceral fat, as is the case in populations with gene pools originating in the Asian 
subcontinent or Southeast Asia.
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Intra-abdominal or visceral fat is considered to be a tumor, and its mass effect 
may be significant (Fig. 6.2). The intra-abdominal space is finite, and the accumula-
tion of visceral fat produces a significant mass effect. In addition to affecting sys-
temic vascular tone by the generation of a vast vascular network that increases 
peripheral resistance, increased adipose tissue mass raises the intra-abdominal pres-
sure (IAP). An elevation of IAP leads to mechanical problems such as acid reflux 
disease, urinary incontinence, and the development of hernias. It also affects the 
function of other organs in the abdominal cavity and the retroperitoneal space.

6.4  Adipocyte Disruptors

Adipocyte function may be affected by hormonal and neural inputs. The environ-
ment in which we exist modulates the expression of genes. Other than the availabil-
ity and palatability of foods, and disincentives for physical activity, there are other 
adipocyte disruptors, which are amenable for clinical intervention.

6.4.1  Circadian Dysrhythmia

Circadian dysrhythmia has long been suspected of creating metabolic havoc. 
Identification of the clock nuclei in the hypothalamus and their integrated functions 
has proved a boon to our understanding of the influence of the day-night cycle. 
Humans evolved to require set periodicity in light-dark cycles of particular lengths. 
Disruptions come in many forms of our own doing. The most common disruption 
for modern man is the invention of the light bulb. With the capability of generating 
light after dark, the human brain can no longer rely on the natural light-dark rhythms 
of the earth’s 24-h cycle. Failure to ensure complete darkness for a set period of time 
disrupts the CNS clock. Further disruptions come in the form of blue-light-emitting 

Fig. 6.2 Visceral adiposity
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electronics that are utilized during expected periods of darkness. Blue light entering 
the retina has been shown to disrupt melatonin secretion causing a phase delay in 
sleep cycle. Delayed and disrupted sleep cycles impair CNS control centers from 
the task of correct nutrient intake timing and delivery.

Pro-opiomelanocortin (POMC) and cocaine- and amphetamine-regulated tran-
script (CART) proteins exist in the hypothalamus specifically to coordinate light- 
dark and sleep-wake cycles. They entrain the hypothalamic-pituitary-adrenal (HPA) 
axis and the ghrelin/leptin signaling timing. Ghrelin and leptin are secreted in accor-
dance with food intake. Correct stimulation and suppression of these hormones in 
the course of a 24-h day are important to ensure correct timing of FFA uptake in the 
gut and thermoregulation by BAT. In addition, beige adipocytes are recruited for 
additional thermogenesis as needed to dissipate caloric excess. The drive to con-
sume calories is also timed to meet thermoregulatory demands beyond basic meta-
bolic needs. Alterations from the expected day-night cycle impair nutrient intake 
timing and delivery of nutrients. Thus, circadian rhythm also applies to the gastro-
intestinal system. Expectation of nutrient intake is not random but timed after sleep, 
interspersed throughout the day and not expected at night.

Glucagon-like peptide (GLP)-1 has emerged as a critical hormone for the control 
of postprandial glucose disposal. GLP1 is also entrained to the circadian clock and 
if it loses periodicity, it loses the ability to stimulate GLUT4 for the transport of 
glucose into cells. The disordered FFA metabolism that ensues if circadian disrup-
tion occurs further alters the leptin response to glucose stimulation. Perhaps, one of 
the most critical components of the circadian clock is the HPA axis. Disordered 
sleep-wake cycles alter the HPA axis with disordered cortisol secretion. Loss of 
periodicity of cortisol secretion simulates Cushing’s syndrome (pseudo-Cushing’s) 
with subsequent shifting of FFA uptake away from the peripheral and into the vis-
ceral adipose tissue.

6.4.2  Nutrients

Nutrient density is more than just caloric content. Multiple aspects of the health or 
dysfunction of the adipocyte are a direct result of the vitamin content of meals or the 
digestive capability of the gut. Vitamin A upregulates RBP-4 when intake is inade-
quate. RBP-4 has direct and indirect effects on cellular capacity for glucose metabo-
lism. RBP-4 impairs GLUT4, which decreases glucose uptake. RBP-4 has also been 
shown to indirectly suppress adipogenesis.

Vitamin D deficiency is a key player in glucose regulation based on its role in 
binding to RXR, which as a complex is critical to gene transcription of insulin (in 
the pancreas). The downregulation of proinflammatory macrophages is also influ-
enced by adequate vitamin D levels. It has been postulated that despite correcting 
for socioeconomic factors, the increased cardiovascular disease mortality of minor-
ity populations, particularly African-Americans, is related to a more significant 
degree of vitamin D deficiency than the Caucasian population.
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6.4.3  The Gut and Gut Microbiome

The mass of the gastrointestinal epithelium may be second only to the adipose mass 
in sheer volume and hormonal functionality. Failure to maintain a healthy gut has 
wide-ranging implications for the adipocyte. The gut microbiome is comprised of 
tens of trillions of bacteria with more than 150 times more genes than our own bod-
ies. Gut dysbiosis is an emerging risk factor for adiposopathy. Nutrient delivery to 
the microbiome is necessary for a healthy population of gut bacteria. Alteration of 
the population of gut bacteria, which shifts the population balance and disrupts the 
functions needed to maintain a healthy gut endothelium, has been described. 
Tetracycline has been implicated in the downregulation of mitochondrial activity. It 
is believed that gut bacteria are responsible for the interaction of ingested fats such 
as polyunsaturated fatty acids (PUFAs) in stimulating GLP1. It is known that sev-
eral species of gut bacteria are capable of producing serotonin as well as stimulating 
localized serotonin production in the gastrointestinal track independent of the 
CNS.  It is possible that this neurotransmitter release has an effect on the central 
CNS with subsequent downstream consequences on the adipocyte. Indeed, pertur-
bations of gut-brain neural communication have been demonstrated to impact adi-
pocyte function. These effects on adipocyte function are mediated by the HPA axis, 
POMC disruptions due to altered serotonin function, and improper handling of FFA 
by the gut. Fecal transplantation in human and animal trials suggests that adipocytes 
can be manipulated by merely shifting the population of gut bacteria, with some 
species being obesogenic and others inducing weight loss.

6.5  Adiposopathy and Crosstalk with Other Organs

Other chapters in this textbook will address many of the interactions between adi-
pose tissue and other organ systems, including the effects of adiposopathy. This 
section will discuss other crosstalk effects of adipose tissue and adiposopathy.

6.5.1  Nervous System

Adipokine measurements in plasma reflect adipose tissue function in obesity. The 
levels of adipokines and other signaling molecules are not the same when CNS fluid 
is sampled. Adipokines in the plasma have been shown to alter CNS permeability. 
The CNS is responsive to ratios of signaling hormones rather than absolute values 
of individual adipokines. Thus, attempts to manipulate peripheral adipokine levels 
in order to control metabolism may not proceed as predicted.

Adipose tissue is intensely innervated and the adrenergic system is a potent con-
troller of thermogenesis in BAT. Loss of β-adrenergic neurons decreases UCP-1 
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activation with subsequent diminishment of FFA consumption by thermogenesis. 
Progressive loss of peripheral β-adrenergic innervation of adipose tissue decreases 
recruitment of WAT into beige adipocytes further decreasing metabolic flexibility to 
dispose of excess caloric intake.

There is emerging evidence that adiposopathy plays a role in the development of 
dementia. The presence of adipokines and other inflammatory markers in brain tis-
sue samples of dementia victims indicates a correlation at minimum. Given that 
there is no consistent finding of other adiposopathy-associated illnesses present 
with dementia, perhaps there is a sentinel event or epigenetic change that predis-
poses a patient to proceed down this particular path. The apolipoprotein E (Apo E) 
gene is a known lipid metabolism gene. It is responsible for lipid movement across 
cell membranes; in particular, it appears to be responsible for lipid movement in and 
out of the CNS. Epidemiologic studies have shown a consistent correlation with the 
development of dementia as well as the decade of onset based on the number of 
ApoE 4 alleles versus the ApoE 3 alleles present. The presence of the ApoE 3/4 
heterozygosity or ApoE 4/4 homozygosity and the associated increased risk of 
developing of dementia suggests a relationship between adiposopathy and dementia 
that needs exploring more fully.

6.5.2  Toxic Effects of Free Fatty Acids

Initial deposition of excess energy in the form of parenteral-derived FFA is pre-
sented to the liver and the muscle tissue. If positive caloric balance continues beyond 
capacity, then those FFAs are shunted to the adipocyte. If the adipocyte is incapable 
of accepting the excess nutrients, then the FFAs are freely circulating. Excess circu-
lating FFAs are directly toxic to all cells. Indirectly, they activate reactive oxygen 
species (ROS), suppress nitric oxide production in the vascular endothelium, and 
cause vasoconstriction. An excess of ROS is known to be present in adiposopathy. 
ROS are directly toxic to neurologic tissue. Much of the ROS in adiposopathy occur 
locally during hypoxia of hypertrophied adipose tissue.

6.5.3  Effect on Bone Mineral Density

The bone marrow contains a common progenitor cell of both osteoblasts and adipo-
cytes. Recruitment and differentiation is need-based and responds to hormone sig-
naling. A correlation between increased adipogenesis and decreased bone mineral 
density has been observed in humans. The exact mechanism is unclear, but it is 
postulated that excessive demand on the bone marrow for adipogenesis depletes the 
population of progenitor cells that could be targeted for differentiation into osteo-
blasts. Provided that adipogenesis pressures are not prolonged, the bone marrow has 
the ability to replenish the stem cell depot. If adipogenesis pressures are excessive 
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or prolonged, the aging bone marrow may not be able to maintain adequate osteo-
blast recruitment from the progenitor depot in order to maintain healthy bone min-
eral density.

6.5.4  Heart and Vasculature

The heart historically has been assigned a passive role in the discussion about adi-
posopathy. In fact, the epicardial fat depot is the most biologically active adipose 
tissue. Epicardial fat exhibits the highest rate of lipid turnover of any adipose tissue 
type. It accounts for up to 20% of the weight of the heart and is responsible for 
maintaining ventricular function, cardiac vessel health, and autonomic innervation. 
The presence of an epicardial layer of fat signals a very important interplay of the 
endocrine system and the myocardium. The thickness of the epicardial fat is inde-
pendently correlated to the degree of overall obesity as well as the degree of myo-
cardial dysfunction. Increasing amounts of epicardial fat correlate with increasing 
features of adiposopathy, metabolic syndrome (particularly hypertension), and adi-
pokine production. HIF1 activation in epicardial fat correlates with the degree of 
cardiomyopathy present. This suggests that the heart, or at least epicardial fat, is an 
active contributor to adiposopathy.

The epicardial fat is known to be especially innervated. A potentially new cate-
gorization of cardiovascular disease as a function of a neuro-endocrine-vascular 
dysfunction should be considered as a consequence of adiposopathy. Interventional 
and observational studies have repeatedly shown that aggressive medical manage-
ment is more effective for cardiovascular disease outcomes than invasive proce-
dures such as percutaneous transluminal coronary angioplasty (PTCA) or 
percutaneous coronary intervention (PCI). Interestingly, transposition of a vessel 
without the associated vascular fat as in coronary artery bypass graft (CABG) is the 
only cardiac intervention proven to be more effective than medical therapy in 
patients with diabetes. Addressing adiposopathy in patients with diabetes appears to 
be more relevant to cardiac outcomes than the manipulation of the vascular lumen 
via internal catheters.

The vasculature and supportive structures make up the largest volume of tissue 
affected by adiposopathy. Elevated levels of proinflammatory cytokines blunt endo-
thelial nitric oxide synthase (eNOS) production. Inflammatory macrophages secrete 
vascular endothelial growth factor (VEGF), which induces vascular remodeling 
with smooth muscle cell (SMC) proliferation. Prostaglandin secretion is also ele-
vated in these circumstances, which causes further vasoconstriction and fibrosis, 
culminating in hypertension. Hypertension alone has been shown to inhibit adipo-
genesis. If the inflammation is accompanied by elevated levels of circulating FFAs, 
then an increase in ROS is seen. ROS damage the vascular endothelium allowing for 
the formation of characteristic atherosclerotic plaque. Once a vessel is damaged, it 
signals and recruits adipocytes locally in order to absorb the excess FFA. These 
perivascular adipocytes are fully functioning WAT. If there is a continuous elevation 
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of circulating FFA, the perivascular adipocytes begin to hypertrophy due to ongoing 
suppression of adipogenesis. Hypertrophic adipocytes become progressively more 
hypoxic with localized damage. Hypoxia locally increases ROS which increase 
SMC remodeling and fibrosis, as evidenced by increased collagen V levels in dis-
eased vessels. Ongoing vessel exposure to excess FFA clearly creates a systemic 
reaction in the vasculature and periorgan adipose layers. The organs with the highest 
oxygen demand, such as the heart, brain, and kidneys, are the most susceptible to 
dysfunction.

The presence of hypertension in the setting of overweight or obesity is sufficient 
to assume that adiposopathy is occurring. The impairment of healthy adipogenesis 
that occurs in the setting of hypertension will clearly lead to the progression of vas-
cular disease if neither the hypertension nor the excess caloric intake is addressed. 
Numerous antihypertensive agents in the renin-angiotensin-aldosterone system 
(RAAS) family have shown particular affinity toward blocking SMC remodeling 
and fibrosis of the vasculature. RAAS blockade should be given initial consider-
ation for treatment of hypertension in all patients. Suppression of angiotensinogen, 
in particular, has the potential to be the most potent treatment for adiposopathy, as 
it relates to hypertension.

6.6  Disorders of Regional Fat Distribution

6.6.1  Lypodystrophy

The absence of subcutaneous fat is characteristic of lipodystrophy syndromes. 
Lipoatrophy is a rare condition. The loss of the WAT depots in the subcutaneous fat 
stimulates an induction of visceral adipose tissue. The loss of subcutaneous fat 
depots with maintenance of visceral adiposity correlates with low levels of leptin 
and adiponectin. Leptin levels rise with increasing fat mass. In lipodystrophy, despite 
an increase in intra-abdominal mass, the loss of subcutaneous fat makes overall fat 
mass decrease. Leptin levels are therefore decreased. At the same time, adiposopathy 
develops in the intra-abdominal space, causing adiponectin levels to also drop. Thus, 
the absence of WAT in the subcutaneous space produces inappropriately low levels 
of adiponectin and leptin. In lipodystrophy, there is a paradoxically high level of 
insulin resistance due to an additive effect of FFA oxidation which results from low 
leptin and adiponectin levels. Replacement of leptin and adiponectin individually, or 
in combination, in animal models as well as in humans, has shown reversal of the 
excess FFA oxidation with subsequent decrease in insulin resistance features.

Whereas lipodystrophy is rare, accrual of fat mass affects two-thirds of the 
American population. There are recognized disorders of regional fat distribution 
(Table 6.2). Some of these disorders are also rare, and some are exceedingly com-
mon (visceral adiposity). The location of adipose tissue growth seems to be largely 
genetically driven. For some of these disorders,  the genetic factors involved have 
been identified.
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Table 6.2 Adiposopathy conditions

Adiposopathy condition Characteristics ICD-10 code

Localized adipose tissue accumulation (regional)
Abdominal obesity 
(intra-abdominal)
Adiposity, localized (i.e., 
dorsal arm, thighs, and flanks)
Buffalo hump (Dowager’s 
hump)
Panniculus (subcutaneous 
abdominal)

E65

Specified localized adipose tissue accumulation (regional)
Hoffa’s fat pad disease Infrapatellar fat pad E88.89
Gynecomastia Glandular breast growth in men N62
Lipedema (lipoedema) Lower extremity distribution R60.9
Liposarcoma
  Malignant lipomatous 

tumor

C49.9

Lipodystrophies
Acquired generalized 
lipodystrophy
  Acquired lipoatrophic 

diabetes
  Lawrence syndrome
  Lawrence-Seip syndrome
Acquired partial lipodystrophy
  Barraquer syndrome
  Barraquer-Simons disease
  Simons syndrome
  Partial lipoatrophy
  Partial lipodystrophy
  Progressive cephalothoracic 

lipodystrophy
  Progressive partial 

lipodystrophy
Congenital generalized 
lipodystrophy, types 1, 2, 3, 
and 4
  Berardinelli-Seip syndrome
  Lipodystrophy of 

Berardinelli
  Seip syndrome
(Congenital) familial partial 
lypodystrophy, types 1, 2, 3, 4, 
5, and 6
  Kobberling-Dunnigan 

syndrome
  Lipoatrophic diabetes

Lipoatrophy is associated with low 
circulating leptin and osteosclerosis

E88.1
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Table 6.2 (continued)

Adiposopathy condition Characteristics ICD-10 code

Fat wasting
  Lupus panniculitis
Lipoatrophia annularis
  Ferreira-marques 

Lipoatrophia
Centrifugal abdominal 
lipodystrophy
  Lipodystrophia 

centrifugalis abdominalis 
infantilis

E88.1

AIDS-related lipoatrophy
  Fat redistribution syndrome
  Highly active antiretroviral 

therapy (HAART)-induced 
lipodystrophy

  Lipoatrophy due to HIV 
infection

B20

Lipohypertrophy Subcutaneous adipose tissue hypertrophy is 
usually seen at insulin injection sites

E65

Lipomatosis
Lipoma (single; may form 
from periorgan fat anywhere 
in the body)
Lipomatosis (multiple)

Each is circumscribed or encapsulated
Each reaches a relatively static size after the 
initial growth period
Size does not regress, even with starvation
Become hard with the application of ice.
Cytological staining is positive for leptin and 
reticulin, which surrounds adipocytes.
Cytogenetically, 55–75% of solitary lipomas 
have rearrangements of the high-mobility 
group A T-hook 2 gene.
Multiple lipomas usually have a normal 
phenotype.

D17.xy
(x and y = digits 
to define 
anatomical 
location)

Epidural lipomatosis D17.79
 Adiposis dolorosa
  Adiposalgia
  Adiposis tuberosa simplex 

(fatty degeneration 
occurring in nodular 
masses)

  Adipose tissue rheumatism
  Ander’s disease
  Dercum’s disease
  Lipomatosis dolorosa
  Morbus dercum

Lipomas are encapsulated
Lipomas are tender to touch
Pain is unresponsive to common analgesic 
medications
May be a lymphovascular disorder—
Abnormal adipose tissue deposition has been 
correlated to abnormal lymphatic structure 
and function
The preferred treatment is excision of the 
affected lesion
Recurrence is common

E88.2

(continued)
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Table 6.2 (continued)

Adiposopathy condition Characteristics ICD-10 code

Symmetric(al) lipomatosis 
(SL)
  Benign symmetric(al) 

lipomatosis
  Diffuse symmetrical 

lipomatosis
  Multiple symmetrical 

lipomatosis
  (a)  SL type 1 (cervical 

region and face)
     Familial benign cervical 

symmetric lipomatosis
    Madelung’s disease
     Madelung-Launois- 

Bensaude syndrome
  (b)  SL type 2 (shoulders, 

upper arms, and chest)
      Launois (Lanois)-

Bensaude syndrome
     Lipomastia
  (c)  SL type 3 (gynecoid)
     Steatopygia
  (d)  SL type 4 (palmar or 

plantar)

Nonencapsulated
Affects patients who are 30–70 years old
Prevalence of 1 in 25,000
Male-to-female ratio of 15–30:1.
Lipomas measure from 1 to 20 cm and may 
cause local compression symptoms affecting 
the airway and thoracic outlet in 15–20% of 
patients.
Dysphagia, obstructive apnea, hoarseness, 
and irregular breathing have all been 
described with progressive fat mass accrual.
Limitations of joint mobility and joint pain 
(especially the cervical spine and shoulders), 
paresthesias due to nerve damage, and gait 
disturbance frequently are a part of the 
syndrome.
Most patients also have visceral adiposity 
with insulin resistance, hepatomegaly, and 
hyperglycemia

E88.2

Familial multiple lipomatosis
  Familial multiple 

symmetric lipomatosis
  Multiple familial 

lipomatosis

Encapsulated
Characterized by painless lipomas of the 
neck, arms, abdomen, and thighs that most 
commonly appear in the third decade of life
Most affected individuals have generalized 
adiposity and insulin resistance
Lipomas may be multiple and large

E88.2

Encephalocutaneous 
lipomatosis
Haberland syndrome
Hemihyperplasia-multiple 
lipomatosis syndrome
Neurolipomatosis
Roch-Leri mesosomatous 
lipomatosis

E88.2

Fat necrosis
  Fatty degeneration
  Lipoid degeneration
Lipomatosis gigantea
Lipomatosis renis
Nodular circumscribed 
lipomatosis

E78.89
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Table 6.2 (continued)

Adiposopathy condition Characteristics ICD-10 code

Generalized adiposity
Drug-induced obesity E66.1
Obesity hypoventilation 
syndrome
  Cardiopulmonary obesity 

syndrome
  Obesity with alveolar 

hypoventilation
  Pickwickian syndrome

E66.2

Overweight Race-defined BMI thresholds E66.3
Obesity Race-defined BMI thresholds

Redefined based on burden of disease 
attributable to accrued fat mass and 
adiposopathy

E66.9

Obesity (classes 1 and 2; BMI 
30–39.9)
  Exogenous obesity

Race-defined BMI thresholds E66.09

Obesity with morbidity
  Morbid obesity
Extreme obesity (classes 3 
and higher; BMI 40 kg/m2 or 
higher)
Morbid obesity with 
spermatogenic failure

Excess fat mass with any associated 
metabolic or physical complication or 
comorbid condition

E66.01

Familial obesity
  Obesity due to specific 

mutations
   Mutation of CART gene
   Mutation of MC4R gene
   Mutation of NR0B2 gene
   Mutation of POMC gene
   Mutation of SIM1 gene
Endogenous obesity
Hypogonadal obesity

E66.8

Adiposity (generalized)
Obesity due to cancer therapy
Obesity of nonendocrine origin

E66.9

Adiponectin deficiency
Obesity due to leptin deficiency

E88.9

Hypothalamic obesity E34.8
Obesity of endocrine origin E34.9

6.6.2  Lipomas

A lipoma is a benign tumor composed of adipose tissue, which is mostly fat. Lipomas 
literally translate as a tumor of fat. Lipomas have been described everywhere in the 
human body, since adipose tissue is distributed wherever the vasculature reaches. 
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Lipomas have a defined mass, which is circumscribed or encapsulated, and are com-
posed of mature adipocytes. Lipomas cause medical problems by their mass effect 
when they grow in constrained spaces. Examples of this include retro- orbital lipo-
mas, spinal canal lipomas, and angiomyolipomas.

6.6.3  Adiposis Dolorosa

AD was first described in 1892 by Dr. Francis Xavier Dercum to describe the growth 
of encapsulated lipomas anywhere in the subcutaneous fat, from small nodules to 
large masses, many becoming painful, and being tender to touch. Dercum’s disease, 
as AD is commonly named in the literature, represents a small percentage of patients 
affected with lipomas.

6.6.4  Familial Multiple Lipomatosis (FML)

FML is an autosomal dominant disease which can be traced over generations in an 
affected family. Affected individuals have numerous individual lipomas throughout 
the body. Chromosome 12, locus q15, which encodes the high-mobility group pro-
tein isoform I-C, is translocated with the lipoma preferred partner gene on chromo-
some 3. Other translocation partners have been described in chromosomes 1, 2, 4, 
5, 6, 7, 10, 11, 13, 15, 17, 21, and X.

6.6.5  Symmetrical Lipomatosis (SL)

In 1846, the British surgeon, Sir Benjamin Collins Brodie, described an individual 
with the abnormal symmetrical accumulation of adipose tissue in the upper body. 
His patient had nuchal lipomas. In 1888, Madelung, in Germany, and in 1898, 
Launois and Bensaude, in France, each reported patients with upper body SL. Four 
distinct SL phenotypes can now be distinguished based on the predominant distribu-
tion of adipose tissue.

• Type 1 is located primarily in the cervical and upper back region giving a “horse 
collar” appearance. This is associated with alcohol use (Fig. 6.3).

• Type 2 is located on the shoulders, upper arms, and chest causing a “pseudo- 
athletic” look. This is not associated with alcohol use. It may cause lipomastia 
(Fig. 6.4).

• Type 3 is located in the waist and pelvic area and has a “gynecoid” appearance. 
The term “steatopygia” is used to describe this when the accumulation is mostly 
around the buttocks, typically in women of African ancestry (Fig. 6.5).

• Type 4 affects the hands and the soles of the feet.
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Fig. 6.3 Symmetrical lipomatosis, type 1

Fig. 6.4 Symmetrical lipomatosis, type 2
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Fig. 6.5 Symmetrical lipomatosis, type 3

Mitochondrial gene mutations and/or deletions are known to cause many cases of 
SL. Adipose tissue from lipomas in SL is not different in the morphologic appearance 
and the surface marker profile compared to normal adipose tissue. Compared to indi-
vidual lipomas, where the mass is easily circumscribed and identified (Fig. 6.6), in 
SL the lipomas do not bear this characteristic. In SL, the adipose tissue organizes and 
grows to a considerable size. In SL, stem cells from lipomas have marked changes in 
genes associated with proliferation, hormonal regulation, and mitochondria, assessed 
by polymerase chain reaction arrays.

6.6.6  Other Disorders of Regional Fat Distribution

Table 6.2 lists many of the disorders that together represent the spectrum of adipo-
sopathy. Lipohypertrophy refers to a reversible increase in adipose tissue volume 
that develops under the influence of insulin when it is repeatedly injected in the 
same site (Fig. 6.7). This process, by definition, is reversible upon discontinuation 
of the repeated injections at that site. Gynecomastia should be distinguished from 
lipomastia. In gynecomastia, there is a glandular breast tissue that develops, and this 
is in response to a change in the ratio of estrogens to androgens in males. A decrease 
in testosterone and an increase in estrogen, as is seen in obesity, predisposes men to 
develop gynecomastia. Lipomastia, on the other hand, is purely adipose tissue in the 
anatomical area of the breasts. Lipomastia may be due to SL, type 2 (Fig.  6.4). 
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Finally, edema is common in patients with obesity. It may be due to venous insuf-
ficiency of the lower extremities, increased intra-abdominal pressure decreasing 
venous return to the heart, portal hypertension from the development of a cirrhotic 
liver in the setting of progressive steatohepatitis, or heart failure itself. Lipedema 
may occur, and this must be distinguished from pitting edema. Lipedema is the 
accumulation of fat mass around the lower limbs (Fig. 6.8). There are several stages 
of lipedema. Weight loss may not help lipedema that is long standing,  but it does 
help early stages.

Collectively, these distinct disorders represent distinct manifestations of adipo-
sopathy. For individuals with these regional fat distribution syndromes, improving 

Fig. 6.6 Lipomatosis

Fig. 6.7 Lipohypertrophy
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quality of life involves removal of symptomatic adipose tissue deposits. Liposuction 
or excision remains the main treatment. An important parallel goal is to treat the 
underlying overweight or obesity as a chronic disease with the goals to reduce over-
all fat mass, to prevent reaccumulation of abnormal fat deposits, and to return adi-
pose tissue function to normal.

6.7  Conclusion

Adipose tissue becomes diseased as it experiences changes in structure and function 
due to the accumulation of fat mass. Adipose tissue is at the crossroads of metabo-
lism, and adiposopathy contributes to the generation of other metabolic diseases. 
Bariatric endocrinology recognizes that adipose tissue is an endocrine organ and 
makes the treatment of adiposopathy a primary treatment target. Recognized disor-
ders of regional fat distribution need to be addressed in individual patients, so the 
bariatric endocrinologist must be fluent with them.
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Chapter 7
Clinical Definition of Overweight  
and Obesity

W. Timothy Garvey

Pearls of Wisdom
• BMI inter-relates height and weight and is not a direct measure of adipos-

ity. It is useful in screening patients but must be interpreted when used to 
diagnose overweight or obesity in the context of a physical exam that con-
firms increased adipose tissue mass.

• BMI does indicate the degree to which adiposity or the development of 
adiposopathy adversely impact health, as manifest by weight-related 
complications.

• Best practices require a careful evaluation for the presence and severity of 
weight-related complications in all patients presenting with overweight 
and obesity.

• Key weight-related complications can be identified during an initial patient 
evaluation consisting of physical examination, history, clinical laboratory 
testing, and an obesity-focused review of systems.

• In bariatric endocrinology an optimal diagnostic framework incorporates 
an anthropometric measure of increased adiposity (i.e., BMI) together with 
an assessment of the presence and severity of weight-related complications 
(including adiposopathy).
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7.1  Introduction

Body mass index (BMI) is widely used in the screening, diagnosis, and classifica-
tion of overweight and obesity. The World Health Organization (WHO) criteria 
shown in Table  7.1 are widely accepted, with BMI 25–29.9  kg/m2 indicative of 
overweight and BMI ≥ 30  kg/m2 indicative of obesity, designated as class I 
(BMI = 30–34.9 kg/m2), class II (35–39.9 kg/m2), or severe class III (≥40 kg/m2). 
BMI is an anthropometric measurement that inter-relates height and weight (kg/m2) 
and does not provide a direct measure of adipose tissue mass. Furthermore, BMI 
does not indicate the degree to which excess adiposity can lead to adiposopathy, or 
adversely affects the health of individual patients. The risk, presence, and severity 
of multiple weight-related complications vary markedly among patients at any 
given BMI level. It is the presence and severity of complications that indicate 
whether any degree of excess adiposity has caused adiposopathy and is adversely 
affecting the health of individual patients. While the likelihood of weight-related 
complications generally increases as a function of progressive obesity, there can be 
a poor correlation between BMI and the emergence of complications. Patients with 
overweight or obesity need not have weight-related complications and can be free 
of disease- related morbidity and mortality. For these reasons, the diagnostic evalu-
ation of obesity extends beyond BMI and requires a careful clinical assessment for 
weight-related complications. This is consistent with the genetic model for chronic 
disease where the interaction between susceptibility genes and the environment 
produces the disease, and additional and perhaps overlapping subsets of genes inter-
acting with the environment determine the severity of the disease and the emer-
gence and severity of complications.

This chapter will discuss the advantages and limitations of BMI when used in the 
diagnosis of overweight or obesity. While BMI can suffice as a screening tool for 
obesity, the need for clinical interpretation is required in the use of BMI as a mea-

Table 7.1 Classification of overweight and obesity by BMI and waist circumference

Classification

BMI Waist

BMI (kg/
m2) Comorbidity risk

Waist circumference and comorbidity 
risk

Men ≤40 inches
Women ≤35 inches

Men >40 inches
Women >35 
inches

Underweight <18.5 Low but other 
problems

Normal weight 18.5–24.9 Average
Overweight 25–29.9 Increased Increased High
Obesity class I 30–34.9 Moderate High Very high
Obesity class II 35–39.9 Severe Very high Very high
Obesity class 
III

≥40 Very severe Extremely high Extremely high

Adapted from: World Health Organization (WHO) (1998); used with permission
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sure of adiposity for diagnosis of the disease. In addition, the careful clinical assess-
ment of the risk, presence, and severity of weight-related complications will be 
emphasized as an integral component of best practices in obesity management. As 
will be discussed, this assessment can be accomplished with a “new patient” his-
tory, physical examination, and laboratory testing in addition to an obesity-focused 
review of systems (ROS). Thus, the optimal diagnostic framework has two compo-
nents: the assessment of adipose tissue mass and the impact of excess adiposity on 
health as manifest by disease complications. This diagnostic framework is clinically 
actionable since it provides an indication of disease severity and can help guide 
clinical decisions regarding the modality and intensity of therapy.

7.2  The Anthropometric Component of the Diagnosis 
of Obesity

7.2.1  BMI and the Assessment of Adipose Tissue Mass

Adolphe Quetelet first proposed the Quetelet Index, body mass (kg)/height (m2), as 
a measure of obesity in 1859. He was a Belgian astronomer and mathematician who 
developed an interest in quantifying individual variation in human traits and behav-
iors, a discipline he termed “social physics.” In 1972, the Quetelet Index was 
renamed the BMI by Ancel Keys, a polymath, nutritionist, epidemiologist, and 
inventor, after “validating” BMI against skin fold thickness in his Seven Countries 
Study, which established a relationship between serum cholesterol and heart disease 
and the first endorsement of the “Mediterranean Diet.” Other approaches used to 
assess obesity include the Ponderal Index (weight/height3) first proposed by 
Ridolpho Livi in 1898 but popularized by F. Rohrer in 1921 as the Corpulence Index 
and applied to newborns (weight/crown-to-heel-length3). The rationale for the 
Ponderal Index was that a cubic function was more appropriate for an obesity mea-
surement that essentially represents a volume. Another approach is the relative body 
weight using actuarial tables of the Metropolitan Life Insurance Company to assess 
relative weight for a given height after adjusting for a small, medium, or large frame. 
Relative body weight has the disadvantage of not providing an absolute value of 
body mass and uses actuarial standards from 1959 that do not reflect the average 
increments in average body weight that have occurred over the past three decades.

The WHO adopted BMI for the clinical classification of obesity in 1998. The 
WHO promulgated the widespread application of BMI in epidemiology and medi-
cine (Table 7.1). The National Institutes of Health adopted BMI as the measure for 
obesity classification and interventional recommendations soon thereafter, as delin-
eated in Table 7.2. Subsequently, BMI cut-offs have predominated in the diagnosis 
of obesity and in the clinical classification of the severity of obesity. BMI is widely 
employed in epidemiological and physiological scientific investigations, guidelines 
for obesity management advocated by multiple health care organizations, by the 
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FDA in setting indications for weight loss medications, and in the clinical evaluation 
of patients as the basis for the diagnosis of obesity. In children and adolescents, 
obesity is defined as ≥ 95% percentile of BMI, as a function of age and gender, 
using the Centers for Disease Control growth charts.

The use of BMI in screening and diagnosis of obesity has advantages and disad-
vantages. Height and weight are easily measured, and BMI generally correlates 
with adipose tissue mass in population studies. It is useful for the initial screening 
to detect excess body fat, and higher BMI levels are associated with increased risk 
of complications of obesity. There is a large body of evidence correlating higher 
BMI with diabetes, gestational diabetes, and atherosclerotic cardiovascular disease 
(CVD), including stroke and recurrent coronary events in those with coronary artery 
disease. BMI confers increasing risk of coronary artery disease beyond 25 kg/m2 in 
both genders. Mortality generally correlates with increasing BMI above 25 kg/m2. 
The mortality correlation carries varying degrees of consistency among different 
populations and is partly explained by a correlation between BMI and certain types 
of cancer. In the general population and in patients with type 2 diabetes mellitus 
(T2DM), there is a J-shaped curve relating BMI with mortality. In those individuals 
who have never smoked cigarettes, BMI values >30 kg/m2 are consistently associ-
ated with higher mortality. In these individuals, the increased risk of mortality is not 
as clearly defined for the BMI range 25–30 kg/m2. The increases in metabolic dis-
eases and CVD are conferred more directly by other risk factors that may be associ-
ated with obesity. The impact of BMI is diminished when these risk factors are 
accounted for in multivariate analyses.

BMI cut-offs for identifying excess adiposity and risk of metabolic and cardiac 
diseases are lower for some Asian-Pacific populations and should be taken into 
account when screening. Based upon the evidence that lower BMI values are cor-
related with the risk of T2DM, the American Diabetes Association recommends that 
screening for diabetes should be considered for all Asian American adults who pres-
ent with a BMI of ≥23 kg/m2. The body of evidence addressing this issue, including 

Table 7.2 NHLBI obesity treatment guidelines

Treatment

BMI category (kg/m2)

25–26.9 27–29.9
30–
34.9 35–39.9 ≥40

Diet, physical activity, 
and behavior

Appropriate NHLBI 
guidelines

+ + + +

Pharmacotherapy No With 
comorbidities

+ + +

Surgerya No No Noa With 
comorbidities

+

Adopted from: Summary of recommendations in the clinical guidelines on the identification, eval-
uation, and treatment of overweight and obesity in adults. National Institutes of Health/National 
Heart, Lung and Blood Institute; 1998. http://www.nhlbi.nih.gov/guidelines/obesity/ob_gdlns.pdf
No = not indicated, + = clinically indicated for consideration
aUS Food and Drug Administration (FDA)-approved gastric banding surgery for patients with BMI 
of at least 30 kg/m2 and one weight-related medical condition (February 2011)
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meta-analyses performed by the Working Group on Obesity in China, suggests that 
using a BMI cut-off of ≥23 kg/m2 would be the optimal single criterion for screen-
ing all Asian ethnicities.

Regarding the limitations of BMI, it is important to consider that BMI is an 
anthropometric measure that inter-relates the height and weight of individuals. The 
weight measurement used in the calculation incorporates lean mass, fat mass, bone 
mass, and fluid status; all of these body components contribute to weight. Therefore, 
BMI is only an indirect measure for the estimation of total body fat mass. Lean mass 
and body water can vary independently from fat mass, and, for this reason, BMI 
alone cannot identify excess adiposity and establish a diagnosis of overweight or 
obesity in all instances. BMI may have poor inter-individual consistency for esti-
mating body fat percentage and distribution. BMI will overestimate adiposity in 
athletes with high muscle mass and low percent body fat and underestimate  adiposity 
in elderly patients with sarcopenia. The degree of adiposity is also overestimated in 
patients with edema. The imprecision of BMI as a measure of adiposity weakens the 
association of BMI with health risks and impairs its utilization as a risk factor. For 
example, BMI inadequately predicts the risk of metabolic and vascular diseases in 
those with sarcopenic obesity. Waist circumference is a more accurate predictor 
than BMI of the high mortality rates that characterize these patients. Along these 
same lines, low lean mass index predicts mortality in the elderly better than BMI.

The limitations in BMI as a measure of adiposity have important clinical ramifica-
tions. While BMI can be used to screen for the presence of obesity, it cannot by itself 
be used to diagnose overweight or obesity. For diagnosis, the BMI measurement 
must be clinically interpreted based on medical history and physical examination of 
the patient. It will be important to ascertain whether the patient has edema or sarco-
penia, or is an athlete with high muscle mass, or other conditions listed in Table 7.3. 
Clinical judgment must then be used to identify those with a low BMI but with 
excess adiposity, as well as those with high BMI but normal or low percent body fat.

Additional approaches are available that primarily estimate body fat mass as 
shown in Table 7.4. Some methods involve high-cost equipment. Others are more 
feasibly conducted in the research arena, such as magnetic resonance imaging, 
three-dimensional photonic scanning, and total body water dilution techniques. 
Other measures can be applied in patient care venues. There are several commer-
cially available bioelectric impedance plethysmography devices that are inexpen-
sive and which can estimate body fat. Bioelectric impedance analyses are dependent 
on the state of hydration of the patient and become less accurate at high degrees of 
adiposity. Other methods entail more expensive equipment but provide measures 
that are more highly correlated with results using underwater weighting as the “gold 
standard.” These include air displacement plethysmography and dual-energy X-ray 
absorptiometry (DXA). DXA has the advantages of providing measures of bone 
mass and density, lean mass, and fat mass in addition to regional fat distribution 
(i.e., limbs versus trunk). DXA can quantify intra-abdominal fat by subtracting sub-
cutaneous fat estimates from total trunk adipose. Body fat percentage cut-off points 
for obesity have been proposed by the WHO to be 25% and 35% for men and 
women, respectively. One measurement available from a DXA scan is the fat mass 
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Table 7.4 Methods for quantifying adipose tissue mass

Feature measured Advantages Method Limitations

Total body water
Extracellular and 
intracellular fluid spaces

Ease of use
Low cost
Speed (fast)

Bioelectrical impedance 
analysis (BIA)

Population specific
Poor accuracy in 
individuals

Total and regional body 
fat
Total and regional lean 
mass

Ease of use
Low radiation 
exposure
Accurate

Dual-energy X-ray 
absorptiometry (DXA)

Biased for body size, 
sex, and fatness
High equipment cost
Specially trained 
personnel

Total body water
Extracellular fluid

Ease of use
OK for all ages

Dilution techniques Inaccurate in disease
High equipment cost
Labor-intensive 
analysis

Total body volume
Total body fat

Relatively good 
accuracy
Speed (fast)

Air displacement 
plethysmography

Less accurate in 
disease
High equipment cost

Total and regional body 
volume

OK for very obese
Ease of use

3D photonic scanning Limited availability

Total body water
Total body fat

Ease of use
Safety
Speed (fast)

Quantitative magnetic 
resonance imaging

High equipment cost
Limited availability

Total and regional 
adipose tissue
Skeletal muscle

Highly accurate and 
reproducible

Magnetic resonance 
imaging (MRI)

Costly

Table 7.3 Limitations of BMI in the screening and diagnosis of obesity

1. BMI inter-relates height and weight but does not directly measure adiposity
2.  When applied as an index of adiposity, BMI requires interpretation based on individual 

clinical assessment with attention to the following:
  Muscularity
  Volume status – edema and dehydration
  Sarcopenia
  Age
  Gender
  Pregnancy
  Third space fluid accumulation (e.g., ascites)
  Large tumors (e.g., uterine leiomyosarcomas)
  Lipodystrophy
  Loss of muscle mass due to denervation or intrinsic myopathy
3. BMI does not indicate location or distribution of fat
  Intracellular
  Extracellular but within the tissue (e.g., “marbling”)
  Peri-organ (mesenteric, pericardial, and perinephric)
  Subcutaneous versus intra-abdominal
  Adipose tissue depots (omentum and gluteal)
  Brown fat versus white fat
4.  BMI does not indicate the degree to which excess adiposity is adversely affecting the health 

of the patient.
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index, which is calculated as total body fat mass (kg) divided by height (m2). The fat 
mass index is analogous to the BMI but incorporates only fat mass as the weight 
measure instead of total body weight.

7.2.2  Waist Circumference and the Importance of Intra- 
abdominal Fat Mass

Beyond the assessment of BMI, the next consideration is the distribution of body 
fat. Accumulation of excess fat in different fat depots can have significant implica-
tions for disease risk. The accumulation of visceral adipose tissue, which surrounds 
organs in the intra-abdominal compartment, is central to the pathophysiology of 
metabolic and vascular diseases. Central to the disease process is insulin resistance, 
which progresses to dysmetabolic syndrome, prediabetes, and finally to T2DM, 
CVD, or both, in individual patients. Also integral to disease pathogenesis is adipo-
sopathy, with inflammation and dysregulated secretion of adipocytokines in visceral 
adipose tissue, which leads to the development of the dysmetabolic syndrome trait 
complex. On the other hand, a relative distribution of fat to the periphery (i.e., upper 
and lower extremities and hips) generally occurs in the subcutaneous space. 
Subcutaneous adipose tissue accumulation carries a lower risk of metabolic or vas-
cular disease, when adjusting for BMI and age.

Waist circumference estimates visceral adipose tissue and is the simplest anthro-
pometric measurement of abdominal adiposity in clinical settings. Waist circumfer-
ence consistently and strongly predicts components of dysmetabolic syndrome, 
T2DM, CVD risk factors, and CVD events in cross-sectional studies and  prospective 
cohorts. The predictive value of waist circumference for CVD and all-cause mortal-
ity is generally independent of and stronger than BMI and is even evident in lean 
individuals with BMI < 25 kg/m2. As shown in Table 7.1, adding waist circumfer-
ence to BMI more precisely categorizes metabolic and vascular risk in patients with 
overweight or obesity. Waist circumference should be measured when screening for 
obesity and obesity-related comorbidities. This is best done in a private setting 
using a tension-controlled tape measure placed around the waist just above the ante-
rior superior iliac spine, on a plane horizontal to the floor. Threshold values that are 
indicative of increased risk of diabetes and CVD are delineated in Table  7.5, as 
recommended in a joint statement from multiple professional organizations attempt-
ing to harmonize criteria for the dysmetabolic syndrome.

Three salient points are important concerning the interpretation of waist circum-
ference measurements. First, waist circumference cut-off points for predicting met-
abolic and vascular diseases exhibit ethnic variation, including a consistently lower 
threshold in South Asian, Southeast Asian, and East Asian adults. Therefore, 
population- specific cut-off values should be used as established by epidemiological 
studies in regional cohorts (Table 7.5). Second, waist circumference measurements 
are most discriminative of greater chronic disease risk in individuals with 
BMI ≤ 35 kg/m2. When the BMI exceeds 35 kg/m2, most patients will exceed the 
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waist circumference cut-off value, whether or not they have insulin resistance or 
have manifestations of metabolic disease. Finally, it is important to understand that 
risks conferred by waist circumference are continuous despite the use of categorical 
cut-off values. Thus, at any given BMI (above and below a BMI of 35 kg/m2), risks 
of T2DM and CVD increase progressively, with additional increments in waist 
circumference.

The waist circumference encompasses subcutaneous adipose tissue, trunk mus-
culature, and abdominal organs, and, therefore, it represents only an estimation of 
intra-abdominal fat. Intra-abdominal fat can be estimated in the analyses of DXA 
scans by subtracting subcutaneous fat (from fat mass estimates in the lateral flanks) 
from total abdominal fat. Intra-abdominal fat can be quantified by magnetic reso-
nance imaging or transverse CAT scan, although these measures are primarily rel-
egated to research studies.

Table 7.5 Waist circumference thresholds for abdominal obesity

Population Organization Men Women

Europid IDF ≥94 cm
≥37 inches

≥80 cm
≥31 inches

Caucasian WHO ≥94 cm (↑ 
risk)
≥37 inches
≥102 cm (↑↑ 
risk
≥40 inches

≥80 cm (↑ 
risk)
≥31 inches
≥88 cm (↑↑ 
risk)
≥35 inches

United states AHA/NHLBI (ATPIII) ≥102 cm
≥40 inches

≥88 cm
≥35 inches

Canada Health Canada ≥102 cm
≥40 inches

≥88 cm
≥35 inches

European European Cardiovascular 
Societies

≥102 cm
≥40 inches

≥88 cm
≥35 inches

Asian (including Japanese) IDF ≥90 cm
≥35 inches

≥80 cm
≥31 inches

Asian WHO ≥90 cm
≥35 inches

≥80 cm
≥31 inches

Japanese Japanese Obesity Society ≥85 cm
≥33 inches

≥90 cm
≥35 inches

China Cooperative Task Force ≥85 cm
≥33 inches

≥80 cm
≥31 inches

Middle East, Mediterranean IDF ≥94 cm
≥37 inches

≥80 cm
≥31 inches

Sub-Saharan African IDF ≥94 cm
≥37 inches

≥80 cm
≥31 inches

Ethnic Central and South 
American

IDF ≥90 cm
≥35 inches

≥80 cm
≥31 inches

Adapted from: Alberti et al. (2009)
IDF International Diabetes Federation, WHO World Health Organization, AHA American Heart 
Association, NHLBI National Heart, Lung, and Blood Institute, ATPIII Adult Treatment Panel III
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It is unclear whether waist circumference or waist-to-height ratio (WHtR) is a 
better predictor of T2DM and CVD risks. However, WHtR has better discriminatory 
power for CVD risk variables than BMI. A WHtR cut-off value of 0.5 is optimal for 
identifying those with a higher CVD risk across different genders and ethnicities.

7.3  The Clinical Component of the Diagnosis of Obesity

7.3.1  Relationship Between BMI and Weight-Related 
Complications

As an anthropometric measurement, BMI alone does not indicate the impact of adi-
posity on the health of individual patients. Since BMI alone is not a sufficient indica-
tor of health status in overweight and obesity, all patients should be clinically 
evaluated for weight-related complications. While the likelihood of weight-related 
complications generally increases as a function of progressive obesity, there can be 
a poor correlation between BMI and the emergence of complications. Patients with 
overweight or obesity need not have weight-related complications and be free of 
disease-related morbidity and mortality. The variable associations between BMI and 
weight-related complications are exemplified below for several key complications 
that can adversely affect the health of patients with overweight or obesity. While it is 
clear that elevated BMI per se does not ensure that specific complications are pres-
ent, the important consideration is that weight loss will ameliorate or prevent many 
weight- related complications, thus justifying a careful evaluation for their presence.

7.3.1.1  Diabetes Risk, Dysmetabolic Syndrome, and Prediabetes

Obesity is a major risk factor for the development of dysmetabolic syndrome and 
prediabetes (impaired fasting glucose (IFG) or impaired glucose tolerance (IGT)). 
Obesity is also a risk for progression to overt T2DM and CVD. However, many 
individuals with metabolic disease with progression to T2DM and/or CVD are lean. 
In addition, a significant proportion of individuals with obesity are insulin sensitive, 
do not exhibit dysmetabolic syndrome traits, and have been referred to as “meta-
bolically healthy obese.” While obesity can exacerbate insulin resistance, insulin 
sensitivity largely varies independent of BMI, and the risks of T2DM and CVD are 
largely conferred by the presence of metabolic traits associated with adiposopathy 
and insulin resistance (e.g., increased waist circumference, high triglycerides, low 
HDL-c, elevated blood pressure, and abnormal glucose tolerance) rather than BMI 
per se. Therefore, overweight or obesity as assessed by BMI are neither sufficient 
nor necessary as a pathogenic factor in the development of adiposopathy, insulin 
resistance, dysmetabolic syndrome, and prediabetes.

It is for this reason that the cardiometabolic risk staging was developed as a 
quantitative clinical tool that stratifies risks for T2DM and CVD in patients with 

7 Clinical Definition of Overweight and Obesity



130

overweight and obesity. CMDS assigns patients to one of five risk categories using 
parameters readily available to the clinician, including waist circumference, systolic 
and diastolic blood pressures, fasting blood glucose, triglycerides, and HDL-C, as 
well as the 2-h oral glucose tolerance test (OGTT) glucose value. As shown in 
Fig. 7.1, with advancement from stage 0 to stage 4, there are significant increments 
in risk and adjusted hazard ratios for diabetes. This is validated by using the 
Coronary Artery Risk Development in Young Adults (CARDIA) study national 
cohort. There is also an increased risk and hazard ratios for both all-cause and CVD- 
related mortality in the National Health and Nutrition Examination Survey 
(NHANES) cohort. The CMDS staging system is a strong predictor of risk for dia-
betes, CVD, and all-cause mortality independent of BMI.

More recently, a weighted CMDS system was developed that assigns different 
weights in the form of integer values to the various risk factors based on their rela-
tive contribution to T2DM risk. The range of the sum of integer values for all risk 
factors was set at 0–100 providing an overall score that was validated to be 

Stage Criteria Specifications
0 No risk factors Metabolically healthy obese
1 1 or 2 risk factors Waist, blood pressure, triglycerides, HDL -c

2
Metabolic syndrome OR
prediabetes

Only one of the following: metabolic syndrome
or IFG or IGT

3
Metabolic syndrome plus
prediabetes

Two or more of the following: metabolic
syndrome, IFG, IGT

4 T2DM and/or CVD End stage cardiometabolic disease
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Fig. 7.1 Cardiometabolic disease staging with validation using data from the National CARDIA 
Study Cohort. (Adapted from: Guo et al. 2014; used with permission)
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 proportional to the risk of future diabetes. The relative contribution of various traits 
to diabetes risk varied as a function of gender and race allowing for greater preci-
sion of risk quantification in individual patients. This risk engine provides the clini-
cian with the ability to target more aggressive weight loss therapy to those patients 
at the greatest risk of future T2DM and CVD.

7.3.1.2  T2DM

The proportion of adults who had normal weight at the time of incident diabetes 
ranged from 9% to 21% (overall 12%) across a substantial number of large cohort 
studies (ARIC, CARDIA, CHS, Framingham, and MESA). In the Behavior Risk 
Factor Surveillance System, the prevalence of diabetes is 4.1% in individuals with 
normal weight, 7.3% in individuals with overweight, 14.9% in class 2 obesity, and 
25.6% in class 3 obesity. Thus, the clear majority of individuals with obesity do not 
have diabetes. While BMI is a strong risk factor for T2DM, the data indicate that 
BMI is a poor indicator of the presence or absence of diabetes.

7.3.1.3  Hypertension

In the serial NHANES III cross-sectional surveys from 1988 to 1994, there is a 
strong association between elevated BMI and hypertension. Hypertension is present 
in 23% of patients with a normal weight, 34–39% in patients with overweight, 
48–49% in patients with class 1 obesity, 55–65% in patients with class 2 obesity, 
and 63–64% in patients with class 3 obesity. Thus, not all patients with overweight 
or obesity have hypertension. Hypertension has other risk factors independent of 
obesity, including age, ethnicity/race, sedentary lifestyle, cigarette smoking, high 
sodium intake, heavy alcohol use, stress, family history, insulin resistance, dysmeta-
bolic syndrome, and genetic factors.

7.3.1.4  CVD Events and CVD Mortality

BMI is associated with an increased risk of CVD events, principally through its 
association with other risk factors. The independent risk of CVD events conferred 
by BMI is negated or minimized in multivariate analyses.

7.3.1.5  Nonalcoholic Fatty Liver Disease/Nonalcoholic Steatohepatitis

Seventy percent of patients with obesity have nonalcoholic fatty liver disease 
(NAFLD), whereas 30% do not. Only 15–20% of patients with obesity have nonal-
coholic steatohepatitis (NASH). While the factors that predict which patients with 
NAFLD will progress to NASH and cirrhosis have not been elucidated, factors other 
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than generalized obesity, such as insulin resistance and the dysmetabolic syndrome, 
appear to predominate as major contributors to NAFLD and NASH.

7.3.1.6  Female Infertility and Polycystic Ovary Syndrome (PCOS)

The prevalence rates of PCOS in women who have normal weight, overweight, or 
class 1 obesity were 9.8%, 9.9%, and 9.0%, respectively, with rates rising to 12.4% 
when the BMI is >35 kg/m2. Thus, the majority of women who have overweight or 
obesity do not experience infertility or PCOS, and these problems also afflict women 
with a normal weight. Central adiposity and dysmetabolic syndrome are risk factors 
associated with PCOS independent of BMI.

7.3.1.7  Obstructive Sleep Apnea (OSA)

OSA affects ~70% of patients with obesity, and prevalence rates rise progressively 
as the BMI exceeds 29 kg/m2.  Clearly, not all patients with obesity have OSA. 
Insulin resistance, abdominal obesity, enlarged neck circumference, and T2DM are 
also risk factors for OSA.

7.3.1.8  Osteoarthritis

Increasing BMI is associated with progressive increments in the odds ratio for 
osteoarthritis of the knee in patients with severe obesity when compared with 
normal- weight individuals. However, osteoarthritis can afflict both individuals who 
are lean or who have obesity, and not all patients with overweight or obesity have 
osteoarthritis. Other independent risk factors for osteoarthritis include age, work 
history, knee trauma, participation in certain sports, and adiposopathy with elevated 
adipocytokines.

7.3.1.9  Urinary Stress Incontinence

BMI increases risk for stress urinary incontinence, although the majority of women 
who have overweight or obesity do not experience incontinence, and this disorder 
affects individuals with normal weight as well. Other factors in addition to BMI con-
stitute independent risk factors for urinary incontinence, including age, waist circum-
ference, parity, previous hysterectomy, dysmetabolic syndrome, and depression.

7.3.1.10  Gastroesophageal Reflux Disease

While there is an association with elevated BMI, GERD is common in both indi-
viduals who are lean and those with obesity. Odds ratios attributable to obesity are 
somewhat modest in the range of 1.22–2.8. The pathophysiology involves abnormal 
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functioning of the lower esophageal sphincter, and other risk factors include posi-
tive family history, cigarette smoking, hiatal hernia, delayed gastric emptying, 
Helicobacter pylori infection, and alcohol consumption.

In summary, it is clear that the presence of overweight or obesity by BMI is not 
a good predictor of any weight-related complications. Best practices for obesity 
management will always  necessitate a careful evaluation for the presence or absence 
of adiposopathy and weight-related complications.

7.3.2  Clinical Evaluation of Patients for Weight-Related 
Complications

The identification of weight-related complications and the staging of the severity 
of these complications are important for two reasons in patients with overweight or 
obesity. First, the presence and severity of weight-related complications will indi-
cate the need for more aggressive therapy to improve the health of individual 
patients. Second, since these complications can be improved, or reversed by weight 
loss therapy, the evaluation will establish therapeutic targets for weight loss and the 
integration of these goals as desired outcomes into the therapeutic plan. For exam-
ple, if a patient is diagnosed to have the dysmetabolic syndrome or prediabetes and 
the goal of therapy is to prevent progression to T2DM, then 10% body weight loss 
is a rational goal, since this represents a threshold for maximal diabetes prevention. 
Similarly, weight loss of 10% or greater is required to predictably decrease the 
apnea–hypopnea index in patients with OSA. On the other hand, if the patient has 
T2DM and the goal of weight loss is to improve glycemia, dyslipidemia, and 
hypertension, there does not appear to be a threshold of weight loss for maximal 
clinical benefit. For example, the Look AHEAD study demonstrated that reduc-
tions in HbA1c, blood pressure, and triglycerides and increments in HDL-c were 
progressive as weight loss increased from 5% to >15% body weight in patients 
with T2DM.

From this perspective, the goals of weight loss therapy are to improve the health 
of patients with overweight or obesity by treating and preventing weight-related 
complications. This is consistent with the “complications-centric” approach to 
obesity management as advocated by the American Association of Clinical 
Endocrinologists (AACE). In these guidelines, it is not so much the baseline BMI 
that is important in establishing the indications for the modality and aggressive-
ness of weight loss therapy but the presence and severity of weight-related com-
plications, as illustrated by the algorithm in Fig. 7.2. This is a medical model for 
obesity care wherein weight loss therapy is employed to treat or prevent weight-
related complications as the endpoint of therapy. This stands in contrast to a 
“BMI-centric” approach, such as advocated by the National Heart, Lung and 
Blood Institute (NHLBI) (Table 7.2), where the baseline BMI largely sets the indi-
cations for utilization of treatment modalities and where a set decrease in weight 
or BMI is the endpoint of therapy.
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The identification of complications does not involve an extensive or extraordi-
nary degree of testing but can be ascertained in the course of an initial patient evalu-
ation consisting of medical history, review of systems (ROS), physical examination, 
and laboratory studies. In the initial evaluation, the clinician will need to pay par-
ticular attention to the relevant aspects of the history and examination and conduct 
an obesity-focused ROS assessing potential symptomatology of weight-related 
complications. Clinical data that are important to obtain in the initial evaluation are 
listed in Table 7.6 for the physical examination, ROS, and clinical laboratory test-
ing. These data can be used to identify the key complications that can be treated or 
prevented by weight loss. In many cases, the information gathered in the initial 
examination is sufficient for the diagnosis of certain weight-related complications. 
For other complications, the initial information augments the degree of suspicion, 
and additional testing consistent with standards of care is then necessary to confirm 
the diagnosis and for staging the severity of the complication. Depending on the 
expertise of the clinician, referral may be indicated for further evaluation and treat-
ment of specific complications. The complications that can be prevented or treated 
by weight loss therapy are listed in Table 7.7 together with the basis for screening 
or diagnosis using clinical data obtained at the initial patient evaluation and the 
follow-up tests that are potentially helpful in confirming certain diagnoses and stag-
ing their severity.

COMPLICATIONS-CENTRIC MODEL FOR CARE
OF THE OVERWEIGHT/OBESE PATIENT

EVALUATION FOR COMPLICATION AND STAGING

NO COMPLICATIONS

BMI ≥25 BMI ≥ 27: Stage Severity of Complications

MILD TO MODERATE

Therapeutic targets for
improvement in complications

Treatment
modality

Treatment intensity based
on staging

Physician/RD counseling, web/remote program, structured multidisciplinary program

If therapeutic targets for complications not met, intensify lifestyle, medical, and/or surgical treatment
modalities for greater weight loss.

COPYRIGHT ©2016 AACE MAY NOT BE REPRODUCED IN ANY FORM WITHOUT EXPRESS WRITTEN PERMISSION FROM AACE.

Phentermine, orlistat, lorcaserin, phentermine/topiramate ER,
naltrexone/bupropion, liraglutide 3 mg

Surgical Therapy (BMI ≥ 35); Gastric banding, sleeve, or bypass

SEVERE

BMI 25–26.9

STEP 1

STEP 2 SELECT:

Lifestyle Therapy:

Medical Therapy
(BMI ≥ 27):

STEP 3

COMPLICATIONS

CARDIOMETABOLIC DISEASE BIO MECHANICAL COMPLICATION|

Fig. 7.2 AACE algorithm for obesity management. (Reprinted with permission from American 
Association of Clinical Endocrinologists © 2018. Endocr Pract. 2018;24:90–120)
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Table 7.6 Key clinical data to be obtained at the initial evaluation of patients with overweight or 
obesity

Initial 
evaluation System Findings Relevant complicationa

Physical 
examination

Anthropometrics Weight, BMI, waist 
circumference

Anthropometric component 
of the diagnosis of obesity,
Dysmetabolic syndrome 
(waist)

Neck circumference Obstructive sleep apnea
Vital signs Blood pressure Hypertension,

Dysmetabolic syndrome
General Mobility and physical ability Disability secondary to 

excess weight
Skin Acanthosis nigricans Insulin resistance

Hirsutism Polycystic ovary syndrome
Pulmonary Wheezing, prolonged expiratory 

phase
Asthma

Extremities Edema Interpretation of BMI,
Edema-forming state

Joints Swelling, tenderness, crepitance, 
decreased range of motion

Osteoarthritis

Liver Enlarged, firm Nonalcoholic fatty liver 
disease

Muscle Increased muscularity Interpretation of BMI
Weakness Sarcopenia

Endocrine Thyroid, findings consistent with 
hypo/hyperthyroidism

Hypo/hyperthyroidism

Stigmata of hypercortisolism Cushing’s disease
Medication 
history

Medications predisposing to 
weight gain

Iatrogenic obesity

Review of 
systems 
(obesity 
focused)

Metabolic Symptoms of hyperglycemia Diabetes
Cardiovascular For example, chest pain, syncope, 

palpitations, orthopnea, dyspnea, 
transient ischemic attacks, stoke 
history/symptoms, claudication

Cardiovascular disease

Menstruation Menstrual history, fertility Polycystic ovary disease
Pulmonary Shortness of breath, wheezing, 

allergy
Asthma

Snoring, daytime fatigue, restless 
sleep

Obstructive sleep apnea

Gastrointestinal Heartburn, indigestion GERD
Urinary Leaking, wetting, stress versus 

urge symptoms
Urinary incontinence

Skeletal Joint pain, limited functionality, 
and range of motion

Osteoarthritis

Functional 
capacity

Activities of daily living, 
weakness

Disability,
Sarcopenia

Psychological 
complications/
disease

Depression, binge eating, 
stigmatization

Depression,
Binge eating syndrome

(continued)
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In this context, an “Advanced Framework for a New Diagnosis of Obesity” 
emerged from multidisciplinary discussions at the AACE/ACE Consensus 
Conference on Obesity held in Washington, DC, in March 2014. The consensus was 
that the diagnosis of obesity based solely on BMI was not medically meaningful or 
actionable and that this represented an impediment to concerted action to fight obe-
sity among health care professionals, regulators, payers, and employers. BMI may 
not reflect the impact of weight gain on the health or well-being of the individual, 
and its significance varies as a function of different ethnicities and body types. An 
improved medically relevant diagnosis would consist of the continued use of BMI 
(together with other anthropometrics such as waist circumference) and an assess-
ment of the presence and severity of obesity-related complications. Furthermore, 
strategy regarding prevention and treatment of obesity should conform to the three 
classic phases of chronic disease prevention: primary, to prevent the disease in the 
first place; secondary prevention, once the disease has appeared but before the 
emergence of complications; and tertiary prevention, after complications develop. 
Therefore, the new obesity diagnostic algorithm (Table 7.8) incorporates two com-
ponents: (1) an assessment of body mass, including validated ethnicity-adjusted 
anthropometrics to identify individuals with increased adipose tissue placing them 
at risk and (2) the presence and severity of weight-related complications as shown 
in Table 7.8. The approach emphasizes risk stratification and complications staging 
in order to target more aggressive interventions to those patients who will most 
benefit from weight loss therapy. Each complication is evaluated for severity and 
impact on the patient’s health using complication-specific criteria: stage 0 (no com-
plication is present), stage 1 (complication is mild to moderate), or stage 2 (compli-
cation is severe).

Table 7.6 (continued)

Initial 
evaluation System Findings Relevant complicationa

Clinical 
laboratory

Fasting glucose, 
HbA1c, 2-h 
OGTT glucose

Prediabetes: Fasting 100–125 mg/
dl (IFG); 2-h 140–199 mg/dl 
(IGT); HbA1c 5.7–6.4%

Prediabetes,
Dysmetabolic syndrome 
(IFG),
Diabetes

Total cholesterol, 
triglycerides, 
HDL-c, LDL-c, 
non-HDL-c

Triglycerides ≥ 150 mg/dl; 
HDL-c < 40 mg/dl men, <50 
women; LDL-c ≥100 mg/dl; 
non-HDL-c ≥ 130 mg/dl

Dyslipidemia,
Dysmetabolic syndrome 
(HDL-c and triglycerides),
LDL-c target for CVD risk 
reduction

Transaminases 
(AST, ALT), liver 
function tests

Transaminase levels above 
normal

Nonalcoholic fatty liver 
disease

Notes: The table illustrates key aspects in the evaluation but should not be considered all inclusive
aThe diagnosis of each “Relevant Complication” may be complete based on findings in the initial 
evaluation, while other potential complications will be suspected and will require further testing 
for diagnosis or staging (see Table 7.7)
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Table 7.7 Screening and diagnoses of weight-related complications in patients with overweight/
obesity

Weight-related 
complication

Basis for screening 
and/or diagnosis

Secondary testing when needed to confirm diagnosis, 
stage severity, or guide therapy

Prediabetes Fasting glucose, 
HbA1c

If fasting glucose is 100–125 mg/dl, a repeat elevated 
fasting glucose completes diagnosis of IFG; however, 
2-h OGTT glucose should also be performed to 
exclude diabetes and IGT. Fasting and 2-h OGTT 
glucose should be performed if initial fasting glucose 
is normal and HbA1c is elevated, or in high-risk 
patients based on family history or dysmetabolic 
syndrome

Dysmetabolic 
syndrome

Waist circumference, 
blood pressure, 
fasting glucose, 
triglycerides, HDL-c

Initial evaluation completes diagnosis

Type 2 diabetes Fasting glucose, 
HbA1c, ROS

Overtly elevated (i.e., ≥200 mg/dl) or a repeat fasting 
glucose ≥126 mg/dl completes diagnosis. If fasting 
glucose and/or HbA1c is consistent with prediabetes, 
2-h OGTT should be performed to test for diabetes. 
HbA1c should be performed to help guide therapy

Hypertension Blood pressure Repeat elevated blood pressure measurements 
complete diagnosis; home blood pressure or 
ambulatory blood pressure monitoring may help 
complete testing

Dyslipidemia Lipid panel (total 
cholesterol, HDL-c, 
triglycerides, 
LDL-c, non-HDL-c)

Lipid panel completes diagnosis; lipoprotein 
subclasses, apoB-100 may further define risk

NAFLD/NASH Physical exam, LFTs Imaging (e.g., ultrasound, MRI, elastography) and/or 
liver biopsy needed to complete diagnosis

PCOS Physical exam, ROS Hormonal testing (e.g., androgen levels LH/FSH) 
needed to complete diagnosis

Obstructive sleep 
apnea

Physical exam, neck 
circumference, ROS

Polysomnography needed to complete diagnosis

Osteoarthritis Physical exam, ROS Radiographic imaging may be needed to complete 
diagnosis

Urinary stress 
incontinence

Physical exam, ROS Urine culture and urodynamic testing may be needed 
to complete diagnosis

GERD Physical exam, ROS Endoscopy and esophageal motility study may be 
needed to complete diagnosis

Disability Physical exam, ROS Functional testing may be helpful
Asthma/
respiratory 
disease

Physical exam, ROS Chest X-ray and respirometry studies may be needed 
to complete diagnosis

Depression/
stigmatization

Physical exam, ROS Psychological testing and evaluation may be needed 
to complete diagnosis

(continued)
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Interventions for primary prevention might include public education or modifica-
tions in the built environment to prevent overweight or obesity. Secondary preven-
tion strategies are designed to prevent further weight gain and/or promote weight 
loss in patients with overweight or obesity and to prevent the emergence of compli-
cations. Once complications develop, it is evident that the excess adiposity is 
adversely affecting the health of the patient, and a more intensive approach to man-
agement is indicated. Tertiary prevention/treatment is then required to treat the com-
plications by achieving sufficient weight loss to ameliorate them. Thus, the 
diagnostic framework that combines a measure of adiposity and an assessment of 
the presence and severity of weight-related complications is actionable. This diag-
nostic framework indicates disease severity and aids in therapeutic decisions. It 
renders a diagnosis that dictates what to treat and why.

Table 7.7 (continued)

Weight-related 
complication

Basis for screening 
and/or diagnosis

Secondary testing when needed to confirm diagnosis, 
stage severity, or guide therapy

Obesity 
secondary to 
hormonal 
disorder

Physical exam, ROS TSH for suspected hypothyroidism; serum/urine 
cortisol for hypercortisolism, if clinical findings or 
symptoms are present

Iatrogenic obesity 
(e.g., secondary 
to medications)

Review current 
medications and 
medication history

Follow-up following withdrawal of offending 
medication and/or substitution with a weight-neutral 
alternative may be needed to complete diagnosis

Genetic 
syndrome

Physical exam, ROS, 
family history

If clinical findings are suggestive, genetic testing of 
the patient and perhaps family members may be 
needed to complete diagnosis

Table 7.8 Two-component diagnostic framework for overweight/obesity consistent with the 
phases of chronic disease prevention

Diagnosis
Anthropometric 
component Clinical componenta

Phases of 
prevention/
treatment

Normal BMI < 25 kg/m2 Primary
Overweight 
stage 0

BMI 25–29.9 kg/m2 No obesity-related complications Secondary

Obesity stage 0 BMI ≥ 30 kg/m2 No obesity-related complications
Obesity stage 1 BMI ≥ 25 kg/m2 Presence of one or more mild-to- 

moderate obesity-related 
complications

Tertiary

Obesity stage 2 BMI ≥ 25 kg/m2 Presence of one or more severe 
obesity-related complications

Adapted from Garvey et al. (2014a)
aStaging of complications as mild-to-moderate (Stage 1) or severe (Stage 2) is based on 
complication- specific criteria
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7.4  Conclusion

The diagnosis of overweight or obesity based solely on BMI is insufficient for two 
major reasons. First, overweight and obesity represent a continuum of excess 
 adiposity, and BMI is not a direct measure of adipose tissue mass. Thus, while BMI 
can be used as a parameter for screening, an evaluation is necessary to interpret the 
BMI measurement for diagnostic purposes and assure that elevated values reflect fat 
mass and not excess muscularity, edema, pregnancy, large tumors, third-space fluid 
collection, etc. Furthermore, BMI does not indicate distribution of fat in different 
adipose tissue depots. On the other hand, waist circumference is useful in identify-
ing relative accumulation in the intra- abdominal depot, which is an element of 
 adiposopathy, and is central to the development of metabolic and vascular compli-
cations. Second, BMI does not indicate the degree to which adiposity adversely 
impacts health since the presence and severity of adiposopathy and weight-related 
complications varies tremendously among individual patients at any given BMI 
value. In bariatric endocrinology, best practices require a careful evaluation for the 
presence and severity of weight-related complications (including adiposopathy) in 
all patients presenting with overweight and obesity. Key weight- related complica-
tions can be identified during an initial patient evaluation consisting of history, an 
obesity-focused review of systems, physical examination, and clinical laboratory 
testing. An optimal diagnostic framework incorporates an anthropometric measure 
of increased adiposity (i.e., BMI) together with an assessment of the presence and 
severity of weight-related complications, which provides both an indication of 
 disease severity and the intensity of weight loss therapy required to improve health.
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Chapter 8
Evaluation and Management of the Patient 
with Obesity or Overweight

Israel Hartman

Pearls of Wisdom
• Overweight and obesity should be treated with the same model of chronic 

disease management used for other endocrine and metabolic diseases.
• The treatment of overweight and obesity must address the social and medi-

cal stigmas. Patients with overweight and obesity require special accom-
modations within the clinic that are essential to success.

• The desired goal is not merely weight loss but a return of normal metabo-
lism and adipocyte function.

• Realistic goals specific to each patient will better ensure success and deter 
relapse.

I. Hartman, MD FACE 
University of Texas Southwestern Medical School, Department of Endocrinology,  
Dallas, TX, USA
e-mail: drhartman@israelhartmanmd.com

8.1  Introduction

An effective bariatric endocrinology practice is designed to address the unique 
neuro-endocrinological considerations of its patients in addition to practical and 
structural needs required to best facilitate their treatment and ensure the financial 
success of the clinic itself. The ideal clinic requires the right infrastructure and prop-
erly trained staff. An individual encounter should be tailored to mainstream the care 
of patients with obesity or overweight. The encounter itself necessitates its own 
nuanced approach with a special focus being given to the patient’s medical and phar-
macological history, and regular risk re-stratification, including laboratory testing.
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Much like the treatment of diabetes and other endocrine diseases, behavior mod-
ification is an essential component not only in the treatment of patients with obesity 
but also in gauging the success of the course of treatment. A bariatric clinic should 
offer nutritional and physical activity education for the patient and family and 
develop realistic, goal-based plans.

It is important to recognize that, as with other chronic endocrine conditions, 
regular follow-up appointments are essential to assure adherence with the plan of 
treatment and for ultimate success in the management of the patient with obesity or 
overweight. Several studies have demonstrated that after initial evaluation, patients 
with obesity or overweight that were asked to follow-up every month with a dedi-
cated nurse, in order to be weighed and discuss treatment, yielded higher rates of 
success and adherence to the regimen. Developing long-term strategies for treat-
ment with regular re-evaluation and re-stratification will break from historically 
short- sighted approaches treating overweight, obesity, and adiposopathy.

8.2  Infrastructure: Clinic, Equipment, and Staff Training

In a study of patients with a body mass index (BMI) greater than 55 kg/m2, 68% of 
those surveyed reported delay in seeking professional treatment to manage their 
obesity. The reasons for this delay included past instances of disrespectful treat-
ment, feelings of embarrassment, or inadequate accommodations. An adequate 
clinic setting in order to promote success in the treatment of obesity or overweight 
is of paramount importance. A welcoming, sensitive, front desk and nursing staff is 
integral to maintaining a positive atmosphere. Since many patients with obesity or 
overweight experience psychological issues often exacerbated by the social stigma 
surrounding obesity, it is important that all staff members are trained to use “patient- 
first” language.

In a clinic-based study, 53% of the patients reported inappropriate comments 
from their doctors about their weight, and doctors were the second most common 
source of stigma (69%), following family (72%). Stigma and bias refer to negative 
attitudes that affect our interpersonal interactions and activities in a detrimental 
way. Stigma may come in several forms, including verbal types of bias (ridicule, 
teasing, insults, stereotypes, and derogatory names), physical stigma (touching, 
grabbing, or other aggressive behavior), or other barriers and obstacles due to 
weight such as medical equipment that is too small or unsafe for patients with 
obesity or overweight. It is necessary to make patients comfortable as a prelimi-
nary step to proper treatment. Strategies should be implemented in the clinical 
setting in order to reduce weight stigma and improve attitudes within the clinical 
setting.

The concept of obesity as an illness extends into how the terms “overweight” and 
“obesity” are used in the clinical setting. These terms should not be used as adjec-
tives and instead referred to only as medical conditions that the patients are being 
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treated for. Thus, “obese patient” would be replaced with “patient with obesity.” The 
staff should be conscious not to suggest any judgment in their language, gestures, 
even when the patient is not present, as these may be perceived as disrespectful of 
the patient’s condition. These initial interactions are an important component of the 
patient encounter and can help shape it in a positive manner. The same sensitivity 
applies to the nursing staff’s training in the morphometric assessment of patients, as 
the habitus of patients with obesity or overweight might present certain difficulties 
during examination. This will ensure not only consistent measurements but also the 
comfort of the patient. Staff should be well trained to measure a blood pressure cuff, 
how to obtain a proper height measurement for the calculation of the BMI, and how 
to adequately measure waist and hip circumferences.

Due to the size and weight of patients with obesity or overweight, a bariatric 
endocrinology clinic will need to offer an accommodating workspace ideally suited 
for the needs of both patient and staff. Wide door frames, hallways, and examination 
rooms will accommodate severe corpulence and steel-reinforced furniture designed 
to handle large weights is ideal for waiting and examination rooms. Building entry 
points need to be designed with comfortable ramps featuring handrails. Doors for 
examination rooms are recommended to be 3  feet 6 inches wide and the recom-
mended opening size for patient rooms and procedure areas is 4 feet. Paired doors 
or sliding doors can be used as an alternative. Ample sized, weight-tested wheel-
chairs should be available to transport patients by the front door. In areas where 
oversize wheelchairs are to be used, a 72-inch turning radius is recommended, in 
lieu of the 60-inch radius generally required by the American with Disabilities Act 
(ADA). In general, it is recommended that 10–20% of general seating in the waiting 
areas should be specified in bariatric sizes, due to the fact that patients with obesity 
often times will be accompanied by family members who will require similar types 
of accommodations.

Bathroom doors and facilities should be equally accommodating to the patient 
with overweight or obesity. Vitreous China toilets have a maximum capacity of 
about 300 pounds. The most common solution on the market today is floor-mounted 
stainless steel toilets. Both toilets and sinks should be floor mounted, and the center 
line for toilets should be 24 inches versus 18 inches on the center line for a standard 
toilet. Bathrooms should also be equipped with weight-tested bars or handles on the 
walls to assist patients and reduce the risk of injury.

A large-sized platform scale (able to accommodate up to 800 pounds) is neces-
sary, as the standard models are unable to handle the weight of many patients. 
Hydraulic examination tables will also assist patients who have limited mobility as 
a result of their excess mass, rising from normal sitting level to a height ideal for the 
examiner. Many other items of standard clinical equipment are not able to accom-
modate patients with severe obesity. A dedicated bariatric clinic should have exami-
nation gowns, blood pressure cuffs, and measuring tapes in extra-large sizes. These 
fittings along with a thoroughly trained staff will ensure an atmosphere conducive 
to a comfortable patient encounter. Since many of those with obesity or overweight 
qualify as having a disability under the ADA, it is important to review the other 
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recommendations outlined in its guidelines. The ADA guide is available from the 
US Department of Justice.

Contingency plans for emergencies should be in place and well rehearsed. An 
often-unrecognized need when treating patients with severe obesity is the safety of 
the health-care professionals who care for them. The National Safety Council 
reports that the health-care worker is 41% more likely than the average worker to 
need time off because of serious occupational injuries. An estimated 12% of nurses 
annually leave their profession due to back injuries. Thus, proper training of the 
health-care workers on how to prevent this type of injuries when assisting patients 
around the clinic is essential. OSHA injury prevention guidelines should be reviewed 
for this purpose. Training in how to physically assist patients with overweight or 
obesity (such as boosting and lifting) will help prevent any serious injuries to the 
staff while avoiding discomfort for the patient. In the instance of a medical emer-
gency, an alarm system should be used to notify staff so that multiple staff members 
can be on hand to assist any patient with excess body weight. Incorporation of this 
training into evacuation procedures is also important. Staff should be familiar with 
the necessary procedures to lift a patient weighing over 400 pounds onto a gurney, 
if needed during an evacuation or medical emergency.

These accommodations are recommended for an ideal clinic that treats patients 
with obesity or overweight. While financial or structural considerations might limit 
a clinic’s ability to follow all of these recommendations, the patient’s safety and 
comfort should be the priority.

8.3  Team Approach to Obesity

Continuing to use the treatment model of chronic endocrine diseases, the team 
approach is integral to effective long-term lifestyle modification. Access to a variety 
of educational materials will greatly benefit patients and meet individual needs. 
Printed and electronic educational materials can greatly enhance patient education 
in the clinic. Web-based materials can provide patients access to ongoing education 
between visits. Providing these materials will also aid in recruiting and engaging 
relatives in the treatment plan. Both at home and at work, the involvement of indi-
viduals to support patient behavior change is desirable. Support from others ensures 
that patients adhere to treatment plans. Other tools such as pedometers or web/
mobile applications can allow the patient or family members to track progress on a 
regular basis. Interactive tools can also provide motivational support to the patient. 
Monitoring, logging, and objectively measuring progress help achieve short-term, 
specific goals. In order to achieve long-term goals, it is essential to establish short- 
term objectives, as not to disenfranchise the patient. Setting goals for activity or 
weight loss will help the patient adhere to the long-term treatment plan.
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Access to a specially designed health-care team is also essential. An ideally 
staffed clinic might include both well-trained front desk and nursing staff but also 
nutritionists/dieticians, mental health professionals, behavior counselors, physical 
therapists, rehabilitation consultants, and sleep and pain specialists. This will allow 
the clinic to address the multifaceted needs of each patient. A team approach is ideal 
to effectively treat and manage the many complications caused by obesity or over-
weight, which, when present, can prevent attainment of treatment goals. Many 
third-party providers do not cover dietician or nutritionist visits unless bundled with 
that of a physician. Thus, the team-based model of a bariatric clinic is also ideal for 
financial success. Providing access to other specialists such as bariatric surgeons 
and cardiologists in a multispecialty practice helps to meet the overhead of the team.

Group meetings for patients have also been shown to be beneficial. These group 
meetings can be held in the clinic. Alternatively, patients can be referred to com-
mercial weight loss programs, which have been shown to be successful in conjunc-
tion with lifestyle modifications overseen by a medical professional. Commercial 
weight loss programs can be an alternative for endocrinology clinics with staff or 
financial limitations, where an in-clinic dietician or other specialist is not feasible. 
Support groups and group classes have been shown to help engage patients and 
inspire adherence and dedication to the treatment plan. In-office classes, referral to 
physical activity education, or health-centric cooking courses can help educate 
patients to make better choices in their daily lives.

It is important that the team approach encompasses not only trained profession-
als but also the patient’s family as well. A patient with an invested family network 
will better adhere to treatment recommendations and have improved outcomes. 
Awareness of ethnic, cultural, religious, educational, and social differences among 
patients is also important in discussing meal plan guidelines, as these may provide 
additional obstacles or advantages to each treatment plan.

8.4  Patient Encounter

Patient encounter provides opportunities for risk stratification (including an obesity- 
focused review of the medical history), building patient satisfaction and trust, vali-
dation of charges, and documentation of all work.

The obesity-focused history will cover any major life events that might have 
coincided with weight gain. Past events such as changes in career or marital status, 
medications, pregnancies, and lifestyle are all important to document. Additionally, 
current habits determine an individual patient’s energy balance. A patient’s medica-
tion history will provide opportunities for intervention. There are medications that 
are well known to cause weight gain. A general strategy is to avoid them and substi-
tute with alternatives that are associated with weight loss (Table 8.1).
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A detailed history should also include documentation of current food intake, 
physical activity levels, and sleeping habits. A psychological assessment for mood 
disorders is important, as this may contribute to obesity or overweight, or compli-
cate treatment.

Patient assessment should also look for complications of obesity and overweight 
because many become obstacles to effective weight loss. Sleep apnea, restrictive 
lung disease, fatigue, osteoarthritis, degenerative disc disease, angina pectoris, 
peripheral vascular disease, insulin resistance, and hypogonadism are examples of 
complications of obesity that become obstacles to effective weight loss. These, 
along with other complications, should be targeted not only to develop a course of 
treatment but also for billing purposes.

The physical examination of the patient encounter will encompass both standard 
measurements of height and weight, and if possible, the percentage of body fat. The 
patient’s BMI should be calculated, and the waist circumference (WC) should be 
measured, since they are the major factors in stratifying health risk in patients with 
obesity or overweight. The World Health Organization has defined obesity starting 
at a BMI of 25 kg/m2 for a Caucasian population, or 23 kg/m2 for an Asian popula-

Table 8.1 Medications that 
promote weight gain or help 
maintain or lose weight

Promote weight gain

Pyschiatric/Neuro
  Antipsychotics
  Antidepressants
  Lithium
Steroid hormones
  Prednisone
  Estrogens, progestins
Diabetic agents
  Sulfonylureas,
  Thiazolidinediones,
  Insulin
Beta-adrenergic blockers
Antihistamines
Antiepileptics
Help maintain or lose weight

Pyschiatric/Neuro
  Ziprasidone
  Celexa
  Bupropion
  Topiramate
Diabetic agents
  Metformin, GLP-1 agonists,
  Pramlintide, α-glucosidase
  Inhibitors, SGLT-2 blockers
ACE inhibitors
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tion. While not all patients with obesity or overweight, as defined by BMI criteria, 
have metabolic diseases or excess adipose tissue, and conversely not all that have 
metabolic dysfunction have obesity or overweight, the correlation between the two 
is strong enough that it is clinically appropriate for diagnosis. Distribution of adi-
pose tissue and measures of body composition add another dimension to the assess-
ment of individual patients. Measuring WC is a strong tool for gauging the volume 
of intra-abdominal or visceral adipose tissue. Those with a WC above 40 inches are 
at a higher risk of both metabolic diseases, as well as cardiac disease. Figure 8.1 
describes the proper way to measure WC, and Table 8.2 shows the accepted varia-
tions in WC by ethnic group.

Fig. 8.1 A proper technique for measuring waist circumference. Locate the superior iliac crests 
and the lower rib margins and place the measuring tape around the abdomen above iliac crests, 
keeping the loop of the tape parallel to the floor. Ensure the measuring tape is snug but not com-
pressing the skin. (Adapted from: Allison DB, Downey M, Atkinson RL, Billington CJ, Bray GA, 
Eckel RH, et al. Obesity as a disease: a white paper on evidence and arguments commissioned by 
the Council of the Obesity Society. Obesity (Silver Spring). 2008;16(6):1161–77. Epub 2008/05/10; 
used with permission)

8 Evaluation and Management of the Patient with Obesity or Overweight



152

A focused cardiovascular examination includes systolic and diastolic blood pres-
sure readings (SBP/DBP), an electrocardiogram (ECG), as well as screening for 
dyspnea. Depending on clinical judgment, a full cardiovascular evaluation should 
be undertaken before a recommendation of increased activity is given to a patient. 
Since some pharmacological agents used to treat obesity and overweight have been 
associated with valvular heart disease in the past (fenfluramine and dexfenflura-
mine), a physical examination focused on heart sounds is essential before prescrip-
tion of any weight loss medication.

The physical examination will reveal other complications of obesity or over-
weight, including musculoskeletal changes, edema, lymphedema, venous stasis, 
and skin changes (acanthosis nigricans, hirsutism, skin tags, and striae) and disor-
ders of regional fat distribution.

Further assessment of body composition can also be useful in diagnosing obesity 
and overweight. Though many third-party payers do not cover the measurements, 
they are useful in diagnosis and may provide an additional source of income to the 
practice if found to be sustainable. Methods such as bioelectrical impedance analy-
sis (BIA), dual-energy X-ray absorptiometry (DEXA), and magnetic resonance 
imaging (MRI) can all be used to document body composition. Each method has 
different advantages and limitations that define its effectiveness as a diagnostic tool, 
and its financial feasibility.

The fat mass index (FMI) is a more precise way of evaluating fat mass. This 
requires that fat mass be measured, as can be done with DEXA. The patient’s FMI 
is defined as the fat mass in kilograms divided by the height in meters squared.

Laboratory testing should be conducted to stratify health risk. Laboratories are 
needed to document if there are causes of weight gain or an inability to lose weight, 
such as insulin resistance, thyroid disorders, and Cushing’s syndrome. For primary 
and secondary laboratory tests, see Table 8.3. Laboratory tests should all be ordered 
using diagnostic codes other than for obesity or overweight to avoid lack of cover-
age. Appropriate diagnoses for each test are included in Table 8.3.

Testing of the patient’s leptin-to-adiponectin ratio defines adipose tissue health. 
Leptin levels increase with increasing fat mass. Adiponectin levels drop with adi-
pose tissue dysfunction. Trending the ratio documents the state of adipose tissue 
health for an individual over time. A ratio of leptin to adiponectin that increases over 

Table 8.2 Ethnic variations 
in waist circumference risk 
thresholds

Ethnic/regional origin
Men, in 
(cm)

Women, in 
(cm)

Europid ≥37 (94) ≥31 (80)
Caucasian ≥37 (94) ≥31 (80)
North American, European ≥40 (102) ≥35 (88)
Asian ≥35 (90) ≥31 (80)
Middle Eastern, Mediterranean ≥37 (94) ≥31 (80)
Sub-Saharan African ≥37 (94) ≥31 (80)
Central and South American ≥37 (94) ≥31 (80)

Abbreviation: cm centimeters
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time signals progressive adipose tissue dysfunction (adiposopathy) and is a strong 
predictor of worsening metabolism. On the other hand a ratio of leptin to adiponec-
tin that decreases over time signals improvement in adipose tissue function. 
Commercial assays for these two adipose tissue hormones are available from 
national reference laboratories.

8.5  Defining Success

The primary goal of treatment for patients with obesity or overweight is not weight 
loss on a scale. Rather,  clinical endocrinology focuses on returning derangements 
of metabolism to normal, and this must now include adipose tissue dysfunction. 
Effective behavior modification is required for success in the long-term manage-
ment of patients. The desired result is for the patient to achieve a negative energy 
balance.

Achieving a lean body weight is often an unrealistic goal in the management of 
overweight and obesity. A reduction of weight of 5–10% will reduce health risk 
drastically. This 5–10% reduction in body weight should be a desired goal for the 
ensuing 6–12  months of treatment. At any point in time, this goal of treatment 
should be reapplied to encourage ongoing weight loss. Most patients will not return 
to a lean BMI; hence, after any weight loss, the priority will be in the maintenance 
of the achieved lower weight. It is important to continue to set long-term realistic 
goals and to encourage decreased caloric intake and a higher amount of physical 
activity. This emphasis should replace the traditional adage of “diet and exercise” 
which suggests short-term measures and more immediate results.

Lifestyle changes will be easier to implement, and when stressed repeatedly, 
more likely to be integrated into the patient’s daily habits if they are realistic, 
achievable, sustainable, and incremental over time. For example, it is best to rec-
ommend small amounts of physical activity repeatedly over the day, as opposed to 
one instance of prolonged physical activity. The use of stairs instead of an escala-

Table 8.3 Minimal laboratory evaluation of a patient with overweight or obesity

Laboratory test Diagnoses/symptoms

Primary tests

Complete metabolic panel Fatigue, kidney failure, fatty liver, diabetes mellitus
Complete blood count Anemia, fatigue, dyspnea
Hemoglobin A1c Prediabetes, diabetes mellitus, hyperglycemia
Lipid panel Dyslipidemia, hypothyroidism, diabetes mellitus, 

hypertension
Secondary tests

Overnight oximetry Anemia, fatigue, dyspnea, hypersomnia, loud snoring
Thyroid-stimulating hormone Fatigue, dyslipidemia, goiter
Testosterone(males) Loss of libido, fatigue, anemia, erectile dysfunction
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tor or elevator, and parking further from entrances, each increases physical activity 
without the stigma of “exercise.” Similarly, a decrease in caloric intake can be 
implemented as a decrease in calorie-dense foods and not necessarily the volume 
or frequency of meals. There are several clinical strategies that can be imple-
mented to restrict caloric intake by making the patient more aware of serving sizes 
and eating habits. Small changes such as reducing the size of the physical plate, 
avoiding buffets or self-service tables, and prereducing restaurant portions in to-go 
containers can greatly reduce intake without drastically changing the patient’s 
lifestyle.

Since these modifications won’t result in immediate or drastic results, it is impor-
tant that patients understand the concept of obesity as a chronic illness. Overweight, 
obesity, and adiposopathy do not have short-term solutions. Their treatment should 
be framed in this context so that patients do not become disillusioned and adhere to 
their treatment plan in the long term. Once the desired weight loss has been achieved, 
a program of weight maintenance will need to be implemented. Success in both 
achieving weight loss and maintaining lower weight should be individualized to the 
patient. Since the rate of recidivism is high in the treatment for obesity and over-
weight, it is important to incorporate certain components of behavior therapy, such 
as relapse prevention, which will prepare the patient to expect setbacks and view 
them as temporary. It is also important to highlight the patient’s success and not to 
chastise mistakes. This approach can be effective in treating even severe obesity and 
can produce significant results over long periods of time.

8.6  Financial Management of a Bariatric Endocrinology 
Clinic

As obesity and overweight rates have risen in the United States, coverage for bariat-
ric care has often been deemed too expensive for employers to offer to their employ-
ees and has been excluded for coverage in order to reduce health-care premiums. 
Until recently, this approach has also been reflected in most federal and state-funded 
coverage plans including Medicare. As a result, office visits, medical nutrition ther-
apy, and pharmacotherapy for overweight and obesity have been excluded from 
coverage by most health plans.

In 2013, obesity and overweight were recognized by the American Medical 
Association as a disease continuum. Shifting of health-care resources from treatment 
to prevention, chiefly through the implementation of provisions of the Affordable 
Care Act (ACA), has set a precedent for the work of dedicated bariatric clinics to 
soon be covered through the International Classification of Diseases (ICD) codes for 
obesity and overweight. Until then, it is imperative that a clinic bill for medical care 
of the many complications of obesity. As of the publication of this textbook, third-
party payer coverage of the billing codes for obesity or overweight is inconsistent, 
but there is consistent coverage for major complications.  Billing codes for obesity 
and overweight should still be used in regard to billing.
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It is important for a clinic to know what the local market will bear. The team- based 
approach is the most beneficial for treatment; however, many third-party payers may 
not cover the costs of specialists. Laboratory testing as well as other screenings can 
be costly and, due to gaps in coverage, may ultimately be the patient’s financial 
responsibility; therefore, being able to gauge the makeup of the practice patient base 
is vital to success. A successful patient encounter is one that will foremost be benefi-
cial to the patient and also be financially successful for the practice. Ideally, medical 
care for overweight, obesity, and adiposopathy would not be  subsidized by the clinic. 
Thus,  it is important that each encounter meets the overhead of the practice.

8.7  Conclusion

Overweight, obesity, and adiposopathy are chronic illnesses for which there is no 
cure. The goal of treatment will always be maintenance of a healthy lifestyle and the 
return of adipose tissue to proper function. Meeting these goals will result in a loss 
of excess fat mass. The models of care used for other chronic endocrine diseases 
should be applied to the treatment of overweight, obesity, and adiposopathy. The 
proper clinic and staff play a pivotal role in helping patients achieve long-term suc-
cess. Bariatric endocrinology practices will be crucial in changing the prevailing 
attitudes of health-care professionals about patients with obesity.
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Pearls of Wisdom
• A large percentage of the human population is predisposed to obesity. 

Individuals who are susceptible to obesity have a permissive genetic back-
ground for excessive caloric intake and/or relatively reduced energy expen-
diture; obesity develops when these individuals are persistently exposed to 
an obesogenic environment.

• Monogenic obesity is relatively rare and is caused by single gene defects. It 
is usually characterized by severe and early-onset obesity. It is highly respon-
sive to treatment, however, if correction of the defect is clinically attainable.

• Syndromic obesity is rare and may be caused by a single gene defect or 
defects of multiple functionally unrelated genes as a result of a gross 
genetic defect, such as chromosomal deletion, rearrangement, and/or 
imprinting. Obesity usually occurs early in life as one of the multiple phe-
notypic manifestations characteristic of the syndromes.

• The common forms of obesity may involve tens and even hundreds of gene 
variants in a susceptible individual, and the mode of disease transmission 
(genetic inheritance) varies due to the polygenic nature of the disease as 
well as the dependency of the disease manifestation on the environmental 
factors (lifestyles).
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9.1  Introduction

Determining the etiology of obesity is as important in clinical practice as it is for 
understanding obesity out of academic interest. Treatment strategies that prove to be 
most effective are the ones that take into account the underlying causes of the disor-
ders to be treated. Like diabetes mellitus, which is defined by elevated blood glu-
cose level inclusive of all of its causes, obesity is the ultimate manifestation of 
excessive body fat (or body weight as a convenient but at times inaccurate surro-
gate), irrespective of its etiology. Also like diabetes, obesity is a disorder that actu-
ally has various underlying causes. Understanding and defining these causes are still 
a work in progress, but recognizing the specific types of obesity we already know is 
important and sometimes necessary to a treating clinician. Distinguishing between 
primary and secondary obesity, for example, is a job a clinician must make first. 
While primary obesity is managed by employing the usual weight loss treatment 
modalities, secondary obesity must be treated by addressing its primary etiologies, 
such as Cushing’s syndrome, hypothyroidism, or other abnormalities, leading to the 
manifestation of obesity. Symptomatic treatment using a usual antiobesity regimen 
is rarely effective if the underlying abnormality is not corrected in these situations.

This chapter deals with the primary etiologies of obesity, which are diverse. The 
next chapter deals with secondary causes of obesity.

9.2  Metabolic Versus Hedonic Etiology

Primary causes of obesity are diverse, multifactorial, and may involve numerous 
biochemical and neuroendocrine pathways. We are at a relatively early stage of 
understanding, defining, and characterizing them. However, primary causes of obe-
sity may be categorized into two distinct types, metabolic disorders and hedonic 
disorders (Fig.  9.1). There is overlap between the two types of disorders, as the 
neuroendocrine networks of the hedonic and metabolic systems in the brain cross-
talk with each other. Additionally, an individual with obesity may also harbor a 
disorder in both the hedonic and the metabolic systems. The key is to determine the 
cause(s) of obesity or weight gain at the time of therapeutic intervention to make the 
therapy more effective.

• The common forms of obesity may be categorized into two major types: 
Metabolic obesity, characterized by an elevated body weight set point, and 
hedonic obesity, caused by sustained hedonic overeating that overrides the 
metabolic signals for energy abundance. Treatment modalities should be 
tailored to address the specific etiologies.
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9.2.1  Metabolic Obesity

Metabolic obesity is caused by elevation of body weight set point. Body weight set 
point defines the steady state body weight of an adult individual. Usually, body 
weight of an adult is fairly constant over a long period of time (years to decades), if 
the individual is not undergoing a significant physiological (e.g., menopause) or 
pathological (e.g., developing Cushing’s syndrome) change. Any individual’s body 
weight may fluctuate on a regular basis, as it may be influenced by variations in food 
consumption and energy expenditure; the caloric ins and outs may not always bal-
ance out at any given moment if measured by hours, days, or weeks. However, the 
weight changes are not random; body weight oscillates around a set point. Any 
significant deviation of body weight from the set point triggers compensatory 
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Fig. 9.1 Metabolic and hedonic obesity as related to their respective mechanisms of weight gain. 
The homeostatic weight regulatory system located primarily in the hypothalamus and the brain-
stem accounts for weight regulation around a body weight set point. Deviation of body weight 
from this set point elicits compensatory changes in food intake (cumulative over a long time 
period) and energy expenditure, in opposite directions, in order to restore the previous set point 
body weight. Obesity characterized by an elevated body weight set point, which is metabolically 
defended just as a normal set point body weight is defended, is termed “metabolic obesity.” 
Hedonic eating is governed by the reward system to satisfy the need of pleasure and is nonhomeo-
static with regard to energy balance. Dysfunction of the reward system may lead to hedonic over-
eating in susceptible individuals despite that the metabolic signals indicate energy abundance, 
leading to sustained weight gain above the metabolic set point weight; this form of obesity is 
termed “hedonic obesity”
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metabolic responses that affect caloric intake and energy expenditure, which in turn 
restore the set point body weight. This type of body weight regulation is uncon-
scious and controlled by the “metabolic brain,” primarily composed of specific 
nuclei in the hypothalamus, the brainstem, and other specific brain structures. When 
an individual loses 5, 10, or 20 pounds of body weight due to an acute illness (e.g., 
a bad flu with anorexia or an acute kidney infection requiring hospitalization), the 
individual will readily gain back the weight after the illness is resolved. Conversely, 
if an individual gains 5–10 pounds during a vacation or a holiday season, his or her 
weight usually falls back to its previous level after the individual resumes his or her 
“normal” life. Of course, each individual has a unique body weight set point, just 
like the individual’s height, blood pressure, or some other phenotypical or physio-
logical characteristics. The individual’s body weight set point is in part determined 
by the individual’s genetics (which is generally believed to be of 40–80% heritabil-
ity, but 20–90% have been reported by various studies). The rest of the influences on 
body weight set point are attributed to developmental and environmental factors.

An individual’s set point may be raised even in adulthood due to certain genetic- 
environmental interactions. A large body of evidence suggests that our obesogenic 
environment in the past few decades, particularly high-fat, high-sugar, and caloric- 
dense foods, has triggered the expression of a higher body weight set point in genet-
ically susceptible individuals. It is believed that persistent exposure to high-fat and 
high-sugar foods can cause functional and structural changes in the neural circuits 
in the brain that control energy intake and expenditure, leading to resetting of the 
body weight set point. Leptin, or the ob gene product, an adipocyte-derived humoral 
signal that informs the brain of the energy reserve status, is an intrinsic part of the 
brain homeostatic energy balance circuitry that defines the body weight set point. A 
meal plan composed of high-fat and high-sugar foods impairs leptin signaling, and 
the acquired leptin resistance is one way of resetting the set point to a higher level. 
Additionally, loss of synaptic connectivity in hypothalamic POMC (pro- 
opiomelanocortin)/CART (cocaine- and amphetamine-regulated transcript) neu-
rons, a critical set of neurons that is part of the energy balance circuitry, has also 
been implicated as a cause of elevated body weight set point and, hence, metabolic 
obesity. This change is also environment triggered, due to diet-induced inflamma-
tion, reactive gliosis, and/or aging of hypothalamic neurons.

9.2.2  Hedonic Obesity

Hedonic obesity is caused by a disorder of the hedonic regulation system, the “cog-
nitive and emotional brain” that controls the reward and pleasure derived from 
ingesting palatable foods. This hedonic system is composed of a set of brain struc-
tures that is distinct from the metabolic brain. It is known as the cortico-limbic neural 
network. The core components of this system are the signaling pathways for “liking” 
(the level of pleasure or reward) and “wanting” (the motivation or drive to consume 
food). Like the metabolic brain, the signaling activities controlling these processes 
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are subconscious. Implicit “liking” is believed to be mediated by μ (mu)-opioid 
receptor and CB1 cannabinoid receptor signaling networks, centered in the nucleus 
accumbens (NAc) of the ventral striatum and ventral pallidum. Implicit “wanting” is 
chiefly encoded in the mesolimbic dopaminergic neurons that project from ventral 
tegmental area (VTA) to NAc. The liking and wanting are also modulated by multi-
ple other neuronal pathways. These include metabolic signals from the “metabolic 
brain” reflecting the energy balance status. They also include neuronal processes 
involving emotion, stress, and even arousal, irrespective of energy balance. The 
hedonic system integrates some of the basic midbrain, hindbrain, and hypothalamic 
functions with more complex cortical functions involving conscious and volitional 
aspects of the brain that are essential for meeting the reward balance, as in, for exam-
ple, the cortical function of procurement of food. The NAc of the basal forebrain and 
the VTA of the midbrain, two major sites where liking and wanting are processed 
and interpreted, have connections to multiple brain areas, including the hippocam-
pus, amygdala, gustatory and orbitofrontal cortex, hypothalamus, and other brain-
stem structures. These connections are believed to play an important role in 
coordinating the conscious and unconscious components related to hedonic eating.

Derangements of the hedonic system may be explained by the two prevailing 
hypotheses related to food evaluation and rewards. The “gluttony hypothesis” 
emphasizes a positive correlation between the amount of dopaminergic signaling in 
an individual and the pleasure derived from the sensory experience of ingestion. The 
“reward deficiency hypothesis” suggests that a deficiency in dopaminergic signaling 
is the cause of overindulgence in food; such overindulgence is a compensatory reac-
tion to the difficulty in achieving pleasure. Impairments of the reward system may 
stem from sustained exposure to processed, calorically dense foods. Chronic con-
sumption of these foods can lead to elevated dopamine release and transporter 
expression, as well as downregulation of dopamine D1 and D2 receptor expression 
in the NAc and dorsal striatum. The changes in the dopamine reward pathway can 
be demonstrated in “food addicts,” and these changes, particularly the downregula-
tion of dopamine receptors, are similar to those seen in drug addiction. These 
changes in the dopaminergic pathway lead to sustained overconsumption of foods 
and calories because of the need to achieve and maintain the level of reward/plea-
sure in a flawed hedonic system. The hedonic demands are sufficiently powerful to 
override metabolic signals that would otherwise keep energy balance in check. 
Hedonic obesity develops when the body weight is raised significantly above the 
usual set point body weight despite the metabolic signals that already indicate 
energy surplus.

Patients with hedonic obesity likely have an underlying eating disorder or even 
“food addiction,” although the latter is not a prerequisite. Also frequently seen in 
these patients are psychiatric co-morbidities, such as depression, anxiety, chronic 
stress, and sleep deprivation. Hedonic obesity may often be identified on these clini-
cal grounds in association with the finding of constant hedonic hunger present in 
these individuals. However, a subjective physiological characteristic is an increased 
resting and/or total energy expenditure per unit of body weight or “metabolic 
weight,” compared to people without obesity, or people with metabolic obesity.
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Behavioral and lifestyle modifications, including traditional behavior therapy 
and possibly pharmacotherapy, would be the primary treatment modalities for treat-
ing hedonic obesity. On the other hand, metabolic modifications that are aimed at 
lowering the body weight set point would be necessary to effectively treat metabolic 
obesity. This is a fertile ground for future pharmacological exploration. The  available 
data from studies of bariatric surgery suggest that, in general, bariatric surgery has 
the potential to modify hedonic pathways and alter body weight set point, and there-
fore, this surgery may be suitable for treating both hedonic and metabolic obesity.

9.3  Genetic Influence

9.3.1  Monogenic Obesity and Syndromic Obesity

People with monogenic obesity have an identifiable underlying genetic trait (defect) 
as the cause of obesity. Monogenic forms of obesity are relatively rare. Affected 
individuals usually develop obesity early in life, and the degree of obesity is usually 
more severe. However, monogenic obesity is also highly responsive to treatment, if 
correction of the defect is clinically attainable. Families with monogenic obesity 
have been reported in the literature, and the genetic defects reported so far include 
several genes in the leptin-melanocortin pathways, including leptin, leptin receptor, 
POMC, MC4R (melanocortin 4 receptor), and prohormone convertase 1 (PCSK1) 
and Src homology 2B adaptor protein 1 (SH2B1). For details of the pathways, see 
Chap. 4 and the relevant references listed in this chapter.

Patients with leptin deficiency and leptin receptor deficiency were identified 
shortly after the positional cloning of the leptin and leptin receptor genes in 1994 
and 1995, respectively. The defects in these genes are responsible for the phenotype 
of extreme obesity of the respective mouse strains, ob/ob and db/db. Patients homo-
zygous for loss-of-function mutations of LEP (leptin) or LEPR (leptin receptor) 
genes are characterized by normal birthweight. But they rapidly gain weight (pre-
dominantly fat) shortly after birth due to hyperphagia and altered energy partition in 
favor of fat deposition. Although early linear growth and cognitive development are 
usually normal, these patients have severely impaired pubertal development due to 
hypogonadotropic hypogonadism and hypothalamic hypothyroidism. As an indica-
tor of the size of body’s energy store, leptin serves as a permissive factor for normal 
pubertal development, reproduction, and immunity. Normal functions of the hypo-
thalamic gonadotropin-releasing hormone (GnRH) neurons and thyrotropin- 
releasing hormone (TRH) neurons require leptin signaling. Ironically, in the case of 
leptin and leptin receptor deficiency, the lack of leptin signaling makes a false rep-
resentation of extreme energy deficit, despite the massive obesity. Administration of 
recombinant leptin to children with congenital leptin deficiency reverses the hyper-
phagia and obesity with a preferential loss of fat mass (Fig. 9.2). There is also nor-
malization of thyroid function and resumption of pubertal development in 
leptin-treated children.
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POMC deficiency is another intriguing form of monogenic obesity. POMC is a 
propeptide and undergoes post-translational cleavage to produce multiple active 
hormones. In the pituitary gland, POMC is cleaved to produce adrenocorticotropic 
hormone (ACTH), melanotropins, and endorphins, among several other cleavage 
products. One of the melanotropins, alpha-melanocyte-stimulating hormone (alpha- 
MSH), binds to the melanocortin receptor of melanocytes in the skin, MC1R, to 
stimulate the production of black/brown pigment (eumelanin). Alpha-MSH also 
plays an important role in controlling food intake and energy expenditure through 
its action on two of the melanocortin receptors in the hypothalamus, MC3R and 
MC4R.  Understandably, congenital POMC deficiency produces a phenotype of 
hypocortisolism (typically presenting with neonatal hypoglycemia and cholestatic 
jaundice), early onset of obesity, and red hair and pale skin (Fig. 9.3). While the 
classical triad of the phenotype of POMC deficiency is well appreciated, a note of 
caution is also needed, as not all POMC-deficient patients have red hair. More 

Fig. 9.2 Congenital leptin deficiency. A 3-year-old boy with congenital leptin deficiency weigh-
ing 42-kg began treatment with recombinant leptin (left). At age 7 years, he weighed 32 kg (right). 
(Adapted from Farooqi and O’Rahilly (2014)
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recently, non-red-haired POMC-deficient patients have also been described. They 
display two of the phenotypic triad, early onset of obesity, and adrenal insufficiency, 
but they have dark hair. It is believed that in some non-Caucasian ethnic groups, 
eumelanin may also be produced independently of alpha-MSH.

Single gene defects in LEP, LEPR and POMC, MC4R, PCSK1, and SH2B1 as a 
cause of monogenic obesity are summarized in Table 9.1.

It should be noted that heterozygous carriers of the LEP, LEPR, POMC, and 
PCSK1 gene mutations do not exhibit the severe obesity phenotype of their homozy-
gous counterparts. In contrast, haploinsufficiency in MC4R can lead to severe obe-
sity. Additionally, MC4R gene defect variants are very common, with a population 
prevalence of >0.05%. The prevalence sampled among children with obesity is up to 
1–6% and that among adults with obesity is 0.5–1%. Human loss-of-function muta-
tions have been described in heterozygous carriers with severe early-onset obesity.

Syndromic obesity is due to a genetic defect that causes obesity in association with 
a distinct set of other phenotypic characteristics and/or functional deficits recognized 

Fig. 9.3 Congenital pro-opiomelanocortin deficiency. Pro-opiomelanocortin deficiency produces 
a phenotypic triad of red hair (due to melanocyte-stimulating hormone deficiency), hypocorti-
solism (due to adrenocorticotropic hormone deficiency), and childhood obesity which begins 
shortly after birth (due to a lack of second-order neuron melanocortin receptor stimulation in the 
hypothalamus). The girl on the left was found to be a compound heterozygote for two mutations in 
exon 3 (G7013 T, C7133Δ) which interfere with the appropriate synthesis of ACTH and alpha- 
MSH. The boy on the right was homozygous for a mutation in exon 2 (C3804A) which abolishes 
POMC translation. (Adapted from Krude et al. (1998)
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as a syndrome. Syndromic obesity may be due to a single gene defect or defects in 
multiple genes as occurring in chromosomal deletion/rearrangement. Summarized in 
Table 9.2 are several well-recognized syndromic obesity disorders.

9.3.2  Common Forms of Obesity: Polygenic Attributes

The common forms of obesity are of polygenic origin. Through unbiased genome- 
wide association studies (GWAS), 97 loci containing about 405 genes (most of these 
are conceivably not BMI-associated genes) have been identified to contribute to 
obesity. More BMI-associated loci may be identified in the future, but they likely 
confer less risk than those already identified. Many of the genes contained in the 

Table 9.1 Examples of monogenic obesity

Gene Defect Characteristics

LEP Congenital leptin 
deficiency

Severe hyperphagia and morbid obesity
Responds well to treatment with recombinant leptin

LEPR Leptin receptor deficiency Very similar phenotype as in LEP
Presently, no specific treatment is available that targets the 
defect

POMC Pro-opiomelanocortin 
deficiency

Hyperphagia and obesity (loss of melanocortin signaling 
at MC4R)
Pale skin and red hair (loss of melanocortin signaling at 
MC1R)
Adrenal crisis (ACTH deficiency)
Selective MC4R agonists are being developed and 
expected to be effective

MC4R Defect in melanocortin 4 
receptor

Hyperphagia and obesity, as well as increased lean mass 
(big-boned)
No specific treatment available yet, but selective MC4R 
agonist being developed may be effective, particularly for 
the heterozygotic defect

PCSK1 Prohormone convertase 1 
deficiency

Obesity and hypocortisolism (impaired processing of 
POMC)
Postprandial hypoglycemia (related to processing defect 
of proinsulin and hypocortisolism)
Hypogonadotropic hypogonadism and small bowel 
dysfunction (impaired processing of gonadal and gut 
prohormones, respectively)
No specific treatment available presently

SH2B1 Src homology 2B adaptor 
protein 1 deficiency

Hyperphagia and obesity, insulin resistance, reduced adult 
height, and behavioral abnormalities including social 
isolation and aggression
No specific treatment available that targets the defect

Note: Heterozygous forms of MC4R (melanocortin 4 receptor), LEP (leptin), LEPR (leptin recep-
tor), and POMC (pro-opiomelanocortin) exhibit a less severe and nonfully penetrant form of obesity. 
MC4R mutations are the most common, with a population prevalence of at least 0.05%, a prevalence 
of 0.5–1% among adults with obesity, and a prevalence of1–6% among children with obesity
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BMI-associated genetic loci are highly expressed in the central nervous system 
(CNS). The majority of the tissues enriched with these genes are located in the CNS 
structures implicated in the regulation of energy metabolism, such as the hypothala-
mus, the pituitary gland, the limbic system, and the hippocampus. These data pro-
vide independent support for both metabolic and hedonic causes of obesity as 
described above in Sect. 9.2. Pathway analyses suggest the involvement of several 
well-known CNS pathways as well as biochemical and cellular processes linked to 
energy metabolism. These include regulation of hormones relevant to weight con-
trol such as insulin and glucagon-like peptide 1 (GLP-1), and cellular signaling via 
mitogen-activated protein (MAP) kinase and mammalian target of rapamycin 
(mTOR); the latter is known as a cellular nutrient sensor. Many novel pathways have 
also been implicated. Interestingly, the novel pathways seem to highlight the role of 
synaptic function and long-term potentiation, that is, signaling via the neurotrans-
mitters glutamate, dopamine, norepinephrine, serotonin, and gamma- aminobutyric 
acid (GABA). These synaptic functions are associated with a wide spectrum of CNS 
roles in memory, learning, cognition, emotion, physical activity, and coordination. 
Energy metabolism is thus regulated via the reward system as well as the metabolic 
circuitry. Finally, analyses of the enriched gene set also suggest the involvement of 
the process of chromatin organization and modification, which may provide a link 
between obesity and epigenetic modifications (see Sect. 9.4.2 below).

9.4  Environmental Influences

9.4.1  Obesogenic Environment

The prevalence of obesity has reached an epidemic level. This is a recent phenom-
enon in the long human history. We are still bearing witness to the rising obesity 
rate. In the United States, for example, the obesity prevalence was about 22% in the 
late 1980s. It increased to 30% in the late 1990s, and by the late 2000s, it reached to 
35%. The human gene pool has not changed significantly during this time. Our 
genetic makeup predisposes us to efficiently store excess energy as body fat. The 
ability to store energy effectively is due to the “thrifty genes” that we have inherited 
over the long human evolutionary history. For the most part in human history, food 
shortage and famine were the “norm,” and acquiring food required physical labor. 
The thrifty genes conferred tremendous evolutionary advantages in these settings. 
However, this evolutionary pressure has changed with the development and matura-
tion of agriculture, the modern industrialization in many parts of the world, and 
particularly with the rise in the food industry in the past few decades. Foods become 
abundant and easily attainable, and physical activity is much less demanded in asso-
ciation with modernization of transportation and the increase in deskwork jobs. 
Processed foods are energy dense and can be manufactured cheaply in large quanti-
ties. The flavor of these foods is ever improving to tailor to human’s taste for fat and 
sugar. There is evidence that where “healthy” and “natural” foods cannot be priced 
reasonably as compared to the high-energy processed foods, obesity is more 
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prevalent. The fact that the prevalence of obesity is greater in people with a lower 
socioeconomic status perhaps speaks to the fact that obesity is no longer a condition 
of the rich people, as was the case before the era of the processed food industry.

Much work and innovations are needed to reverse the current obesogenic envi-
ronment. We need to improve the micro- and macro-environments of our homes, our 
close social circles, and our large surroundings. However, it is a matter of debate 
whether regulations of the agriculture and food industries are necessary and appro-
priate to prevent cheap processed foods from stuffing the shelves of our grocery 
stores and the pantries of our homes. It also remains controversial whether it has to 
take measures such as urban and city redesigning and planning (streets, schools, and 
shopping spaces, etc.) in order to promote healthy eating and more physical activity. 
Surely we will remain ineffective in combating the current obesity epidemic, until 
we can correct the environment that promotes obesity.

9.4.2  Developmental Factors and Epigenetic Alteration

From the GWAS studies, it has been estimated that over 20% of BMI variability 
may be explained by common genetic differences in the 100 or so genetic loci 
already identified. This number is smaller than the empirically estimated 40–80% 
BMI variability due to genetic influences expected from earlier non-GWAS studies. 
This gap may be explained by the following: (1) overestimation of genetic and/or 
underestimation of environmental influences, (2) the possibility that there are hun-
dreds or thousands more genes that are participants in energy metabolism, the influ-
ence of each of these genes being too small to be detected by the current GWAS 
studies but in aggregate conferring a significant fraction of the genetic risk for obe-
sity, and (3) underappreciated gene-gene and gene-environment interactions.

The body weight of a parent is a powerful determinant of the body weight of an 
offspring. In addition to the shared genes (genetic transmission) and the shared 
environment (eating habits and other similar lifestyle factors), epigenetic transmis-
sion may also play a role. This type of transmission is through gene-environment 
interactions that alter the expression of susceptible genes via DNA methylation and/
or histone modification in selective DNA segments, without altering the DNA 
sequences. Understanding the epigenetic mechanisms of obesity development is of 
particular interest because developmental programming of obesity is potentially an 
avoidable event. Unlike the genetic transmission of DNA codes, epigenetic trans-
mission is preventable. Prevention requires that we know what environmental fac-
tors turn on the epigenetic modifications, and at which developmental stage, which 
may even include preconception stages represented by the yet unfertilized maternal 
or paternal gametes. If we can modify the environment during pregnancy and/or 
early life, we may succeed in preventing obesity later in life.

Developmental studies in humans are complex but have yielded much information 
regarding potential environmental factors that predict obesity later in life, particularly 
with regard to maternal nutrition and the birth weight of the children. Many mecha-
nistic insights into epigenetic alterations come from animal studies. A recent study in 
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the fruit fly Drosophila melanogaster illustrated nicely how epigenetic mechanisms 
work. A gene product, Su(vart), has been shown to participate in epigenetic changes 
(i.e., altering chromatin conformation and gene expression) in response to a high-
sugar diet fed to the offspring. This happened only if the male flies were fed the same 
diet 2 days before mating, during which time epigenetic changes can occur in the 
sperm. The gene product Su(vart) is conserved in humans. Microarray studies in 
paired human monozygotic twins suggest that obesity versus lean phenotypes in the 
paired twins are also associated with differentially expressed levels of this protein.

9.5  Conclusion

Obesity is characterized by excessive adipose tissue (and body) weight, which fre-
quently leads to serious metabolic derangements. Excessive adiposity is caused by 
net caloric storage resulting from excess caloric intake relative to the body’s energy 
expenditure over a long period of time. The primary etiology of human obesity is 
linked to both genetic predisposition and obesogenic environments. Monogenic and 
syndromic obesities are predominantly genetic in etiology and are usually charac-
terized by severe and early-onset obesity. On the other hand, the common forms of 
obesity vary in severity and result from interaction of an obesogenic environment 
and multiple obesity-prone gene variants in susceptible individuals. Dozens (pos-
sibly hundreds) of gene variants are at play, producing a permissive condition for 
obesity to develop when environmental conditions are met. This makes the common 
forms of obesity extremely difficult to treat. A treatment modality targeting a few 
selective genetic deficits may not solve the problem of excessive weight gain. The 
complex polygenic nature of the common forms of obesity may be better appreci-
ated by considering that there are numerous biochemical pathways involved in the 
regulation of energy metabolism and that each of these may be affected by genetic, 
epigenetic, and environmental factors. The sum of these effects, likely inconsequen-
tial individually, may translate into significant alterations in the body’s metabolic 
circuitry of energy balance and/or the hedonic neuro-circuitry, resulting in meta-
bolic obesity and/or hedonic obesity, respectively. The classification into metabolic 
obesity and hedonic obesity is important, and it may allow more tailored treatments 
to be developed for the two specific disorders. These treatment modalities may 
include pharmacological, behavioral, and surgical interventions and their appropri-
ate combinations. In addition, environmental modifications at the societal level will 
likely be necessary in order to curtail the continued rise of obesity rate worldwide.
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Pearls of Wisdom
• There is a strong relationship between total energy expenditure, resting 

energy expenditure, and fat-free mass. The differences in fat-free mass 
account for a large percentage of total energy expenditure variance among 
individuals.

• Hypothalamic obesity is rare in humans and is usually due to injury, sur-
gery, tumor, or infiltrative disease.

• Patients with hypothyroidism may have a modest increase in weight due to 
slowing of metabolic activity, and marked weight gain is uncommon. 
Conversely, severe obesity may be accompanied by subclinical biochemi-
cal hypothyroidism, manifested by mild thyroid-stimulating hormone ele-
vation that corrects with weight loss.

• An increased body mass index in the second and third decades in life, but 
not later, is more frequently associated with oligo/amenorrhea and poly-
cystic ovarian syndrome in women.

• Obesity, diabetes, and depression often coexist. When assessing causes of 
weight gain, it is important to review the patient’s medication list, as a 
number of commonly prescribed drugs can cause weight gain, including 
oral diabetes agents, insulin, steroid hormones (including progesterone), 
antidepressants, and other mood-altering drugs.
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10.1  Introduction

An increase in excess body weight stems from multiple factors, including socio- 
economic and environmental triggers that contribute to an unhealthy lifestyle of 
increased consumption of calorie-dense foods and decreased work-related and 
free-time activity. However, it is also apparent that there is a strong genetic com-
ponent in the development of obesity. Genetic factors have been reported to explain 
a large component of body mass index (BMI) variability in family studies, includ-
ing twin studies (50–90% of BMI variance), adoption studies (20–60% of BMI 
variance), and parent–offspring and sibling correlations (20–80% of BMI vari-
ance). Wardle and colleagues carried out twin analyses of BMI and waist circum-
ference (WC) in 5092 twin pairs aged 8–11. Quantitative genetic model-fitting 
confirmed 77% heritability for both BMI and WC.  Bivariate genetic analyses 
showed that, although the genetic influence on WC was 60% common to BMI, 
there was also a significant independent genetic effect. A very modest shared-envi-
ronment effect was present for both BMI and WC, and the remaining environmen-
tal variance was unshared. Longitudinal studies have identified both parental 
obesity and childhood obesity as strong predictors of obesity in adulthood. The 
influence of having one parent with obesity throughout an individual’s childhood 
and adolescence increases that person’s risk of obesity in adulthood by 2.2–3.2-
fold, with a substantially higher risk if both parents have obesity. In addition, a 
child who develops obesity at the age of 10–14 years of age has a 22-fold increased 
risk of obesity in adulthood.

Genome-wide association studies have provided new insights into the genetic 
factors that contribute to the development of obesity. While the connection between 
a particular single nucleotide polymorphism (SNP) and adiposity is not always 
clear, an increasing number of mutated genes can be traced to obesity phenotypes. 
Leptin deficiency is characterized by hyperphagia and severe obesity, and mutations 
in the leptin pathway and receptor gene may account for 3–4% of severe, early- 
onset obesity. Mutations in pro-opiomelanocortin have been described, character-
ized by a lack of central appetite signaling and hyperphagia. Affected individuals 
may have hypoglycemia, hypogonadotropic hypogonadism, and adrenal insuffi-
ciency. The melanocortin-3 and melanocortin-4 receptors are key in feeding behav-
iors and mutations of these receptors are found in up to 3% of severe, early-onset 
obesity in children. Polymorphisms of the “fat mass and obesity-associated” (FTO) 
gene are associated with adiposity and have been associated with weight regain 
after lifestyle intervention in children and adults with and without type 2 diabetes 
mellitus (T2DM). Obesity risk alleles were characterized in 3899 adults with T2DM 
and overweight or obesity who lost 3% or more of the entry weight after one year, 
from the Look AHEAD (Action for Health in Diabetes) study, a randomized trial to 
assess the effects of intensive lifestyle intervention and diabetes support and educa-
tion. Although SNPs were not associated with weight loss, the FTO gene predicted 
weight regain in the diabetes support and education group, suggesting variations in 
the FTO gene may be important in weight regain.
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The genetic influence on excess adiposity may occur in two ways. First, genes 
may serve as the primary factors in the development of obesity. Second, environ-
mental factors may interact upon susceptibility genes that play a role in weight gain. 
There are major variations in the susceptibility to weight gain among individuals 
under similar external influences (decreased physical activity and increased calorie 
intake), depending on the genetic background. Metabolic risk factors for weight 
gain are reported to include low metabolic rate, increased carbohydrate oxidation, 
insulin resistance, and low sympathetic activity. Low energy expenditure is one fac-
tor that may promote weight gain. Approximately 70% of total energy expenditure 
(TEE) is utilized for the metabolic basal or resting energy expenditure (REE) needs. 
These include the REE involved in maintaining body temperature, cellular integrity 
and ion gradients, cardiac and respiratory muscle function, gastrointestinal motility 
and secretion, and storage and mobilization of metabolic fuels. Another 10% of 
TEE is dissipated through the thermic effects of food digestion, and the remaining 
energy expenditure is from activities of daily living and exercise. There is a strong 
relationship between TEE, REE, and fat-free mass (FFM), and differences in FFM 
account for a large percentage of TEE variance among individuals. Piaggi and col-
leagues studied energy metabolism in 612 healthy adult men and women (mean 
values for age 29.5 years, BMI 33.0 kg/m2, and percent body fat 30.9%) with fol-
low- up of 292 subjects after a mean 6.7 years. TEE and REE were measured by 
indirect calorimetry in a 24-h respiratory chamber, and body composition was 
assessed by either underwater weighing or dual-energy X-ray absorptiometry 
(DEXA). The 24-h TEE was inversely related to the rate of weight change (p = 0.007) 
and change in FFM (p = 0.012), such that 100 kcal below the expected 24-h TEE 
corresponded to 0.2 kg/year weight gain, of which 0.1 kg/year was fat mass. Thus, 
measures of REE and substrate oxidation were predictors of long-term weight 
change, indicating a small but potentially significant role for a reduced REE in 
weight gain over an individual’s lifetime.

Significant weight loss and loss of FFM may slow the REE. Thus, an important 
goal during weight loss is to maximize the loss of fat while preserving metabolically 
active FFM. Johannsen and colleagues studied whether restriction of caloric intake 
and vigorous physical activity would preserve FFM and maintain REE during 
weight loss in 16 patients with severe obesity (BMI 49.4 ± 9.4 kg/m2 and body fat 
49 ± 5%). There were measurements of body composition by DEXA, REE by indi-
rect calorimetry, and TEE by double-labeled water. Subjects lost greater than one- 
third (38 + 9%) of their body weight at 30 weeks, to include 17% from FFM and 
83% from fat. Although energy expenditure from physical activity increased signifi-
cantly, the REE declined out of proportion to the decrease in body mass, demon-
strating a substantial metabolic adaptation, with a decline of 504 ± 171 kcal/day 
(p < 0.01). Physical activity did not prevent a significant decline in REE during rapid 
weight loss, suggesting that patients may be predisposed to weight regain if physical 
activity and/or caloric restriction are not maintained. The Health, Aging, and Body 
Composition Study followed body composition change in 147 adults (54% women, 
38% African–American) over a weight-cycling period (defined as ≥3% weight loss 
with weight regain within ±3% of baseline over 2 years) compared to gender- and 
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race-matched weight-stable subjects. More lean mass was lost during the weight-
loss period than was gained during the weight-regain period, especially in men, 
although not statistically significant when compared to the weight-stable group.

With this background of the genetic influence on body adiposity, and the impor-
tance of TEE variability during weight change, this chapter will review the potential 
endocrine causes of excess body fat, and the role of medications in promoting 
weight gain.

10.2  Endocrine Causes of Weight Gain

10.2.1  Hypothalamus–Pituitary–Adrenal (HPA) Axis

Hypothalamic obesity is a rare syndrome in humans. In animals, injury to the ven-
tromedial or paraventricular region of the hypothalamus regularly results in obesity. 
These brain regions are responsible for sensing hunger and satiety, and hyperphagia 
occurs when the hypothalamus is damaged. Causes of hypothalamic obesity are 
listed in Table 10.1. Craniopharyngiomas are the most common intracranial tumors 
of nonglial origin in the pediatric population, and hypothalamic involvement is a 
major risk factor for obesity in these children. In 90 children with a diagnosis of 
craniopharyngioma, early reductions in growth rates and late increases in BMI stan-
dard deviation (SD) scores were seen. In 48 children with hypothalamic involve-
ment, BMI SD scores were higher at diagnosis and annual follow-up (p < 0.001 for 
both) compared to 42 patients without hypothalamic involvement (Fig. 10.1). Both 
hypothalamic tumor involvement and BMI SD scores had relevant and independent 

Table 10.1 Etiologies of hypothalamic obesity

Single gene 
mutations

Leptin, leptin receptor, CART, POMC, prohormone convertase-1, MC4R, 
BDNF (TrkB), single-minded 1(SIM-1)

Genetic 
syndromes

Prader–Willi syndrome, Bardet–Biedl syndrome

Tumors Craniopharyngioma, angiosarcoma, cholesteatoma, chordoma, colloid cysts, 
endothelioma, ependymoma, epidermoid, epithelioma, ganglioneuroma, 
germinoma, glioma, hamartoma, Langerhans cell, leukemia, meningioma, 
pituitary macroadenoma, pinealoma, teratoma, metastases

Inflammatory or 
infiltrative disease

Sarcoidosis, tuberculosis, arachnoiditis, histiocytosis X, encephalitis

Injury Head trauma, neurosurgery, radiotherapy, aneurysm
Medications Antidepressants, mood stabilizers, antipsychotics

Adapted from Bereket A, Kiess W, Lustig RH, et al. Hypothalamic obesity in children. Obes Rev. 
2012;13:780–98; used with permission
BDNF (TrkB) brain-derived neurotrophic factor (tyrosine kinase B), CART cocaine- and 
amphetamine- related transcript, MC4R melanocortin 4 receptor, POMC pro-opiomelanocortin
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Fig. 10.1 Body mass index (expressed as standard deviation scores, SDS) before, at (mean age 
8 years), and after diagnosis of craniopharyngioma and hypothalamic involvement to last visit 
(n = 90, 50 girls and 40 boys). Ages: U1, birth; U2, third to tenth day of life; U3, third to fourth 
week; U4, third to fourth month; U5, sixth to seventh month; U6, 10th to 12th month; U7, 21st to 
24th month; U8, years 3.5 to 4; and U9, year 5. Data were retrospectively analyzed based on 
 medical records, and results are shown as box plots for patients who presented without (a, c) or with 
(b, d) hypothalamic involvement by craniopharyngioma. (Adapted from Müller et al. 2004; used 
with permission)
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impacts on the development of childhood obesity (p < 0.001 for both). In a report of 
42 adults treated with surgery and/or radiotherapy for hypothalamic tumors, 52% 
had obesity at 5-year follow-up compared to 24% at baseline.

Growth hormone (GH) is known to increase lean body mass and reduce fat mass. 
Long-term GH treatment provides beneficial weight change for children who have 
either underweight or obesity, independent of the indication for GH therapy. 
However, GH replacement has also been associated with variable changes in adi-
posity in children. Changes in BMI SD scores between starting GH treatment and 
attaining near-adult height were analyzed in 2643 children with idiopathic GH defi-
ciency, 281 children small for gestational age, 142 children with Prader–Willi syn-
drome, and 1661 girls with Turner syndrome identified from an international growth 
database. Children with obesity had decreased BMI SD scores, while children with 
underweight had increased BMI SD scores following GH therapy. Of interest, nor-
mal-weight children had an unexpected increase in BMI SD scores during GH treat-
ment. Adult GH deficiency is associated with an increase in abdominal and visceral 
fat and a decrease in lean body mass. GH replacement in adults has been shown to 
have significant favorable effects on body composition compared to controls, to 
include increased FFM and decreased fat mass.

There is dysregulation of cortisol in the setting of excess adiposity. Obesity is 
associated with changes in adrenal function, which include an increase in adrenal 
medullary catecholamine output, changes in adipose tissue glucocorticoid (GC) 
metabolism, and enhanced adipocyte mineralocorticoid receptor activity. It is 
unknown whether these changes are in part responsible for the increase in adiposity 
and related metabolic dysfunction, or an adaptive response to obesity instead. GC 
secretion not only depends on the HPA circadian rhythm but also the intracellular 
regulation of cortisol by 11-beta-hydroxysteroid dehydrogenase (11ß-HSD). The 
enzyme 11ß- HSD-1 catalyzes the conversion of the inactive cortisone to active cor-
tisol and thus amplifies GC tissue action in the liver, muscle, and fat. Excess adipose 
tissue 11ß- HSD-1 activity may be an important component of increased GC receptor 
activation. In contrast, 11ß-HSD-2 inactivates cortisol into inactive cortisone metab-
olites, thereby reducing the activation of the GC receptor. This balance of local cor-
tisol activation and inactivation may play an essential role in metabolic disorders that 
are related to obesity. In addition, cortisol-binding globulin concentrations are often 
significantly reduced in obesity, resulting in higher free levels of cortisol. Patients 
with obesity and dysmetabolic syndrome have reportedly higher visceral adipose 
tissue expression of 11ß-HSD-1, higher adipose tissue expression of the GC recep-
tor, and increased HPA axis activity compared to patients with obesity but without 
dysmetabolic syndrome. Of interest, weight loss after bariatric surgery has been 
shown to result in decreased levels of circulating cortisol and lower adipose tissue 
11ß-HSD-1 expression, when compared to control subjects with normal weight.

Physiologic stressors can stimulate the HPA axis, which in turn can activate the 
mesolimbic dopaminergic system, a brain network strongly related to reward. 
Individuals with a high BMI show a stronger association between chronic stress and 
weight gain than those with a low BMI who experience similar degrees of stress. 
Several studies have examined the association of high-fat, high-sugar meal plans 

D. L. Hurley



179

and activity of the HPA axis. Consistent with this notion, stress-related eating is 
significantly associated with obesity in women. Restrained eating refers to the vol-
untary cognitive effort to restrict food intake typically for the purpose of controlled 
weight loss or weight maintenance. High cognitive restraint is associated with 
increased cortisol concentrations. In addition, both epidemiological and experimen-
tal data support the association between sleep deprivation and disrupted physiologi-
cal rhythms as being a possible risk for developing obesity. It is estimated that 
approximately one-third of adults in the United States sleep less than 6 h per night. 
Although studies suggest that restricting sleep may lead to weight gain via increased 
food consumption, methodologies have been inconsistent and the data, to include 
effects on energy expenditure, are mixed.

Approximately 5–20% of adrenal incidentalomas present with subclinical corti-
sol hypersecretion. This disorder has been described as subclinical Cushing’s syn-
drome (CS), characterized by the absence of a clinical Cushing’s phenotype and 
subtle alterations of the HPA axis due to adrenal autonomy, although there is lack of 
consensus as to the biochemical diagnostic criteria. Zografos and colleagues 
reported on 21 studies of adrenal incidentalomas and reported an increased preva-
lence of obesity (n = 11 studies, prevalence 25–78%), impaired glucose tolerance or 
T2DM (n  =  11, 25–69%), T2DM only (n  =  7, 16–33%), arterial hypertension 
(n = 18, 45–100%), and dyslipidemia (n = 7, 9–71%) irrespectively of adrenal func-
tion but being possibly higher in patients with subclinical CS. Rossi and colleagues 
prospectively studied the clinical and hormonal features of 50 consecutive patients 
with incidentally discovered adrenal adenomas. All subjects had hormone assays at 
regular intervals to assess the function of the HPA axis for a median period of 
38  months, with comparison to 107 age- and gender-matched controls. For all 
patients with incidentalomas, T2DM was present in 24%, dyslipidemia in 28%, and 
BMI >25 kg/m2 in 36% with significantly higher serum cortisol (p < 0.001), lower 
adrenocorticotropic hormone (ACTH) concentrations (p  <  0.05), and impaired 
dexamethasone cortisol suppression (p < 0.001). Criteria for subclinical CS were 
met by 12 (24%) patients, with a BMI >25 kg/m2 in 50%, T2DM in 42%, and dys-
lipidemia in 50%. It is noteworthy that obesity, hypertension, T2DM, and dyslipid-
emia are not specific to cortisol excess and are highly prevalent in the general 
population. This is especially so beyond the sixth decade of life, when adrenal inci-
dentalomas are more frequent. Nevertheless, improvement in T2DM and insulin 
sensitivity has been reported after adrenalectomy in patients with adrenal inciden-
talomas, with or without subclinical CS. Rossi et al. documented that adrenal hor-
monal features improved in all patients undergoing adrenalectomy but appeared 
unchanged in patients not treated by surgery during a follow-up period ranging from 
9 to 73 months. These findings suggest that subclinical hypercortisolism may con-
tribute to increased adiposity, adiposopathy, and metabolic abnormalities.

The first evidence that cortisol levels were related to obesity and metabolic dis-
ease was derived from clinical observations of CS with associated central body 
obesity, glucose intolerance, and hypertension. The effect of GCs in CS can be 
explained by the induction of 11ß-HSD-1 and enhanced lipogenic capacity in vis-
ceral adipose tissue. GCs increase de novo lipid production in hepatocytes through 
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increased expression of fatty acid synthase. GCs also promote conversion of preadi-
pocytes to mature adipocytes and have an acute antilipolytic effect on adipocytes. 
However, the long-term effects of GCs on adipose tissue lipolysis remain unknown, 
and there is controversy as to whether these mechanisms contribute to fat hypertro-
phy in adiposopathy.

CS due to bilateral adrenocortical hyperplasia can be classified as ACTH- 
independent macronodular adrenocortical disease (>1 cm) that is more frequent in 
older adults, and micronodular disease (<1  cm), more frequent in children and 
young adults. The cyclic adenosine monophosphate (cAMP) signaling pathway 
plays a role in bilateral adrenal hyperplasia, either directly due to genetic defects of 
a central pathway molecule or indirectly via upregulation of ectopically expressed 
G-protein-coupled receptors in the adrenal cortex. Increased levels of cAMP- 
dependent protein kinase A (PKA) activity and/or cAMP are increased in adreno-
cortical lesions, and PKA is known to play an important role in fat metabolism and 
energy balance. Micronodular adrenal hyperplasia includes a pigmented variant, 
primary pigmented nodular adrenocortical disease (PPNAD). Mutations of the 
PRKAR1A gene that codes for the regulatory subunit 1α of PKA (RIα) cause 
PPNAD. London and colleagues studied CS and non-CS subtypes, both with and 
without PRKAR1A mutations. PRKAR1A mutations affected cAMP signaling in 
adipose tissue and were associated with significantly reduced CS-related obesity. 
BMI and BMI Z-scores were lower in adults with PPNAD and PRKAR1A muta-
tions and in pediatric patients with PPNAD with or without PRKAR1A mutations. 
PKA activity in adipose tissue differed between CS groups, with higher cAMP lev-
els in patients with PPNAD. Thus, increased cAMP and PKA activity may contrib-
ute to increased adiposity and phenotypic differences among CS subtypes.

10.2.2  Thyroid

Many of the actions of thyroid hormone in metabolic regulation involve modulation 
of other metabolic signaling pathways. Thyroid hormone regulates basal metabolic 
rate through known targets such as sodium–potassium ATPase, although the overall 
mechanism is not well established. Thyroid hormone interacts closely with the 
adrenergic nervous system to generate heat in response to cold exposure, termed 
adaptive thermogenesis. This process stimulates mitochondrial biogenesis and 
upregulation of fatty acid oxidation. The conversion of thyroxine (T4) to triiodothy-
ronine (T3), along with the expression of uncoupling protein-1 (UCP1), is required 
for adaptive thermogenesis in brown adipose tissue, and is stimulated by catechol-
amines. The UCP1 promoter and the promoter for a rate-limiting enzyme in gluco-
neogenesis, phosphoenolpyruvate carboxykinase, have a cAMP response element 
and a thyroid response element in close proximity, and both response elements are 
required to stimulate gene expression. Thyroid hormone stimulates both lipolysis 
and lipogenesis and is involved in fatty acid oxidation to mobilize stored triglycer-
ides and generate ATP to meet cellular demands. Regulation of fatty acid oxidation 
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is mainly through key rate-limiting enzymes such as carnitine palmitoyltransferase 
Iα and acyl-CoA oxidase (Fig. 10.2).

Patients with hypothyroidism may gain weight due to slowing of metabolic 
activity. Some of this weight gain is fat, but the weight gain is usually modest, and 
marked weight gain is uncommon. Serum thyroid-stimulating hormone (TSH) lev-
els that are increasing in the normal range or slightly above normal have been asso-
ciated with a modest increase in body weight. Moreover, there is an inverse 
correlation between free thyroxine values and BMI, even when free thyroxine levels 
remain in the normal range. A retrospective analysis of 703 multiethnic children and 
adolescents found a positive association between TSH concentrations and BMI 
Z-scores. After adjustment for ethnicity, gender, pubertal stage, and BMI, signifi-
cant associations remained between TSH levels and hyperglycemia (e.g., impaired 
fasting glucose and impaired glucose tolerance), and dyslipidemia (e.g., elevated 
levels of triglycerides, total cholesterol, and LDL-cholesterol). In adults, subclinical 
hypothyroidism (mean TSH: 6.7 mIU/L) is associated with a slightly higher base-
line weight (0.51 kg higher baseline weight per 1 mIU/L higher TSH) in women 
older than 65 years of age, compared to euthyroid individuals (i.e., TSH 2.2 mIU/L). 
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Fig. 10.2 Crosstalk between thyroid hormone signaling and metabolic pathways in fatty acid 
synthesis and ß-oxidation. (i) Free fatty acid (FAA) synthesis is controlled by acetyl-CoA carbox-
ylase (ACC). Thyroid hormone receptor response element (TR) and sterol regulating element- 
binding protein (SREBP). (ii) Liver X receptor (LXR) stimulates FFA synthesis by enhancing 
SREBP-1c gene expression. In the absence of T3, TR competes with LXR. (iii) Peroxisome 
proliferator- activated receptor (PPAR), an agonist, increases FFA synthesis by enhancing SREBP 
processing enzymes. (iv) T3 increases FFA oxidation by upregulating palmitoyltransferase 
(CPT)-Ia. PPARa also stimulates CPT-Ia and acyl–CoA oxidase (ACO), a rate-limiting enzyme. 
Unliganded TR can block CPT1a and ACO stimulation by PPARa. (Adapted from Liu and Brent 
2010; used with permission)
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However, there is no association observed in men and no weight change over time 
in women. In contrast, a cross-sectional study in 2037 middle-aged Japanese adults 
found significant positive associations between the serum TSH and BMI in men 
only. In a study of 4235 patients with T2DM, patients were divided into two groups 
based on the thyroid status, those with clinical hypothyroidism on thyroid hormone 
replacement compared to persons without known thyroid disease. BMI was strongly 
associated with patients who were found to have hypothyroidism (BMI 32.2 ± 7.4 
vs. 29.4 ± 5.7 kg/m2, p < 0.0001) and for patients receiving thyroid hormone therapy 
for hypothyroidism (p < 0.0001; odds ratio [OR] 2.28). Weight change following 
onset of thyroid hormone therapy was evaluated in a retrospective cohort of 101 
adults with newly diagnosed primary hypothyroidism (median TSH ≥18.3 mIU/L, 
range 10.1–710 mIU/L). The median treatment TSH level was 2.3 mIU/L (range, 
0.04–5 mIU/L), and only 52% of patients lost weight, with a mean weight loss of 
3.8 ± 4.4 kg. Gender, race, age, initial TSH level, time to normalization of TSH, and 
initial weight were not associated with changes in weight or BMI after onset of 
thyroid hormone therapy. Another retrospective analysis compared 245 patients 
treated with treated hypothyroidism and 162 euthyroid controls. Both groups were 
similar in height, weight, BMI, and the number of patients with T2DM. The thyroid 
treated group had more women, Caucasians, and nonsmokers. The average TSH 
was slightly higher in the treated hypothyroid group compared to controls (median 
TSH 1.87 vs. 1.55, p < 0.01), but there was no significant relationship between TSH 
and BMI in either group. Thus, it seems unlikely that properly treated hypothyroid-
ism contributes to weight gain.

It has been suggested that abnormalities in thyroid function may be secondary to 
excess fat mass. However, these changes appear to be functional, since thyroid func-
tion becomes normal after weight loss in children and adolescents. In addition, 
weight loss after bariatric surgery in adults improves or normalizes TSH levels. 
Chikunguwo and colleagues retrospectively studied thyroid function tests in 86 
patients without previous diagnosis of thyroid disorder who underwent gastric 
bypass or adjustable gastric banding. Before bariatric surgery, 10.5% of subjects 
had TSH values consistent with subclinical hypothyroidism (defined as elevated 
TSH with normal free thyroxine). One year after bariatric surgery, all patients expe-
rienced significant weight reduction and simultaneous resolution of their subclinical 
hypothyroidism. The mean BMI change from 49 to 32 kg/m2 after bariatric surgery 
was associated with a mean reduction in the TSH level from 4.5 to 1.9 mIU/L. TSH 
levels correlated positively with BMI (p < 0.001) within the BMI range of 30–67 kg/
m2. Of interest, free thyroxine showed no association with BMI and was not signifi-
cantly influenced by weight loss (Fig. 10.3). Subclinical hypothyroidism is present 
at the preoperative evaluation for Roux-en-Y gastric bypass in 43% of 503 patients. 
One year after bariatric surgery, the mean BMI declined from 47  ±  8  kg/m2 to 
33 ± 6 kg/m2 (p < 0.001) and was associated with significant decreases in both TSH 
(5.8  ±  2.0 to 2.8  ±  1.3 mIU/L, p  <  0.001) and free thyroxine (15.2  ±  2.1 to 
13.9  ±  2.3  pmol/L, p  <  0.001). Subclinical hypothyroidism resolved in 87% of 
patients, and this high rate of spontaneous recovery suggests that follow-up alone is 
sufficient in the majority of patients undergoing bariatric surgery with mild TSH 
elevations.
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10.2.3  Ovaries

Polycystic ovary syndrome (PCOS) is a common endocrine disorder. PCOS affects 
6–18% of premenopausal women. Approximately one-half of women with PCOS 
are reported to have obesity, with increased abdominal and visceral fat. The factors 
responsible for this association are not fully understood. Excess adiposity is associ-
ated with insulin resistance and compensatory hyperinsulinemia and leads to 
decreased sex hormone-binding globulin synthesis in the liver, and excessive andro-
gen production in the ovaries. These changes lead to a hyperandrogenic state when 
compared to women of normal weight. There is a significant association between 
weight gain in early adulthood and symptoms or diagnosis of PCOS. Ollila and col-
leagues evaluated women with both oligo/amenorrhea and hirsutism at age 31 
(n = 126), or diagnosed with PCOS by age 46 (n = 181), as compared to women 
without PCOS (n = 1577). An increased BMI between the ages of 14 and 31, but not 
later, was more frequent in all groups of women with isolated oligo/amenorrhea 
(p = 0.006), oligo/amenorrhea plus hirsutism, (p = 0.001), and PCOS (p = 0.001). 

Fig. 10.3 Influence of 
obesity and surgical weight 
loss on thyroid hormone 
levels. Left: Correlation 
between preoperative BMI 
and preoperative (a) serum 
TSH and (b) free T4 levels. 
Right: Correlation between 
BMI 6 months after 
bariatric surgery and (a) 
serum TSH and (b) free T4 
levels. Dotted lines 
represent lower and upper 
limits of normal range for 
thyroid hormone concentra-
tions. (Adapted from 
Chikunguwo et al. 2007; 
used with permission)
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PCOS was significantly associated with increased BMI and higher concentrations 
of androgens, insulin, and triglycerides.

Cytochrome P450c17α is a key enzyme in the biosynthesis of ovarian andro-
gens and has both 17α-hydroxylase and 17,20-lyase activity. In ovarian theca 
cells, P450c17α converts progesterone to 17α-hydroxyprogesterone via 
17α-hydroxylase, and then converts 17α-hydroxyprogesterone to androstenedione 
by 17,20-lyase activity. Weight loss using a hypocaloric meal plan in women with 
PCOS reduces plasma testosterone and glucose-stimulated insulin levels and 
improves hirsutism. A decline in the waist-to-hip ratio correlates positively with 
decreases in glucose- stimulated insulin levels and inversely with the decreases in 
plasma 17-beta- estradiol. Metformin therapy, 500 mg three times a day in women 
with PCOS, as compared to placebo, significantly reduces the levels of serum insu-
lin, 17α-hydroxyprogesterone, luteinizing hormone, sex hormone-binding globulin, 
and testosterone, all independent of BMI, although the waist-to-hip ratio decreases 
with metformin administration (p = 0.02). Glintborg and colleagues studied body 
composition in 90 patients with PCOS randomized to 1 year of metformin (2 g/day), 
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metformin plus oral contraception (150 mg desogestrel +30 mcg ethinyl estradiol), 
or oral contraception alone. Treatment with metformin alone or in combination with 
oral contraception was associated with greater declines in body weight and regional 
fat mass compared to oral contraception alone. Testosterone levels were comparable 
between groups.

10.3  Medication-Related Weight Gain: Commonly  
Used Drugs for Common Diseases

When assessing causes of weight gain, it is important to review the patient’s medi-
cation list as a number of medications can cause weight gain, including oral diabe-
tes agents, insulin, antidepressants and other mood-altering drugs, antiepileptic 
drugs, and hormones (Tables 10.2 and 10.3).

Table 10.2 The potential effects of diabetes therapeutic agents on weight change

Drug class Drug agent(s)
Weight 
change

Amylin analogs Pramlintide ↓↓
Biguanides Metformin ↓
GLP-1 receptor agonists Albiglutide, dulaglutide, exenatide, liraglutide ↓↓
SGLT-2 inhibitors Canagliflozin, dapagliflozin, empagliflozin ↓
α-Glucosidase inhibitors Acarbose, miglitol ↔
Bile acid sequestrants Colesevelam ↔
DPP-4 inhibitors Alogliptin, linagliptin, saxagliptin, sitagliptin ↔
Dopamine-2 agonists Bromocriptine ↔
Glinides Nateglinide, repaglinide ↑
Sulfonylureas Glimepiride, glipizide, glyburide ↑↑
Insulins Aspart, detemir, glargine, glulisine, lispro, NPH, 

regular
↑↑

Thiazolidinediones Pioglitazone, rosiglitazone ↑↑

Table 10.3 The potential effects of CNS psychoactive agents on weight change

Drug class Related to weight gain Related to weight neutrality or loss

Antidepressants Mirtazapine, TCAs, SSRIs (paroxetine) Bupropion, venlafaxine, SSRIs 
(fluoxetine, sertraline)

Antipsychotics Clozapine, olanzapine, quetiapine, 
risperidone, thioridazine

Aripiprazole, ziprasidone

Antiepileptics Gabapentin, valporate Lamotrigine, topiramate, 
zonisamide

Others Lithium

CNS central nervous system, SSRIs selective serotonin reuptake inhibitors, TCAs tricyclic antide-
pressants (i.e., amitriptyline, clomipramine, doxepin, imipramine)
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10.3.1  Diabetes-Related Drugs

The risk of developing T2DM and hypertension increases with increasing BMI and 
WC. BMI and WC are each independently and strongly associated with T2DM, 
with WC being a stronger risk factor in women than in men. Many patients with 
obesity have prediabetes or T2DM, and vice versa, and may be treated for metabolic 
complications with drugs that are weight promoting. Beta-blockers and alpha- 
blockers prescribed as antihypertensive agents may cause weight gain. Lee and col-
leagues found that among patients taking beta-blockers and matched to controls, 
meal-induced thermogenesis, fat oxidation rate, and weekly activity were lower by 
50% (p < 0.01), 32% (p = 0.04), and 30% (p < 0.01), respectively. The adjusted 
mean body weight was significantly higher in these patients who attended either a 
diabetes clinic (9.2 ± 1.2 kg, p = 0.0002) or hypertension clinic (17.2 ± 3.2 kg, 
p = 0.004), compared to patients attending these clinics and not treated with beta- 
blockers. Weight-neutral agents to control blood pressure would include angiotensin- 
converting enzyme inhibitors, angiotensin receptor blockers, and calcium channel 
blockers, although more robust studies of the effect of antihypertension drugs on 
weight change are needed. In addition, there is a high rate of depression in patients 
with obesity and T2DM, and many psychoactive agents commonly prescribed to 
improve mood in these patients may promote weight gain. Thus, all patients with 
prediabetes, T2DM, or obesity should have their medication list carefully reviewed 
for drugs that can cause weight gain.

Insulin administration is associated with weight gain, for both conventional and 
intensive insulin therapy. Patients receiving insulin gain approximately 1–3 kg more 
weight than those receiving other diabetes agents. In the Diabetes Control and 
Complications Trial, a mean increase in weight of 5.1 kg was seen in the intensive 
treatment group, versus 2.4 kg in the conventional treatment group. Sulfonylureas 
and thiazolidinediones are associated with weight gain, whereas metformin use in 
the Diabetes Prevention Program resulted in a significant 2-kg weight loss in 
patients with impaired glucose tolerance. Other oral diabetes agents are weight neu-
tral or associated with a small decline in weight (i.e., dipeptidyl peptidase-4 inhibi-
tors, alpha- glucosidase inhibitors, and sodium glucose transport-2 inhibitors). 
Injectable glucagon-like peptide-1 (GLP-1) receptor agonists used in the treatment 
of T2DM have been shown to provide improved glycemic control, blood pressure 
reduction, and weight loss. Patients with T2DM and overweight or obesity should 
receive instruction in healthy eating patterns and regular physical activity. They 
should also be treated with diabetes medications that are safe, effective, and weight 
neutral, or associated with weight loss.

10.3.2  Antidepressants

The Netherlands Study of Depression and Anxiety evaluated data from 2542 adults 
with major depressive disorder over 6 years of observation, compared to healthy 
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controls. A current, but not remitted, major depressive disorder was significantly 
associated with both weight gain and weight loss. Antidepressant use was signifi-
cantly associated with weight gain both for selective serotonin reuptake inhibitors 
(OR 1.26, 95% CI, 1.05–1.52) as well as for other antidepressants (OR 1.36, 95% 
CI, 1.00–1.84) (p < 0.05 for both). Compared to patients who lost weight, those who 
gained weight had lower initial BMI, were younger, had more anxiety disorders, 
and had poorer quality of mood and reduced appetite as depressive symptoms. 
Overweight or obesity was found in 72% of a cohort of 127 adult ambulatory 
patients with depression, studied by Correia and colleagues. A longer duration of 
depression was associated with significantly higher BMI values and greater fat mass 
(p < 0.003). Weight gain during the observed time of depression was reported in 
87% of patients. Antidepressants and benzodiazepines were prescribed in 75% and 
72% of patients, respectively, and both were associated with significant weight gain. 
The tricyclic antidepressants amitriptyline, clomipramine, doxepin, and imipramine 
are all associated with significant weight gain. In contrast, not all SSRIs have been 
associated with weight gain. In a randomized study of 284 patients with depression 
receiving one of three SSRIs (fluoxetine, sertraline, or paroxetine), a significant 
increase in weight occurred only in the paroxetine group, while no significant 
weight change was observed in patients taking sertraline or fluoxetine.

10.3.3  Antipsychotics

Both “conventional” first-generation antipsychotics (i.e., thioridazine) and “atypi-
cal” second-generation antipsychotics (Table  10.3) can cause significant weight 
gain, reportedly between 0.8 and 4.4 kg. Antagonism of histamine H1 receptors has 
been identified as the main cause of second-generation antipsychotic-induced obe-
sity, but the molecular mechanisms are unclear. Blocking hypothalamic H1 recep-
tors by second-generation antipsychotics activates AMP-activated protein kinase 
(AMPK). During short-term second-generation antipsychotic treatment, hypotha-
lamic H1 receptor antagonism may activate the AMPK-carnitine palmitoyltransfer-
ase 1 signaling to rapidly increase caloric intake. During long-term treatment, 
hypothalamic H1 receptor antagonism can reduce thermogenesis and thus may con-
tribute to fat accumulation by decreasing lipolysis and increasing lipogenesis. 
Central opioidergic neurotransmission may be implicated in the development of 
olanzapine metabolic disturbances. Of interest, the addition of naltrexone or pla-
cebo to olanzapine in a randomized, double-blind pilot study did not result in BMI 
differences between groups. However, subjects taking naltrexone plus olanzapine 
had a significant decrease in fat, increase in FFM, and a trend toward improvement 
in homeostatic model assessment of insulin resistance, compared to controls. In 
another randomized, double-blinded, placebo-controlled trial, melatonin was found 
to be effective in attenuating adverse metabolic effects of second-generation anti-
psychotics in patients with bipolar disorder but not with schizophrenia. Significant 
beneficial outcomes with melatonin were seen on fat mass and diastolic blood 
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pressure, compared to placebo. Second-generation antipsychotics also seem to 
induce a hypometabolic state. Adolescents taking olanzapine, quetiapine, or risperi-
done monotherapy were analyzed using anthropometric measurements, bioelectri-
cal impedance analysis, and indirect calorimetry to measure REE. Patients gained 
10.8 ± 6.2 kg (60% as fat mass) and increased WC by 11.1 ± 5.0 cm after only 
1 year of treatment. The REE/kg body mass ratio decreased (p = 0.027), and the 
REE/percentage FFM ratio increased (p  =  0.007) during treatment. This could 
explain, at least in part, the changes in weight and body composition observed in 
these patients. Taken together, these findings support a centrally mediated imbal-
ance during use of mood-altering drugs that can lead to changes in weight and body 
composition, as well as adiposopathy and adverse metabolic clinical outcomes.

10.3.4  Antiepileptics

The antiepileptic drugs valproic acid and carbamazepine are also used in the man-
agement of bipolar disorder and are associated with weight gain. Gabapentin is 
commonly used for treatment of neuropathic pain and can also cause weight gain, 
whereas topiramate and zonisamide do not promote weight gain. Shapiro and col-
leagues reported on 47 adolescent patients with an average BMI of 30.2 kg/m2 who 
were first prescribed topiramate or zonisamide and subsequently had the addition of 
at least one mood-altering drug. Of these patients, topiramate was initially pre-
scribed in 91% of adolescents due to its safety profile, and 92% were later pre-
scribed an antipsychotic (e.g., aripiprazole, quetiapine, or risperidone). 
Anticonvulsant dosage was associated with an average decline in BMI of 3.2–6.1 kg/
m2 for every 6 months of treatment in patients with a baseline BMI ≥25 kg/m2, and 
weight reduction was not statistically different between patients taking topiramate 
or zonisamide.

10.3.5  Gonadal hormones

Many progestin-only contraceptives are long acting and cost effective in preventing 
pregnancy, but concerns about weight gain can deter initiation, or cause early dis-
continuation of their use. In a review of contraceptive use studies, weight change for 
women taking progestin-only contraceptives generally did not differ significantly 
from their comparison contraceptive group, with a mean weight gain <2 kg for most 
studies of 1-year duration. However, three studies showed significant differences for 
progestin-only contraceptives compared to women not using a hormonal method of 
contraception. Three-year weight gain is greater with depot medroxyprogesterone 
acetate (DMPA) use compared to women using a nonhormonal IUD. DMPA users 
also have significantly greater percent increases in body fat and a decrease in lean 
body mass. There is a 1 year greater increase in weight with DMPA use, compared 
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to women using an IUD contraceptive, with the weight increase due to an increase 
in fat mass. In contrast, women who used DMPA postpartum do not differ from 
women choosing bilateral partial salpingectomy sterilization in either weight or per-
cent body fat at 1-year follow-up. About half the women using DMPA return to their 
prepregnancy weight. However, the other half of DMPA users gain weight, with a 
higher prepregnancy BMI associated with postpartum weight gain.

Serum testosterone level decreases in men by 0.4–2% per year after the third 
decade of life. In addition to increasing age, obesity has been associated with 
decreased serum testosterone. There is evidence that low testosterone levels pro-
mote fat accumulation, suggesting a bidirectional relationship between adiposity 
and testosterone. A total of 3369 community-dwelling men aged 40–79 years were 
evaluated as part of the European Male Aging Study and categorized as eugonadal 
(n  =  1909), incident secondary hypogonadal (n  =  140), or persistent secondary 
hypogonadal (n = 123). Incident secondary hypogonadism is predicted by a BMI of 
≥30 kg/m2 (OR 2.86, p < 0.0001), weight gain (OR 1.79, p = 0.011), and increased 
WC (OR 1.73 for WC 94–102 cm, p = 0.026 and 2.64 for WC ≥102 cm, p < 0.0001). 
Late-onset hypogonadism occurs in middle-aged and elderly men and is defined by 
hypogonadal symptoms in the presence of low testosterone levels. In the European 
Male Aging Study, 63 men (2.1%) were classified as having moderate or severe late- 
onset hypogonadism. Only men with severe late-onset hypogonadism showed sig-
nificant associations with WC, insulin resistance, and dysmetabolic syndrome, 
although men with low testosterone levels only had lesser magnitudes of association 
for the same end points. Androgen deprivation therapy is employed in men with 
locally advanced, recurrent, and metastatic prostate cancer and has been prospec-
tively shown to cause decreased lean muscle mass, increased fat mass, weight gain, 
increased cholesterol and triglycerides, and insulin resistance. Mean increases in 
body weight and WC after 1  year of androgen-deprivation therapy have been 
reported as 2.9% and 3.0%, respectively. Visceral and subcutaneous fat (measured 
by computerized tomography) both increase by >20%, although the increase in sub-
cutaneous fat is significantly greater than that measured in visceral fat. Studies in 
men taking androgen-deprivation therapy are needed. Physical activity is associated 
with significantly improved health and disease-specific quality of life in men taking 
androgen-deprivation therapy. However, physical activity does not have a beneficial 
effect on weight, WC, lean mass, fat mass, blood pressure, or lipids.

10.4  Conclusion

Patients inquire about, and physicians and other health-care providers often screen 
for, endocrine-related disorders as a cause of weight gain in persons who have over-
weight or obesity. Endocrine disorders may be associated with modest weight gain, 
as seen in subclinical hypothyroidism or subclinical hypercortisolism, but they 
rarely are the sole culprit for marked or continued weight gain. Cushing’s syndrome 
is rare and has an unmistakable phenotype. Hypothyroidism is common but rarely 
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results in significant weight gain, even in patients with profound hypothyroidism. 
These endocrine disorders, Cushing’s syndrome and myxedema, are usually quickly 
diagnosed and properly treated. The more difficult scenario is the patient with 
T2DM who has overweight or obesity and may have anxiety and depression. 
Polypharmacy is common in these patients, and they may be taking drugs for diabe-
tes, depression, anxiety, and pain that promote weight gain. Behavioral change is 
critical to the prevention and treatment of patients who have overweight or obesity. 
However, a focus solely on modifying individual behaviors for healthy eating and 
increased physical activity may have had limited success if physicians and health- 
care providers are not aware of the genetic variability between individuals in energy 
metabolism and the effect that commonly prescribed medications can have on 
weight change.
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Chapter 11
Physical Manifestations of Obesity

Jeffrey Sicat

J. Sicat  
Virginia Weight and Wellness, Glen Allen, VA, USA

Pearls of Wisdom
• Obesity and sleep apnea have a bidirectional relationship in that obesity 

can cause and worsen sleep apnea, and conversely sleep apnea can contrib-
ute to and worsen obesity.

• Untreated, undiagnosed sleep apnea, and reduced sleep duration cause 
insulin resistance, worsening diabetes control, reduced leptin levels, 
increased ghrelin, increased cortisol, increased sympathetic activity, and 
increased appetite and cravings for sweets and salts.

• Diagnosis and treatment of sleep disorders may improve multiple cardio-
metabolic parameters including improved glycemic control, insulin sensi-
tivity, and appetite regulation.

• Obesity increases the risk of osteoarthritis, knee replacement, postopera-
tive complications, and need for repeat joint replacement surgery, and 
weight reduction of 10% can dramatically improve each of these factors.

• Hepatobiliary disease is highly associated with obesity, including an 
increased risk of cholesterol gallstones. Rapid weight loss via both very 
low-calorie meal plan and bariatric surgery acutely increases the risk of 
gallstones, and this risk may be attenuated by ursodeoxycholic acid or a 
daily meal including at least 10 grams of dietary fat.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-95655-8_11&domain=pdf
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11.1  Introduction

The progressive shift toward obesity over the last 30 years has resulted in a tremen-
dous and widespread impact on metabolic, psychiatric, and physical complications 
of obesity. This chapter specifically discusses the physical manifestations of obe-
sity. While obesity impacts multiple organ systems (Table 11.1), this chapter focuses 
specifically on the respiratory, musculoskeletal, and gastrointestinal systems, with 
particular focus on the interplay of obesity and sleep disorders, knee osteoarthritis 
(OA), and gallstone disease.

11.2  Obesity and Sleep Disorders Have a Bidirectional Effect

Obesity is the most significant risk factor for obstructive sleep apnea (OSA). OSA 
is the most common type of sleep-disordered breathing and is characterized by 
recurrent episodes of upper airway obstruction and/or collapse, causing reduced 
airflow or complete cessation of airflow during sleep. Episodes commonly manifest 
as loud snoring, gasping, and choking, causing acute reductions of oxygenation. 
These can occur as often as 1–2 episodes per minute, with up to hundreds of epi-
sodes through the night, resulting in recurrent arousals and preventing progression 
to deep restorative sleep.

Table 11.1 Overview of physical manifestations of obesity by organ system

Cardiovascular Congestive heart failure Deep venous thrombosis

Pulmonary/
respiratory

Sleep apnea
Obesity hypoventilation 
syndrome

Restrictive lung disease
Dyspnea

Neurologic Cerebrovascular accident
Compressive neuropathies

Carpal tunnel syndrome
Papilledema

Gastrointestinal Gastroesophageal reflux disease
Gallstones

Hernias

Genitourinary Urinary incontinence
Cystocele
Uterine prolapse

Sexual dysfunction (including inability to 
penetrate, inability to use some sexual 
positions, genital overcrowding, orgasmic 
dysfunction, and erectile dysfunction)

Musculoskeletal Osteoarthritis
Lumbago—back pain 
(originating from degenerative 
disc disease and degenerative 
joint disease)

Gout
Immobility

Dermatologic Cellulitis
Cutaneous candidiasis
Edema
Lymphedema

Acanthosis nigricans
Hirsutism
Venous stasis and ulcers
Skin tags

Reproductive Pregnancy-related complications
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Risk factors for OSA include a neck circumference >16″ in women and >17″ in 
men, male gender, increasing age, alcohol use, sedative use, and supine sleeping 
position. Endocrine conditions associated with OSA include obesity, adiposopathy, 
hypothyroidism, postmenopausal status, and acromegaly. The risk in men is dou-
bled compared to women (approximately 30% in men and 15% in women). 
Postmenopausal women have a more than fourfold increased risk, compared to pre-
menopausal women. This risk for postmenopausal women increases until the age of 
65 and then reaches a plateau. Approximately 25% of adults with a body mass index 
(BMI) between 25 and 28 kilograms (kg)/meter (m)2 have at least mild OSA. OSA 
is present in up to 45% of patients with stage 3 or higher obesity. Similarly, obesity 
is the biggest risk factor for OSA. Approximately 70% of patients with OSA have 
obesity. The prevalence of OSA in stage 3 or higher obesity is nearly double that 
seen in normal-weight adults.

Obesity potentiates OSA due to excess soft tissue and fat deposition in the mouth, 
throat, upper airway, and peripharyngeal regions. This extra soft tissue may result in 
a smaller airway lumen as well as increased external pressure on the airway. The net 
effect of these changes is an increased collapsibility of the upper airway leading to 
apnea. An increasing neck circumference correlates with increasing severity of 
OSA. Apnea episodes occur during sleep due to decreased airway muscle tone dur-
ing sleep, as well as the pull of gravity while in the supine position.

11.2.1  OSA and Reduced Sleep Duration Can Cause Obesity 
and Insulin Resistance

While obesity is the most significant risk factor for OSA, there is a bidirectional 
effect. OSA and reduced sleep duration contribute to the development of obesity 
and type 2 diabetes mellitus (T2DM).

Over the last 40 years, self-reported sleep duration has declined by 1.5–2 h in the 
United States. A poll by the National Sleep Foundation in 2009 demonstrated that 
American adults sleep an average of 6 h 30 min on weekdays and 7 h 12 min on 
weekends, whereas the average duration of sleep was 8.5 h in 1960.

There is an increased risk of developing T2DM over 3 years, depending on the 
severity of nocturnal hypoxia (mild hypoxia episode odds ratio [OR]  =  1.26; 
moderate- to-severe hypoxia OR = 1.69), even after adjustments for BMI, gender, 
and other risk factors.

OSA severity may be categorized based on the apnea-hypopnea index (AHI), 
which is calculated based on the number of apnea events divided by the number of 
hours of sleep. Normal is an AHI < 5 apnea episodes per hour; mild OSA is an AHI 
5–14; moderate OSA is an AHI 15–29, and severe OSA is an AHI ≥ 30.

The Wisconsin Sleep Study (n = 1387) demonstrated a twofold increase in the 
incidence of T2DM in patients with an AHI > 15 compared to those with an AHI < 5 
(OR = 2.3), even after adjustments for BMI and other risk factors. The Sleep Heart 
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Study (n = 6441) also showed that patients with overweight or obesity with sleep- 
disordered breathing had significantly higher rates of impaired fasting glucose 
(IFG), impaired glucose tolerance (IGT), and T2DM even after adjusting for 
BMI. Even those with sleep-disordered breathing and normal bodyweight had a 2.5 
greater prevalence of T2DM compared to patients with normal breathing patterns.

11.2.2  Why Does OSA Increase the Risk of T2DM?

OSA may increase glucose intolerance through several mechanisms. Intermittent 
hypoxemia has been shown to stimulate the sympathetic nervous system. The resulting 
elevation in catecholamines may directly cause insulin resistance. Fragmented sleep, as 
seen in OSA, increases cortisol levels, which can also lead to insulin resistance. 
Stamatakis et al. demonstrated a 25% reduction in insulin sensitivity after just 2 days of 
sleep fragmentation. Lastly, reduced sleep duration has been shown to stimulate orexi-
genic hormones, such as ghrelin, leading to further weight gain and insulin resistance.

11.2.3  Increasing Severity of OSA Is Associated 
with Worsening Glucose Control

OSA is highly prevalent in patients with T2DM. Tasali et al. screened 60 consecu-
tive patients with T2DM for sleep apnea, demonstrating that 77% had sleep apnea. 
Increasing severity of sleep apnea was associated with worsening glucose control. 
The presence of mild, moderate, or severe OSA increased mean-adjusted hemoglo-
bin A1c (A1c) values by 1.49%, 1.93%, and 3.69%, respectively.

11.2.4  OSA Treatment and T2DM Improvement

Continuous positive airway pressure (CPAP) therapy in patients with T2DM with 
OSA can improve glucose control. Nighttime glucose levels improve following initia-
tion of CPAP therapy. Pallayova showed that even after one night of initiating CPAP 
therapy, there are significant improvements in overnight glucose control as well as 
reduced glucose variability. Dawson et al. demonstrated that after 5 weeks of CPAP, 
mean overnight glucose levels improved from 121 milligrams/deciliter (mg/dL) to 
102 mg/dL. Babu et al. evaluated patients with diabetes before and after 3 months of 
CPAP therapy and showed an A1c reduction of 0.6% (in patients with a baseline 
A1c > 7%) as well as significant improvements in postprandial glucose after all three 
meals (191 mg/dL pre-therapy and 130 mg/dL post 3 months of CPAP therapy).

While several controlled studies have shown a benefit of CPAP on glucose 
metabolism and insulin sensitivity, others have not shown improvement in A1c or 
insulin sensitivity. However, the average nighttime use of CPAP treatment was less 
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than 5 h per night in the studies demonstrating a lack of benefit, with some studies 
averaging as low as 3 h of CPAP use per night.

11.2.5  Weight Loss Through Very Low-Calorie Meal Plan 
(VLCMP), Pharmacologics, or Surgery May Improve OSA

Currently, the standard of care for OSA is treatment with CPAP.  Unfortunately, 
when factoring in patient acceptance and adherence to CPAP, the success rates of 
CPAP can be as low as 50%.

OSA in patients with overweight or obesity can improve with significant weight 
loss, whether achieved through lifestyle modification, medication, or bariatric sur-
gery. Longitudinal studies have demonstrated that a 1% decrease in body weight 
decreases the AHI by approximate 3%.

11.2.5.1  VLCMP Weight Loss

Johansson et al. treated patients with obesity and moderate-to-severe OSA with a 
VLCMP for 9 weeks, followed by a weight maintenance program, resulting in 27 
pounds (lbs) or 10% weight loss at 1 year. This weight loss significantly reduced 
apnea episodes, with 48% of patients no longer requiring CPAP. Further analysis 
demonstrated that a 10-kg weight loss was associated with an average decrease of 5 
events/h on the AHI score. Tuomilehto et al. treated patients with mild OSA. They 
demonstrated that with a 10% reduction in body weight at 1 year, 63% of patients 
were cured from OSA (defined as AHI < 5 events/hour).

11.2.5.2  Pharmacological Weight Loss

Treatment for 28 weeks with extended-release phentermine/topiramate in patients 
with obesity and OSA demonstrated significant weight reduction compared to pla-
cebo (10.2% vs. 4.3%). It also resulted in a greater reduction of apnea events per 
hour compared to placebo (−31.5 events/h vs. −16.6 events/h). From baseline to 
week 28, patients in the phentermine/topiramate group reduced their mean AHI 
from 44 to 14 events/h (68% reduction).

11.2.5.3  Surgical Weight Loss

Out of 597 consecutive patients about to undergo bariatric surgery, 48% had OSA 
(19% severe OSA, 11% moderate OSA, and 18% mild OSA). At a median of 
11 months postbariatric surgery, the mean BMI was reduced from 56 to 38 kg/m2 
and the number of patients using CPAP or bilevel positive airway pressure reduced 
from 81 to 31 patients postoperatively.
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11.2.6  Reduced Sleep Duration Is Associated with Obesity

Short sleep duration is associated with obesity, independent of BMI.  Cappuccio 
et al. performed a meta-analysis of 45 cross-sectional studies (including 604,509 
adults and 30,002 children) and showed a relationship between short sleep (<5 h per 
night in adults and <10 h per night in children) and obesity, with an OR of 1.55 in 
adults and 1.89 in children. In adults, every 1 h of reduced sleep duration was asso-
ciated with an increase in BMI of 0.35 kg/m2.

11.2.7  Reduced Sleep Duration Changes Neuroendocrine 
Hormones (Reduced Leptin and Increased Ghrelin)

Spiegal et al. published the first detailed lab study on the effect of recurrent partial 
sleep deprivation on hormonal and metabolic variables involved in appetite regula-
tion. Young healthy men underwent six consecutive nights of sleep deprivation (4 h 
sleep/night), followed by seven nights of sleep recovery (12 h of sleep/night). At the 
end of 6 days of sleep deprivation, leptin levels were reduced 19% compared to 
baseline, with a 40% decrease in glucose tolerance consistent with a state of glucose 
intolerance and a significant reduction in acute insulin response to glucose. The 
postbreakfast homeostatic model assessment of insulin resistance was significantly 
elevated (+56%) after the sleep-deprived state compared to the fully rested state. 
Thus, insulin resistance develops even with short-term sleep deprivation.

A small, shorter, follow-up study (n = 12) was performed involving 2 days of 
sleep restriction (4 h) compared to 2 days of full sleep (10 h). Results after brief 
sleep restriction showed a significant reduction in leptin (−18%) and significant 
increases in ghrelin (+28%), hunger, appetite (+23%), and appetite specifically for 
high carbohydrate.

Larger population-based studies, including the Wisconsin Sleep Cohort Study 
(n = 1024) and the Quebec Family Study (n = 740) demonstrated identical reduc-
tions in leptin and identical increases in ghrelin. These observations help explain the 
propensity for increased appetite and energy intake in patients with a reduced sleep 
duration (5 h).

11.2.8  Sleep Loss Increases Adrenocorticotropic Hormone 
(ACTH) and Cortisol and Dampens Evening Reduction 
of Cortisol

Sleep loss, whether partial or total sleep deprivation (from insomnia or recurrent 
sleep deprivation), results in elevated evening cortisol levels. Guyon et al. demon-
strated that two nights of sleep restriction (from 10 h to 4 h) was associated with a 
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19% increase in overall ACTH levels, a 21% increase in total cortisol levels, and the 
usual physiological evening circadian cortisol decline was attenuated by 21%. 
Evening total and free cortisol levels were increased by 30% and 200%, respec-
tively, in the sleep-deprived versus normal sleep groups. An increase in appetite was 
correlated with the increase in total cortisol.

11.2.9  Reduced Sleep Duration Can Affect Body Composition 
Changes During Weight Loss

Nedeltcheva et al. reported a 2-week study of sleep restriction compared to normal 
sleep time (5.5 vs. 8.5 h/night) while on a hypocaloric meal plan. Subjects in both 
groups lost a similar amount of total body weight (3 kg), but sleep-restricted sub-
jects lost 60% more lean body mass and 55% less fat mass. These findings suggest 
that adequate sleep may play a key role in preserving lean body mass during periods 
of caloric restriction, whereas sleep deprivation may lead to loss of lean body mass 
during weight loss.

11.2.10  Effect of Sleep Restriction on Energy Expenditure

Sleep disturbance or nighttime wakefulness is associated with lower daytime physi-
cal activity. Gupta et al. found that for each 1-h decrease in sleep, obesity increased 
by 80% and physical activity was reduced by 3%. Ortega et al. found that short sleep 
duration was associated with morning tiredness, less physical activity, and exces-
sive TV watching. In addition, sleep restriction in humans reduces leptin levels, and 
rodent studies have shown that reduction of leptin may reduce energy expenditure 
by reducing physical activity and core body temperature.

11.2.11  Effect of Circadian Disruption

Continuous disruption of circadian rhythms, as seen in shift workers, has been associ-
ated with body weight gain, T2DM, and cardiovascular disease. In ten subjects who 
underwent a forced desynchrony protocol, short-term circadian misalignment increased 
postprandial glucose, insulin, and blood pressure, decreased 24-h leptin levels, and 
inverted the cortisol profile (increased cortisol at the end of the wake episode and begin-
ning of the sleep episode). Pan et al. followed >170,000 nurses in the Nurses’ Health 
Study and found that healthcare workers working night shifts for the highest duration 
had the greatest risk of developing obesity, excess weight gain, and diabetes (Fig. 11.1).

A summary of the impact of sleep deprivation on endocrine metabolic factors is 
given in Fig. 11.2.
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Fig. 11.1 Duration of 
rotating night shift work and 
the risk of obesity and 
excess weight gain in the 
Nurses’ Health Study 
II. Increased duration of 
rotating night shift work was 
associated with an increased 
odds ratio of being obese in 
2007 as well as excessive 
weight gain from 1989 to 
2007. Excess weight gain 
was defined as an increase 
of more than 5% body 
weight above the baseline 
bodyweight from 1989. 
(From: Pan et al. 2011; used 
with permission)

Life style
depression

stress
Sleep disordered

breathing

Leptin ↓ Melatonin ↓ GH ↑TSH ↓  Adipo-
nectin↓

Sympathovagal
balance↑

EE ↓
+

Sleep ↓

Obesity Diabetes

Insulin resistance ↑Appetite ↑

IL-6; IL-1β↑
TNF-α↑

Cortisol ↑τGhrelin ↑ Orexin ↑

Circadian
amplitude ↓

Diabetic
symptoms

Fig. 11.2 Reduced sleep duration and sleep-disordered breathing may cause endocrine/metabolic 
disruptions leading to obesity and diabetes. Reduced sleep duration and quality may increase the 
risk of obesity and diabetes via multiple hormonal and physiological changes causing an increase 
in appetite, a decrease in energy expenditure (EE), and an increase in insulin resistance 
(Abbreviations: EE energy expenditure, GH growth hormone, IL-1ß interleukin-1 beta, IL-6 inter-
leukin 6, TNF-α tumor necrosis factor alpha, TSH thyroid-stimulating hormone). (From: Lucassen 
et al. 2012; used with permission)
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11.2.12  Increasing Sleep Time May Reduce Appetite

Limited data suggest that increasing sleep time may reduce appetite. Tasali et al. 
prospectively studied young adults with overweight, with baseline habitual sleep 
duration <6.5 h. Subjects’ sleep time was increased to 8.5 h for 2 weeks. On aver-
age, participants obtained 1.6 h of extra sleep (5.6 vs. 7.1 h) and reported less sleepi-
ness and higher energy levels. Increasing sleep time led to a 14% decrease in overall 
appetite and a 62% decrease in the desire for sweet and salty foods.

11.2.13  Sleep Summary

In summary, obesity and sleep disorders have a bidirectional impact. Obesity is the 
most significant risk factor for OSA, and OSA is a significant risk factor for 
T2DM. Sleep disorders and reduced sleep can cause an increase in insulin resis-
tance, cortisol, sympathetic catecholamines, and orexigenic hormones, as well as a 
decrease in energy expenditure and physical activity. Treatment of OSA and increase 
in sleep duration can significantly improve glucose control, insulin resistance, and 
hunger and may promote weight loss. Bariatric endocrinology subspecialists should 
be highly attuned to this bidirectional relationship and be aggressive in diagnosing 
and treating sleep disorders, especially in patients with treatment-resistant diabetes 
and/or obesity.

11.3  Musculoskeletal Section

Obesity is the strongest modifiable risk factor for the development of osteoarthritis 
(OA). In the first National Health and Nutrition Examination Survey study, women 
with a BMI > 30 kg/m2 compared to BMI < 30 kg/m2 had fourfold increased risk of 
OA and men had a fivefold increased risk. Excess body weight increases the amount 
of force across a joint, which may cause cartilage breakdown eventually leading to 
OA.  Approximately 719,000 knee replacements are performed yearly in the 
US. Three to six times one’s bodyweight is exerted across the knee while walking, 
and thus, an increase of 10 lbs in body weight may increase the mechanical forces 
on the knee by 60 lbs. Patients in the Framingham Heart Study Cohort (mean age: 
37 years), who had overweight or obesity, demonstrated a higher rate of develop-
ment of knee OA at an average age of 73 versus normal-weight subjects. Obesity is 
not only associated with OA of the knees but also OA of the hands. This observation 
suggests that obesity causes not only biomechanical effects on joints but also joint 
destruction from circulating systemic proinflammatory cytokines in OA. Specifically, 
elevated levels of the inflammatory cytokine IL-6 have been implicated in the patho-
genesis of OA.
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Felson et  al. found that in patients who had overweight or obesity, 10 lbs of 
weight gain increased the risk of knee OA by 40%, while 10 lbs of weight loss 
reduced the risk of knee OA. Based on estimates from the Framingham OA data, if 
men and women with a BMI > 30 kg/m2 were able to reduce enough weight to 
achieve a BMI < 30 kg/m2, it is estimated that the incidence of symptomatic knee 
OA would be reduced by 21% in men and by 33% in women.

Messier et al. prospectively studied patients with obesity and knee OA (n = 453) 
to evaluate the impact of ≥10% bodyweight loss. Knee compressive forces, IL-6 
levels, and pain scores were significantly reduced by 10%, 15%, and 45%, respec-
tively, with the greatest reductions seen in patients who lost the most weight. Niklas 
et al. showed that weight loss through dietary interventions reduced inflammatory 
cytokine IL-6 levels, whereas exercise (without weight loss) did not affect IL-6 
levels.

While previous data were inconsistent regarding the impact of obesity on post-
knee surgery complications, more recent data suggest a graded effect on complica-
tions based on the severity of obesity. A meta-analysis of 20 studies reviewing the 
impact of obesity on postoperative knee arthroplasty complications showed patients 
with a BMI  >  30  kg/m2, compared to <30  kg/m2, had increased infection rates 
(OR = 1.9), deep infections requiring surgical debridement (OR = 2.38), and an 
increased need for surgical revisions (OR = 1.3).

A recent analysis of more than 1.6 million Medicare patients undergoing total 
knee replacement between 2005 and 2011 showed increasing BMI levels 
(BMI < 30 kg/m2, BMI 30–39 kg/m2, BMI 40–49 kg/m2, and BMI >50 kg/m2) were 
associated with increased risks of local complications (postoperative infection and 
postoperative stiffness requiring manipulation under anesthesia) and systemic com-
plications (deep venous thromboses, pulmonary emboli, myocardial infarctions, 
cerebrovascular accidents, urinary tract infections, pneumonia, and renal failure). 
Patients with a BMI of >50 kg/m2 had about double the rates of complications than 
patients with a BMI of 40–49 kg/m2, triple that of patients with a BMI of 30–39 kg/
m2, and quadruple that of patients with a BMI < 30 kg/m2.

It is thought that patients with obesity and severe OA cannot lose weight due to 
reduced mobility and increased joint pain. Postoperatively, both of these factors 
improve and should facilitate weight loss. Thus, many people assume that weight 
loss improves after knee replacement surgery by increasing one’s ability to be more 
active. In fact, most patients with obesity do not lose weight after knee replacement 
surgery.

Donovan et al. showed that in the year after knee arthroplasty, while patients had 
increased mobility and less pain, there was no significant change in body weight. 
Zeni et al. showed that in the 2 years after total knee arthroplasty (TKA), 66% of 
patients gained weight with an average weight gain of 14 lbs.

Amin et al. prospectively followed up patients with a BMI > 40 kg/m2 who were 
matched with patients with a BMI < 30 kg/m2 after knee replacement. They found 
that at less than 4  years postoperatively, patients with a BMI  >  40  kg/m2 had 
increased complications and increased need for repeat knee replacement compared 
to patients who did not have obesity (25.8% vs. 0%).
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11.3.1  Musculoskeletal Summary

In summary, excess body weight is the most significant risk factor for OA of the 
knee with mechanical compressive forces on the knee amplified up to 600% for 
every pound of weight gain. Ten percent bodyweight loss has been associated with 
almost a 50% reduction in knee pain. Obesity is associated with increased need for 
knee replacement surgery, increased perioperative complications, and increased 
need for repeat joint revision surgery. While most patients report improved mobility 
and pain control after knee replacement surgery, most patients do not lose weight 
postoperatively. A BMI > 40 kg/m2 is associated with a higher need for repeat joint 
replacement surgery. Thus, weight loss should be an important focus both prior to 
and after joint replacement surgery to improve outcomes and reduce the need for 
repeat surgery.

11.4  Gastrointestinal Section: Focus on Gallstones

Obesity is commonly associated with several hepatobiliary diseases including gall-
stones, pancreatitis, and hepatic steatosis. This section focuses on gallstone disease, 
as more than 700,000 cholecystectomies are performed yearly in the USA. Nongenetic 
risk factors for gallbladder disease include female gender, estrogen, pregnancy, 
increasing age, smoking, fibrates, dyslipidemia, metabolic syndrome, obesity, and 
rapid weight loss through either meal planning or surgery.

11.4.1  Obesity Is a Significant Risk Factor for Gallstones

The Nurses’ Health Study showed that during 8 years of follow-up, there was a 
linear correlation between BMI and risk for cholecystectomy. The risk of cholecys-
tectomy was increased eightfold in women with a BMI ≥ 45 kg/m2 compared to 
those with a BMI < 25 kg/m2. Women with a BMI ≥ 30 kg/m2 and BMI ≥ 45 kg/m2 
had an approximately 1% and 2% incidence per year for cholecystectomy, 
respectively.

11.4.2  Why Does Obesity Increase the Risk of Gallstones?

More than 80% of gallstones are in the form of cholesterol gallstones, which are 
composed of conglomerates of cholesterol monohydrate crystals, mucin gel, cal-
cium bilirubinate, and proteins which grow and accumulate in the gallbladder. 
Cholesterol gallstones result from: (1) cholesterol supersaturation of bile, (2) 
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presence of a kinetic defect that allows for the nucleation and growth of cholesterol 
crystals, and (3) gallbladder hypomotility and thus bile stasis.

Cholesterol gallstones are commonly seen in patients with excess body weight 
since obesity increases the activity of 3-hydroxy-3-methyl-glutaryl-CoA reductase 
(HMG-CoA reductase), the rate-limiting step in cholesterol synthesis, thus increas-
ing cholesterol synthesis. This causes a higher rate of biliary cholesterol secretion 
resulting in highly supersaturated gallbladder bile. Weight loss reduces bile choles-
terol saturation, thus reducing the risk of stone formation. Weight regain causes a 
return to the more supersaturated bile, thus returning to baseline the risk of stone 
formation.

11.4.3  Rapid Weight Loss Can Increase the Formation 
of Stones (VLCD and Surgical)

Rapid weight loss, whether achieved through a VLCD or bariatric surgery, is associ-
ated with an increased risk of gallstones. Pooled data from multiple rapid weight 
loss studies showed that 12% of VLCD (500–800 calories/daily) patients developed 
gallstones within 26 weeks and 37% of bariatric surgery patients developed gall-
stones within 18 months. For this reason, some bariatric surgery centers recommend 
routine cholecystectomy during the bariatric surgery procedure.

Shiffman et al. showed that in women on a 520-calorie/day VLMP, a higher rate 
of monthly weight loss was associated with an increased risk of gallstones (10–15 
lbs/month = 32% risk of gallstone formation, >15–20 lbs/month = 65%, and >20 
lbs/month = 100% risk of gallstone formation).

11.4.4  Why Does Rapid Weight Loss Increase the Risk 
of Gallstones?

At baseline, patients with obesity have increased cholesterol supersaturation of bile. 
During the process of caloric restriction, gallbladder hypomotility and reduced gall-
bladder emptying may occur, contributing to stone growth. Gallbladder hypomotil-
ity and reduced emptying occur when patients consume a low-calorie meal plan and 
may be seen, especially when a meal plan contains <10 grams of fat per day.

A higher fat intake during a VLCMP reduces the risk of gallstones. Gephard 
et al. induced 22% bodyweight loss using either 520 cal/day (<2 g fat/day) versus 
900 cal/day (30 g fat/day) and gallstones developed in 66% and 0% of patients, 
respectively. Festi et al. similarly demonstrated that treating patients with a VLCMP 
using similar caloric intake (535–577 cal/day) but different fat intake resulted in a 
higher rate of gallstone formation over 3 months in patients receiving 3 grams of fat 
versus 12 grams of fat (55% vs. 0%) daily.
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11.4.5  Medical Treatments to Reduce Gallstones During 
VLCMP and Bariatric Surgery

Ursodeoxycholic acid (UDCA) (Actigall®) is a prescription bile salt that reduces cho-
lesterol secretion into bile and also improves biliary cholesterol solubility. Shiffman 
et al. prospectively studied 1004 patients with obesity undergoing a 16-week, 520-cal-
orie/day VLCMP. Escalating doses of UDCA significantly reduced the development 
of gallstones in a dose-dependent manner (placebo = 28%, 300 mg/day = 8%, 600 mg/
day = 3%, and 1200 mg/day = 2%). The recommended dose of UDCA is 600 mg/day.

Sugerman et al. prospectively studied 233 patients undergoing gastric bypass and 
also found UDCA to be effective in preventing gallstones 6 months after surgery. In 
placebo, and 300 mg and 600 mg of UDCA doses, gallstones formed in 32%, 13%, 
and 2% of patients, respectively. A total of 600 mg is an effective daily dose of 
UDCA for the prevention of gallstones during rapid weight loss after gastric bypass.

Similar benefits were found using UDCA in patients with gastric sleeve and gas-
tric band. Miller et al. prospectively treated patients with gastric sleeve or gastric 
band for 6 months with UDCA or placebo and found the risk of gallstone formation 
was reduced (3% and 22%, respectively), as well as the need for cholecystectomy 
(4.7% and 12%, respectively) at 1 year.

11.4.6  Gastrointestinal Summary

In summary, as obesity increases across our population, so does the risk of hepato-
biliary disease, gallstones, subsequent cholecystectomies, and interventional biliary 
procedures for stone management. Obesity upregulates the activity of HMG-CoA 
reductase, which increases biliary cholesterol excretion and saturation in bile. 
Therefore, obesity increases the risk of cholesterol gallstones (the most common 
type of stones). Reduction of body weight is associated with lower gallstone risk. 
However, rapid weight loss, as seen with VLCMP or bariatric surgery, can signifi-
cantly increase the risk of stone formation due to biliary stasis. The risk of biliary 
stone formation during rapid weight loss may be reduced with pharmacologic 
agents such as UDCA (to improve dissolution of stones) and through the ingestion 
of fat (>10 g) at one daily meal during VLCMP (by reducing biliary stasis).
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Pearls of Wisdom
• Adipose tissue is the largest storage organ for lipids in the human body. 

Adiposopathy leads to an inability of adipose tissue to process circulating 
fats, with the development of dyslipidemia.

• Any patient with dyslipidemia should be evaluated for overweight, obesity, 
and adiposopathy, and if present, treatment should be instituted. Conversely, 
any patient with overweight, obesity, or adiposopathy should have an 
evaluation for dyslipidemia, and if present, it should be treated.

• Dyslipidemia is one of the multiple risk factors for cardiovascular disease. 
Therefore, cardiovascular risk assessment should include the use of new 
risk equations derived from a more contemporary and diverse population, 
and initiation of treatment for dyslipidemia should be based on each 
patient’s overall risk.

• The first line of treatment for dyslipidemia should be with the highest 
intensity of a statin that will reduce cardiovascular risk while minimizing 
the risk of side effects.

• Substitution therapy with newer lipid-lowering therapies should be imple-
mented for patients who are intolerant of statins, and combination therapy 
should be used when a statin alone cannot sufficiently lower the risk of 
cardiovascular disease.
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12.1  Introduction

Adipose tissue is the largest reservoir of energy in the human body. The energy 
reserves in adipose tissue are in the form of fats collected in the fat vacuoles of adipo-
cytes and are not for immediate use. Rather, complex molecules have to be broken 
down in adipocytes, and the byproducts then have to be shuttled to other tissues. To 
the extent that adipose tissue is able to regulate the storage of energy and its distribu-
tion in times of need, the concentrations of lipoproteins and free fatty acids in the 
blood remain normal. Adipose tissue dysfunction results in derangements of the blood 
lipids. Clinically, chronic exposure to abnormal lipoprotein levels results in progres-
sion of atherosclerosis, with eventual organ damage from ischemia. This chapter will 
outline the adipose tissue handling of lipids, the derangements that develop with adi-
posopathy, the clinical impact of these derangements, and treatment options.

12.2  Role of Adipose Tissue in Lipid Metabolism

12.2.1  Adipose Tissue Contributions to Lipid Homeostasis

Triglycerides (TGs) are the largest component of adipocytes. TGs (e.g., triacylglyc-
erides) are composed of three fatty acid chains of variable lengths attached to a 
three-carbon glycerol structural backbone. Each fatty acid chain has a variable num-
ber of single and double bonds along its length. Hormone-sensitive lipase (HSL) is 
the main intracellular enzyme that catalyzes the hydrolysis of TG esters in adipo-
cytes. Hydrolysis of a TG yields a diglyceride. The diglyceride is rapidly cleaved to 
a monoglyceride by diglyceride lipase. The one remaining fatty acid is in turn 
cleaved by monoglyceride lipase. This process allows each adipocyte to release 
stored energy to meet the body’s needs (free fatty acids’ (FFAs’) outflow).

HSL is the major intra-adipocyte lipolytic enzyme affected by hormones and is 
upregulated by catecholamines (i.e., beta-adrenergic stimulation) and cortisol. HSL 
is downregulated by insulin. Through this mechanism, increased sympathetic 
nervous system activity and increased cortisol secretion are catabolic, while 
hyperinsulinemia is anabolic, with regard to TG storage in adipocytes.

FFAs are the major secretory product of adipose tissue. Circulating FFA may be 
saturated or unsaturated. The fatty acids most easily released from adipose tissue by 
HSL are shorter (16–20 carbons) and more unsaturated. The circulating levels of 
FFA are determined by:

• The fed state (digestion of fats results in the absorption of TG from the 
intestine).

• The storage capacity of adipose tissue (saturated storage prevents accretion of 
TG by adipocytes).

• The degree to which other body organs store FFA as TG.
• The degree to which body organs metabolize FFA.
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Lipoprotein lipase (LPL) is an enzyme produced by adipocytes and released into 
the extracellular space. LPL then diffuses to nearby capillaries, where it attaches to 
large, branched proteins bound to the inner capillary surface, including heparan 
sulfate proteoglycans. LPL is inactive until it becomes bound to its cofactor, 
apolipoprotein (apo) CII.  Apo CII is attached to very low-density lipoproteins 
(VLDL) when they are secreted from the liver. Chylomicrons do not initially have 
apo CII, but receive it (and apo E) from circulating high-density lipoproteins (HDL). 
In exchange, the chylomicron transfers its apoprotein A1 to the HDL. When the apo 
CII on a TG-rich lipoprotein contacts LPL on the inner surface of capillaries in 
adipose tissue, it becomes activated. LPL hydrolyzes the TG in the lipoprotein into 
FFA and monoglyceride. The lipoprotein and attached enzyme can detach from the 
capillary wall and circulate, but the hydrolysis continues as long as the enzyme 
remains attached. Human adipocytes rely upon LPL to hydrolyze circulating TG 
into FFA.  FFAs are transported into the adipocytes and are used for lipogenesis 
(FFA inflow). In the fed state, LPL interacts with chylomicrons and other TG-rich 
lipoproteins. In the fasting state, LPL mainly interacts with VLDL and other TG-rich 
lipoproteins.

In the fed state, plasma glucose levels rise. This causes the beta-cells of the pan-
creatic islets of Langerhans to secrete insulin. The blood supply of adipose tissue 
during the fed states provides higher glucose and insulin levels compared to the 
fasting state. Insulin receptor activation in adipocytes during the fed state:

• Promotes the incorporation of glucose transporter (GLUT) 4 into the adipocyte 
cell membrane, leading to glucose absorption by adipocytes.

• Stimulates extracellular LPL, leading to adipocyte uptake of FFA and resulting 
in the formation of intra-adipocyte triacylglycerols.

• Downregulates HSL, which breaks down intra-adipocyte triacylglycerols into 
fatty acids and glycerol, promoting storage in fat vacuoles.

Thus, glucose is indispensable to normal adipocyte function and lipogenesis, 
both directly and indirectly through insulin stimulation. The active influx of glucose 
into adipocytes in the fed state leads to the generation of intra-adipocyte glycerol 
3-phosphate. Glycerol originates from glucose or pyruvate, which means that 
adipocytes must have access to glucose in order to store fatty acids as TG. Glycerol 
is phosphorylated by glycerol kinase and is then acylated to fatty acid-CoA by 
glycerol-3-phosphate acyltransferase (GPAT), to form lysophosphatidic acid. 
Lysophosphatidic acid is acylated to another fatty acid-CoA by acylglycerophosphate 
acyltransferase (AGPAT), to form phosphatidic acid. Phosphatidic acid is 
dephosphorylated by phosphatidic acid phosphorylase (PAP) to form diacylglycerol 
and is then acylated to a final fatty acid-CoA by diacylglycerol acyltransferase 
(DGAT), to form triacylglycerol. By these mechanisms, glycerol is esterified to 
intra-adipocyte FFA, to form and store intra-adipocyte TG.  Largely because of 
nutrient-induced increases in insulin levels which downregulate HSL and upregulate 
LPL, FFA are dramatically decreased (by ∼70% or more) after meals. This helps 
create and “trap” circulating FFA into adipocytes.

12 Evaluation and Treatment of Atherogenic Dyslipidemia
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In the fasting state plasma glucose levels decrease to normal. This causes cessa-
tion of beta-cell stimulation in the pancreatic islets of Langerhans, with a drop in 
insulin levels. The blood supply of adipose tissue in the fasting state provides lower 
levels of glucose and insulin compared to the fed state. With fasting insulin levels, 
adipocytes lack the stimulation of LPL or downregulation of HSL by insulin. 
Adipocytes may respond to catecholamine and atrial natriuretic peptide stimulation 
of HSL, which then promotes lipolysis in the fasting state. Growth hormone and 
cortisol contribute to lipolysis during prolonged physical activity. All of this leads 
to increased FFA release from adipocytes, increased circulating FFA, increased FFA 
available to the muscle for beta-oxidation (FFAs are a primary source of energy in 
the muscle), and increased FFA uptake in the liver (used for hepatic beta-oxidation, 
ketogenesis, lipogenesis, and gluconeogenesis).

12.2.2  Adiposopathy and Lipotoxicity

With the development of adiposopathy (as occurs with insufficient adipogenesis and 
impaired adipocyte function), there is inadequate storage of excessive FFA in 
adipose tissue. Excess FFAs are shunted to other body tissues, such as the liver, 
muscle, and pancreas. This leads to the deposition of FFAs in these tissues, leading 
to pathophysiological effects, often termed “lipotoxicity.”

Lipotoxicity causes dysfunction of body organs. The dysfunction is induced by 
the adverse effects of excessive free fatty acids and their products (e.g., ceramides 
and diacylglycerols). Lipotoxicity causes hepatic and muscle insulin resistance, 
decreased insulin secretion from the pancreas leading to pancreatic endocrine 
insufficiency, and dysfunction of other body organs (the heart, vasculature, kidney, 
etc.). Lipotoxicity helps explain why patients with diabetes mellitus (DM) have 
increased circulating fasting and postprandial free fatty acid levels compared to 
those without it. Insulin therapy can rapidly reduce very high TG blood levels in 
patients with hyperglycemia and poorly controlled DM. Increasing LPL activity is 
a major mechanism of action by which fibrates and omega-3 fatty acids lower TG 
levels.

Excess carbohydrate ingestion also leads to the storage of lipids in the liver (hep-
atosteatosis). Conversely, decreased carbohydrate intake (especially decreased sim-
ple sugars or carbohydrates high in glycemic index) may reduce hepatosteatosis. 
Prolonged fasting (greater than 7  days) may markedly increase circulating FFA, 
increase hepatosteatosis, increase ketosis, potentially result in a transient rise in TG 
and total cholesterol (TC), and worsen insulin sensitivity (even as glucose blood 
levels are reduced).

Lipogenesis is not exclusive to adipose tissue. Although lipogenesis is often 
thought to be virtually absent in the muscle, the liver has the enzymes for it. If 
glycogen stores are replete, additional ingested carbohydrates are converted into 
glucose 6-phosphate, which then generates acetyl-CoA through the glycolytic 
process in hepatocytes. Acetyl-CoA is used by hepatocytes to form fatty acids that 
combine with glycerol to form hepatic TG (hepatic lipogenesis).
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Increased FFA delivery to the liver increases hepatic secretion of TG-enriched 
VLDL.  This is clinically manifested by elevated fasting TG levels. Once in the 
circulation, VLDL particles generated by the liver undergo enzymatic exchanges 
with other lipoprotein particles such as HDL and low-density lipoproteins (LDL), 
via cholesteryl ester transfer protein (CETP). The resulting TG-rich lipoprotein 
particles are subjected to various lipases. The HDL particles become smaller and are 
more apt to undergo metabolism and excretion by the kidney, resulting in low HDL 
cholesterol levels. When TG-rich LDL particles interact with lipases, they may also 
become smaller and denser. The VLDL particles may undergo further lipolysis, 
resulting in VLDL remnants, which are also atherogenic.

Thus, adiposopathy causes:

• Hypertriglyceridemia
• Low HDL cholesterol (HDL-C)
• Small, dense LDL cholesterol (LDL-C)
• VLDL remnants

These lipid changes from adiposopathy are distinct from other atherogenic dys-
lipidemias such as isolated severe hypercholesterolemia, which is often the result of 
genetic disorders.

12.2.3  Adiposopathy and Cardiovascular (CV) Risk

Irrespective of the CV risk conveyed by elevated LDL-C plasma levels, the dyslip-
idemia of adiposopathy predicts the majority of the increased risk of CV disease in 
patients with overweight or obesity. Each component of atherogenic dyslipidemia 
predicts CV disease, but low HDL-C is the best predictor. There is an inverse rela-
tionship between HDL-C levels and the incidence of CV disease. Even if LDL-C 
levels are lowered below 70 milligrams (mg)/deciliter (dL), low HDL-C conveys 
increased risk of CV disease. Therefore, HDL-C has an atheroprotective effect. 
HDL-C is responsible for reverse cholesterol transport—shuttling of cholesterol 
from peripheral tissue (including adipose tissue) to the liver. Cholesterol may then 
be excreted in the feces. In addition, HDL-C inhibits thrombosis, oxidation, and 
inflammation.

Hypertriglyceridemia independently predicts CV disease. Hypertriglyceridemia 
almost invariably accompanies a low HDL-C.  The predictive power of 
hypertriglyceridemia for CV disease persists after adjusting for HDL-C levels. In a 
meta-analysis of 21 population-based prospective studies involving a total of 65,863 
men and 11,089 women, an 89 mg/dL rise in plasma TG led to a 32% increase in 
coronary artery disease in men (relative risk or RR, 5 1.30; 95% confidence interval 
or CI, 1.25–1.35) and a 76% increase in women (RR, 51.69; 95% CI, 1.45–1.97). 
This increased risk was independent of TC, LDL-C, HDL-C, BMI, blood pressure, 
or diabetes. The goal of treatment is therefore to return TG levels to less than 
150 mg/dL. Patients with high (200–499 mg/dL) or very high (≥500 mg/dL) TG 
levels should have the non-HDL-C calculated:
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(non-HDL Cholesterol) = Total cholesterol – (HDL – cholesterol)

Both TC and HDL-C may be directly measured regardless of the fed state. Non-
HDL-C assists in the risk stratification of these patients and includes all athero-
genic particles, including LDL-C, intermediate-density lipoproteins, VLDL-C, 
VLDL remnants, chylomicron remnants, and lipoprotein (a) (Lp(a)). Non-HDL-C 
is also useful for patients with diabetes, and/or established arteriosclerotic CV 
disease.

For all patients, TG levels should be part of routine lipid screening, which 
requires a fasting lipid panel. Moderate elevations of the TG (≥150 mg/dL) may 
identify individuals with adiposopathy and insulin resistance. TG levels ≥200 mg/
dL help identify individuals at substantially increased risk for CV disease.

Apo B is present in each potentially atherogenic particle. The apo B level in the 
circulation directly reflects the number of circulating atherogenic particles. As is the 
case with non-HDL-C, apo B does not require that a patient be fasting for it to be 
accurately measured. Apo B is useful to assess residual risk for CV disease once the 
LDL-C and non-HDL-C are treated to goal.

In 2001, the National Cholesterol Education Program, Adult Treatment Panel III, 
included high TG and low HDL-C as two of five elements defining the metabolic 
syndrome. High blood pressure, high blood sugar, and high waist circumference 
were the other three elements. When the international classification of diseases 
included a billing code for this cluster of CV risk factors, it was for “dysmetabolic 
syndrome.” The inclusion of waist circumference strongly tied adipose tissue intra-
abdominal mass to CV risk and adiposopathy as a key element. There have been 
refinements to the clustering of findings that make up dysmetabolic syndrome, to 
include insulin resistance and waist circumference thresholds for various 
populations. Indeed, insulin resistance is now known to precede the clinical onset of 
the dyslipidemia of adiposopathy.

In the broadest definition of lipid disorders, one may think of a high LDL-C as 
one category of dyslipidemia and of hypertriglyceridemia with a low HDL-C as a 
second category of dyslipidemia. Awareness of secondary causes for these two 
broad categories of dyslipidemia is important and can be addressed through the 
history, physical examination, and laboratory testing (Table 12.1). Elevated LDL-C 
has been the major target to modify the risk for CV disease. Thus, most guidelines 
have focused on intervention when the plasma levels of LDL-C are high. More 
recently, the non-HDL-C has become a treatment target as well, since it is strongly 
and directly linked to the risk for CV disease.

12.2.4  Adipocytokines and Dyslipidemia

The role of adipocytokines in lipid metabolism is still being defined. Leptin, pro-
duced by adipocytes, has both central and peripheral effects on lipids. Central 
administration of leptin in laboratory animals increases the resting metabolic rate, 
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results in lower TG content in tissues, and lowers circulating TG. On the other hand, 
the peripheral administration of leptin stimulates lipolysis of TG.

Adiponectin levels are reduced in obesity, insulin resistance, diabetes, and dys-
lipidemia. Adiponectin has anti-atherothrombotic effects, so the reduced levels in 
metabolic diseases contribute to vascular events in these patients. Adiponectin levels 
are inversely related to plasma TG and positively correlated with HDL-c levels in 
humans. The positive correlation between HDL-C and adiponectin levels is inde-
pendent of BMI and insulin resistance. The mechanisms whereby a low HDL-C 
may lead to adiponectin deficiency, or conversely, adiponectin deficiency may lead 
to a low HDL-C, are not yet defined. However, in adiponectin-deficient mice, adipo-
nectin administration improves glycemia and dyslipidemia. With adiponectin 
administration, there is increased lipid oxidation and reduced vascular thickening.

Resistin gene expression is suppressed by thiazolidinediones. Therefore, resistin 
plays a role in insulin resistance and obesity. Resistin levels are elevated in obesity 
in rodents, but human data are not congruent.

12.3  Bariatric Endocrinology and Dyslipidemia

In the National Health and Nutritional Examination Surveys, using the 1999–2002 
database, there is a relationship between BMI and the prevalence of metabolic 
diseases. The classification of metabolic diseases is based on the following 

Table 12.1 Secondary causes of dyslipidemia

Dyslipidemia phenotype Secondary cause

Elevated LDL-C Hypothyroidism
Nephrotic syndrome
Dysgammaglobulinemia
Systemic lupus erythematosus
Multiple myeloma
Progestin treatment
Anabolic steroid treatment
Cholestatic diseases of the liver (due to abnormal lipoproteins)
Protease inhibitors for the treatment of HIV infection

Hypertriglyceridemia  
and/or low HDL-C

Chronic renal failure
Type 2 diabetes mellitus
Adiposopathy, overweight, and obesity
Excessive alcohol intake
Hypothyroidism
Antihypertensive medications
Thiazide diuretics
β-adrenergic blocking agents
Corticosteroid therapy (or severe stress that increases endogenous 
corticosteroids)
Orally administered estrogens including oral contraceptives
Pregnancy
Protease inhibitors for the treatment of HIV infection
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definitions: (1) DM = diagnosed and previously undiagnosed type 1 or type 2 DM; 
(2) hypertension = administration of antihypertensive medication or systolic blood 
pressure ≥ 140 millimeters of mercury (mmHg) or diastolic blood pressure ≥ 
90 mmHg; and (3) dyslipidemia = any of the following: TC ≥ 240 mg/dL, TG ≥ 
200 mg/dL, LDL-C ≥ 160 mg/dL, or HDL-C < 40 mg/dL. For patients with a BMI 
≥ 40 kg/m2, the incidences of dyslipidemia, hypertension, and DM were 62.5%, 
44%, and 16.4%, respectively. Therefore, at a BMI ≥ 40 kg/m2, 37.5% of patients 
do not have dyslipidemia, 56% of patients do not have hypertension, and 83.6% of 
patients do not have DM. Clearly, fat mass alone does not predict metabolic diseases.

The concept that adiposopathy has to develop for metabolic diseases to follow 
underscores the need to have a diagnostic paradigm that is not based on fat mass 
alone. For the bariatric endocrinologist, metabolic derangements are a reflection of 
adipose tissue dysfunction. Therefore, a primary goal of treatment is to reverse 
adiposopathy, which in turn translates into improvement in metabolic parameters. 
This incorporates all clinical tools available for the treatment of each metabolic 
disorder but also aggressively reducing fat mass with all available means.

In the 1940s, CV events were diagnosed and treated. There was no insight as to 
the causes of CV events. With the inception of the Framingham Heart Study in 1948 
began the quest for identifying these causes. In 1957, high blood pressure and high 
plasma TC were highly correlated to CV events. In 1961, the term “risk factor” was 
introduced into the literature to focus attention on modifiable clinical conditions, 
which, when treated, might decrease the likelihood of a vascular event. In 1962, 
tobacco use was associated with CV disease. Over time, many additional risk factors 
for CV disease have been identified. Although some are not modifiable, where 
possible, treatment of these risk factors became the primary prevention of CV 
disease (Table 12.2). Preventing subsequent vascular events became the secondary 
prevention. The identification of CV risk is now aided by risks calculators that are 
offered by various organizations. This helps stratify the magnitude of CV risk.

Then the question became, what are risk factors for the risk factors of CV dis-
ease? How can we prevent CV risk factors to begin with? The medical community 
came up with new definitions which included insulin resistance, dysmetabolic 
syndrome, prediabetes, impaired fasting glucose, glucose intolerance, and 
prehypertension. Intervention here became the new norm, and it became the primary 
prevention of CV disease. Traditional risk factor modification became the secondary 
prevention, and preventing subsequent vascular events once one had occurred now 
became the tertiary prevention (Fig. 12.1). Thus, treating overweight or obesity, and 
modifying adiposopathy, become the primary prevention target for the bariatric 
endocrinologist. Prevention of overweight, obesity, and adiposopathy to begin with, 
shifts everything, making prevention of subsequent vascular events the quaternary 
prevention.

Terminology has changed over time. The pharmaceutical company Sanofi 
Aventis developed rimonabant for the treatment of obesity. Sanofi Aventis coined 
the term “cardiometabolic risk” to create a platform to launch and sell rimonabant 
for the treatment of obesity. The product never came to market because of reports of 
suicides in clinical trials. But the term remains and has become pervasive. Metabolic 
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risk develops from the accrual of fat mass and the development of adiposopathy. 
Vascular events come much later. Although popularized by some, and commercialized 
by many, the term “cardiometabolic” is best avoided.

12.4  Guidelines for the Management of Dyslipidemia

LDL levels are directly and linearly related to the risk of having a vascular event. 
The definition of an LDL-C threshold for starting lipid-lowering treatment, how-
ever, has shifted over time. In 1988, the first Adult Treatment Panel chose an LDL-C 
level of 160 mg/dL as a threshold for intervention. This was a value above which the 

Table 12.2 Cardiovascular risk factors

Nonmodifiable risk factors Modifiable risk factors

Advancing age Elevated total cholesterol
Family history of cardiovascular 
disease

Elevated LDL-C

Family history of dyslipidemia Elevated small, dense LDL-C
Chronic kidney disease Elevated low-density lipoprotein particle concentration
Male gender (vs. females before 
the menopause)

Elevated non-HDL-C

African ancestry Elevated triglycerides
Asian ancestry Elevated triglyceride-rich remnants
Poverty (a life full of stress,  
social isolation, anxiety, 
depression, and an inability to 
break out of poverty)

Low HDL-C

Apo E4 isoform Elevated Apo B
History of pre-eclampsia or 
eclampsia

Elevated lipoprotein (a)

Hyperglycemic states (prediabetes and diabetes)
Hypertension/high salt intake
Tobacco use
Increased intra-abdominal fat
Polycystic ovary syndrome
Elevated clotting factors/hypercoagulable states
Inflammatory milieu (i.e., C-reactive protein elevation)
Elevated homocysteine levels
Elevated uric acid
Sedentary lifestyle/physical inactivity
Excess alcohol ingestion
Unhealthy meal plan
Excess stress

Abbreviations: HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein 
cholesterol, Apo apolipoprotein
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risk of CV disease increased “steeply” given the data available at the time. This 
threshold also corresponded to “approximately the 75th percentile for the adult US 
population.”

The American College of Cardiology (ACC) and the American Heart Association 
(AHA) published their recommendations in 2013. The work on these 
recommendations was started by the National Heart, Lung, and Blood Institute in 
2008 and was then turned over to ACC–AHA. In these guidelines, there are four 
categories for starting treatment:

• Adults with atherosclerotic CV disease
• Adults with diabetes aged 40–75  years with LDL-C levels between 70 and 

189 mg/dL
• Adults with LDL-C levels of 190 mg/dL or higher
• Adults aged 40–75 years of age who have LDL levels between 70 and 189 mg/

dL and 7.5% or greater 10-year risk of atherosclerotic CV disease

There has been debate about the appropriate treatment targets for dyslipidemia. 
The methodology used by the ACC–AHA, and the questions asked, led to the 
conclusion of the committee that there was no scientific evidence to support specific 
treatment goals for either LDL-C or HDL-C. All trials of various statins available 
for review compared drug to placebo, and did not have a specific LDL treatment 
target. The committee recommended follow-up measurements of LDL-C solely for 
the assessment of adherence to treatment, comparing each patient to their baseline. 
No LDL targets were provided.

PREVENTION

Dysmetabolic
Syndrome

Pre-
Diabetes

CV Risk
Factors

Vascular
EventIFGOverweight

& Obesity

Primary

Primary

Secondary

Primary Secondary

Primary

© MNCOME

Tertiary

Tertiary Quaternary

Secondary

Healthy Adiposopathy → DM-2
Dyslipidemia
Hypertension

Fig. 12.1 Development and prevention of cardiovascular disease. Awaiting for a vascular event to 
happen makes prevention of any subsequent events the primary prevention. Interventions to mod-
ify known cardiovascular risk factors make prevention of any subsequent events secondary preven-
tion. Interventions to modify the risk factors of the known cardiovascular risk factors make 
prevention of any subsequent events tertiary prevention. Early intervention to preserve a healthy 
lifestyle and prevent the development of overweight, obesity, and adiposopathy makes prevention 
of any subsequent events quaternary prevention. Abbreviations: IFG impaired fasting glucose, 
DM-2 type 2 diabetes mellitus, CV cardiovascular, MNCOME Minnesota Center for Obesity, 
Metabolism and Endocrinology, PA
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The ACC–AHA recommendations ran counter to those of other major organiza-
tions, including the American Association of Clinical Endocrinologists’ (AACE) 
Guidelines for Management of Dyslipidemia and Prevention of Atherosclerosis 
(March and April 2012), the European Atherosclerosis Society consensus statement 
on treating familial hypercholesterolemia (August 2013), and the National Lipid 
Association Recommendations for Patient-Centered Management of Dyslipidemia 
(September 2014), all of which maintained specific LDL-C targets in the manage-
ment of dyslipidemia.

Published data subsequent to the ACC-AHA review warranted the change, since 
new evidence does suggest that the lower the LDL-C, the lower the risk of vascular 
events. In IMPROVE-IT (IMProved Reduction of Outcomes: Vytorin Efficacy 
International Trial), published in 2015, among individuals with recent acute 
coronary syndrome, the addition of ezetimibe to moderate-intensity statin therapy 
reduced the incidence of CV mortality, major CV events, or nonfatal stroke, when 
compared to statin therapy alone. The inclusion criteria included an LDL-C ≥ 50 mg/
dL, and the average baseline LDL-C was 94 mg/dL. At the 1-year observation point, 
the LDL-C was 69.9 mg/dL in the stain group and 53.2% in the statin plus ezetimibe 
group (p < 0.001).

JUPITER (Justification for the Use of Statins in Prevention: an Intervention Trial 
Evaluating Rosuvastatin) randomized nearly 18,000 patients with normal lipids and 
elevated highly sensitive C-reactive protein (HS-CRP) to treatment with either 
rosuvastatin or placebo. Patients were followed to their first CV event. Among 
patients with normal LDL-C, but elevated HS-CRP, rosuvastatin reduces the 
incidence of CV events. The LDL-C values, comparing drug versus placebo, at 
12 months were 55 versus 110, at 24 months were 54 versus 108, at 36 months were 
53 versus 106, and at 48 months were 55 versus 109 mg/dL, respectively.

Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors are the latest 
addition to the pharmacotherapy for dyslipidemia. Consistently, in their clinical 
trials, LDL-C levels already under treatment are driven further down. For example, 
in the FOURIER (Further Cardiovascular Outcomes Research with PCSK9 
Inhibition in Subjects with Elevated Risk) trial, the LDL-C was reduced by 59% 
from a median of 92 to 30  mg/dL in the evolocumab group. This resulted in 
additional reductions in cardiovascular events compared to placebo.

The latest recommendations issued by the AACE put treatment targets back and 
are the most appropriate document to guide treatment of patients with overweight, 
obesity, and adiposopathy, given these new findings (Table 12.3).

12.5  Management of Dyslipidemia

The management of dyslipidemia in patients with overweight, obesity, and adipo-
sopathy starts with lifestyle changes that include increased physical activity 
(increased caloric expenditure), decreased caloric intake (controlled portions with a 
high content of nondigestible carbohydrate), and modification of ingested fats. 
Table 12.4 reviews the effects of ingested fats on the lipid profile.
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It is best to avoid the terms “diet” and “exercise” in counseling patients. Each 
implies short-lived interventions. Rather, the emphasis should be on life-long, 
ongoing meal-planning, healthy eating, and good nutrition; and physical activity 
that is daily, realistic, achievable, sustainable, and incremental over time. The 
physical activity recommendations for weight management, which are also the 
ones for lipid management, are included in Chap. 20 of this textbook. A healthy 
lifestyle is paramount to reverse the metabolic changes of adiposopathy, including 
dyslipidemia.

12.5.1  Medical Nutrition Therapy

Chapter 19 in this textbook is dedicated to nutritional interventions for weight man-
agement and includes a section on nutritional management of lipid disorders. Patient 
education to achieve effective changes in the meal plan (nutritional intervention) 
should be implemented early on, and continued. It is best to approach medical nutri-
tion therapy as a team, including registered dieticians in the practice. And it is very 

Table 12.3 ASCVD risk categories and cholesterol treatment goals

Risk 
category Risk factors and 10-year risk

Treatment goals

LDL-C 
(mg/dL)

Non-
HDL-C 
(mg/dL)

Apo B (mg/
dL)

Extreme 
risk

Progressive ASCVD including unstable 
angina in patients after achieving an 
LDL-C < 70 mg/dL
Established clinical ASCVD in patients 
with DM, CKD 3/4, or HeFH
History of premature ASCVD (<55 males, 
<65 females)

<55 <80 <70

Very high 
risk

Established or recent hospitalization for 
ACS, coronary, carotid or peripheral 
vascular disease, 10-year risk >20%
Diabetes or CKD 3/4 with 1 or more risk 
factor(s)
HeFH

<70 <100 <80

High risk ≥2 risk factors and 10-year risk 10–20%
Diabetes or CKD 3/4 with no other risk 
factors

<100 <130 <90

Moderate 
risk

≤2 risk factors and 10-year risk <10% <100 <130 <90

Low risk 0 risk factors <130 <160 Not 
recommended

Adapted from: Jellinger et al. (2017)
Abbreviations: Apo apolipoprotein, ASCVD atherosclerotic cardiovascular disease, CKD chronic 
kidney disease, DM diabetes mellitus, HDL-C high-density lipoprotein cholesterol, HeFH 
heterozygous familial hypercholesterolemia, LDL-C low-density lipoprotein cholesterol
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important to include the family members of the patient in the process of modifying 
the meal plan.

12.5.2  Pharmacotherapy

The literature on pharmacotherapy for dyslipidemia is vast. It is beyond the scope 
of this chapter to address all aspects of clinical use of each class of agents. Table 12.5 
provides a summary of the lipid-lowering medication classes, their major mechanism 
of action, and the effects on the lipid profile. The sections below provide an overview 
of most of these medications. A discussion of pharmacotherapy in patients with 
concomitant diseases, such as DM, renal failure, or cirrhosis, is not included in the 
summary below. It is of note that the vast majority of the literature on pharmacotherapy 
for lipid disorders does not address adiposopathy, overweight, or obesity, other than 
a tacit acknowledgment of weight gain as a CV risk factor.

Ingested fat  TC LDL-C HDL -C TG Food Sources 

Trans fat  Raises Raises Lowers Raises 
Pre-packaged foods  
Processed foods  

Saturated  
fat  

Raises Raises Lowers Raises 

Animal fats  
Cocoa butter (chocolate)  
Coconut oil  
Palm oil  
Hydrogenated vegetable oil  

Polyunsaturated  
fat  

Lowers Lowers Lowers Lowers 

Safflower oil  
Corn oil  
Soyben oil  
Cottonseed oil  
Sesame oil 
Walnuts  
Flax seed 
Fish 

Monounsaturated  
fat  

Lowers Lowers 
Maintains  
or  
Raises 

Lowers 

Olive oil  
Peanut oil  
Canola oil  
Avocados 
Nuts 
Seeds 

Omega-3 
fatty acids  

Lowers Neutral  
Neutral  
or Raises 

Lowers 
Fish 
Oysters 

Table 12.4 Effect of fat ingestion on serum lipids

Abbreviations: TC Total cholesterol, LDL low-density lipoprotein cholesterol, HDL high-density 
lipoprotein cholesterol, TG triglycerides
Colors: Bright red = very harmful, bright green = very beneficial, light green = beneficial, light 
red = harmful
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12.5.2.1  Statins

3-Hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA) reductase ((HMGCR) is 
the rate-controlling enzyme which catalyzes the conversion of HMG-CoA to meva-
lonic acid. This is a necessary step in the synthesis of cholesterol and other 

Table 12.5 Lipid-lowering medications

Medication class MOA
LDL-
C TG

HDL-
C Other

Statins
(HMGCR inhibitors)

↓ Hepatic cholesterol synthesis
(But ↑ intestinal absorption of 
cholesterol)

↓↓ ↓ ↑ ↓ apo B

Intestinal cholesterol 
transporter inhibitors

↓ Cholesterol absorption from the 
intestine
(But ↑ cholesterol synthesis in the 
liver)

↓ ↓ ↑ ↓ apo B

PCSK9 inhibitors Prevents LDL-C receptor degradation 
on hepatocytes
↑ LDL-C receptors on hepatocytes

↓↓ ↓ ↑ ↓ Lp(a)

Apo B inhibitors ↓ Formation of apoB-containing 
lipoproteins

↓↓ ↓ ↑ or
↔

↓ Lp(a)
↓ apo B

MTTP inhibitors Inhibit TG transfer to apo B-48 or apo 
B-100 in intestinal and liver cells, 
respectively
↓ formation of chylomicrons and 
VLDL
VLDL inhibition leads to LDL 
inhibition

↓↓ ↓↓ ↓ ↓ apo B

Bile acid sequestrants ↓ Bile acid absorption
↑ Hepatic conversion of cholesterol to 
bile acids
↑ LDL-C receptors on hepatocytes

↓ ↑ 
or
↔

↑ Improve
Glycemia

Fibrates
(PPAR α activators)

↑ Activity of lipoprotein lipase
↑ VLDL-C metabolism
↑ Oxidation of FFA in the muscle and 
adipose tissue
↓ TG synthesis in liver

↓ or
↑

↓↓ ↑ ↓ apo B

Nicotinic acid
(niacin)

↓ Production of VLDL-C
↓ Lipolysis in adipocytes

↑ or
↔

↓↓ ↑↑ ↓ apo B

Omega-3 fatty acids ↑ or
↔

↓↓ ↑ or
↔

↓ apo B

Abbreviations: apo apolipoprotein, FFA free fatty acids, HDL-C high-density lipoprotein 
cholesterol, HMGCR 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase, LDL-C low-density 
lipoprotein cholesterol, Lp(a) lipoprotein (a), MOA mechanism of action, PCSK9 proprotein 
convertase subtilisin/kexin type 9, PPAR peroxisome proliferator-activated receptor, MTTP 
microsomal triglyceride transfer protein, TG triglycerides, VLDL-C very low-density lipoprotein 
cholesterol
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isoprenoids. HMGCR inhibitors therefore significantly lower the rate of production 
of cholesterol. These medications are known as “statins.” Statins that are approved 
for use in the USA are discussed in this section.

There are overwhelming data from randomized clinical trials that statins lower 
the LDL-C and the risk of CV events, compared to placebo. This holds true for both 
primary and secondary prevention of CV events. In May 2016, the Food and Drug 
Administration (FDA) approved a generic preparation of rosuvastatin, making it the 
last patented medication to go generic in this drug category in the United States. 
Statins are now all generic medications. Because they are safe, effective, and cost 
effective, statins are the first line of pharmacotherapy for the treatment of 
dyslipidemia.

Statins are indicated for the treatment of primary hypercholesterolemia, mixed 
dyslipidemia, and familial hypercholesterolemia. In patients with dyslipidemia but 
without clinical evidence of vascular disease, they are indicated for the primary 
prevention of myocardial infarction, to decrease the risk of myocardial 
revascularization procedures, and to decrease the risk of cardiovascular death. In 
patients with established cardiovascular disease, statins are indicated for secondary 
prevention, to decrease the risk of coronary death, myocardial infarction, myocardial 
revascularization procedures, stroke, transient ischemic attacks, and the progression 
of CV disease.

Statin therapy may be refined in terms of intensity of treatment. When an LDL-C 
reduction of over 50% is needed, high doses of atorvastatin or rosuvastatin are 
needed. Medium (LDL-C reduction of 30–50%) and low (LDL-C reduction of 
<30%) intensity doses of various statins broaden the therapeutic options 
(Table 12.6).

Statins are contraindicated in pregnancy and lactation, and with the concomitant 
administration of potent cytochrome (CY)-P3A4 inhibitors (itraconazole, 
ketoconazole, protease inhibitors, erythromycin, clarithromycin, telithromycin, and 
nefazodone) or CY-P2C9 inhibitors (relative contraindication, not dependent on 
CY-P450 statin metabolism).

Statins are relatively contraindicated in patients older than 70 years, with stages 
4 and 5 kidney failure, uncontrolled hypothyroidism, a personal or family history of 
muscular disorders, a personal history of muscular toxicity with a statin or fibrate, 
and active alcoholism.

Statins are well tolerated, and the dropout rate in clinical trials as a result of any 
adverse event was <10%. The statin dropout rates were similar to those of patients 
taking placebo. Less than 1% were serious adverse events. Skeletal muscle toxicity, 
hepatotoxicity, hypersensitivity reactions to any statin or the excipients, dyspepsia, 
sleep disturbance, memory loss, and mood changes are the most common adverse 
events associated with statin use.

The incidence of muscular adverse events in 180,000 patients who were included 
in 21 major statin trials, with an average duration of 3  years, was 1.5–3% for 
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myalgia, 5/100,000 for myopathy with documented creatine kinase elevation, and 
1.6/100,000 for rhabdomyolysis. Most of these events occur within the first 3 months 
of statin therapy. High-dose statin therapy increases the prevalence of muscle 
complaints to 5.1–18.2% depending on the statin used. Simvastatin high-dose 
therapy (40–80 mg per day) had the highest prevalence of muscle complaints, so 
this high dose is to be used with caution, if at all.

In February 2012, the FDA issued a consumer update on statins:

• It acknowledged the possibility of muscular adverse events.
• The FDA recommended that liver enzyme testing be done at the onset of statin 

therapy, and if symptoms of liver damage develop. Regular monitoring of liver 
function is no longer recommended for statin therapy.

Table 12.6 Statin dosing

Statin Statin dose (mg)

LDL-C reduction
<30%
(Low intensity)

30%–50%
(Moderate intensity)

>50%
(High intensity)

Atorvastatin
(Lipitor®)

10 √
20 √
40 √
80 √

Fluvastatin
(Lescol®)

20 √
40 √

Lovastatin
(Mevacor®)
(Altocor®, 
Altoprev®)

20 √
40 √
40 BID √
XL 80 √

Pitavastatin
(Livalo®)

1 √
2 √
4 √

Pravastatin
(Pravachol®)

10 √
20 √
40 √
80 √

Rosuvastatin
(Crestor®)

5 √
10 √
20 √
40 √

Simvastatin
(Zocor®)

10 √
20 √
40 √
80 √a

Abbreviations: BID twice daily, mg milligram, NA not applicable, LDL-C low-density lipoprotein 
cholesterol, XL extended release
aThe 80-mg dose of simvastatin should be restricted to patients who have been taking simvastatin 
80 mg chronically (e.g., for 12 months or more) without evidence of muscle toxicity. Patients on 
lower doses of simvastatin should not be titrated to the 80-mg dose
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• New-onset diabetes is associated with statin use, is dose related and is less com-
mon with pravastatin and pitavastatin. Patients on statin therapy should have 
periodic reassessment of their glycemic status. The clinical benefits of statin use 
are such that their use should be continued, and the hyperglycemia should be 
addressed as a separate issue.

Statins have effects on adipose tissue:

• They upregulate HSL expression, which enhances lipolysis and decreases lipid 
accumulation. This in turn prevents adipocyte hypertrophy.

• Intensive statin therapy causes regression of the epicardial fat pad.
• They increase LPL activity, contributing to reductions of VLDL-C and TG.
• They decrease the secretion of inflammatory cytokines from adipose tissue.
• They inhibit leptin expression.
• They improve insulin sensitivity with no changes in body weight or adipose tis-

sue mass.
• They inhibit adipogenesis.

12.5.2.2  Intestinal Cholesterol Transporter Inhibitors

Sterol transporter Niemann-Pick C1-Like 1 (NPC1L1) is involved in the intestinal 
uptake of cholesterol and phytosterols. Ezetimibe (Zetia®), which is the only agent 
in this drug category, became available for generic use in the USA as of 2017, and 
blocks this transporter, reducing the absorption of fat from ingested meals.

Ezetimibe has beneficial effects on all lipid parameters and is synergistic with 
statins. It is indicated for the reduction of elevated TC, LDL-C, apo B, and 
non-HDL-C:

• As monotherapy or in combination with a statin in patients with primary (hetero-
zygous familial and nonfamilial) hyperlipidemia

• In combination with fenofibrate in patients with mixed hyperlipidemia

Ezetimibe is also indicated:

• In combination with a statin to lower TC and LDL-C in patients with homozy-
gous FH, as an adjunct to other lipid-lowering treatments (e.g., LDL apheresis), 
or if such treatments are unavailable

• As monotherapy to lower elevated sitosterol and campesterol levels in patients 
with homozygous familial sitosterolemia

Ezetimibe is contraindicated in combination with a statin in patients with active 
liver disease or unexplained, persistent liver enzyme elevations, or known 
hypersensitivity to the drugs. It is contraindicated for use in nursing mothers or 
women who are pregnant or may become pregnant.

The incidence of adverse events for ezetimibe was similar to placebo in clinical 
trials. When used with a statin, it may cause liver enzyme elevation.
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12.5.2.3  PCSK9 Inhibitors

PCSK9 binds the LDL-C receptor, resulting in its degradation and leading to a 
reduction in LDL-C receptor activity. Individuals who have loss of function 
mutations of the gene encoding for PCSK9 get a phenotype of low LDL-C and a 
reduction in CV risk. PCSK9 inhibitors are monoclonal antibodies directed against 
PCSK9. They are available for subcutaneous injection every 2–4 weeks. The loss of 
PCSK9 activity results in higher LDL-C receptor activity, which reduces LDL-C 
levels in the circulation within days.

There are two PCSK9 inhibitors in the market as of 2017, and others under 
development. Alirocumab (Praluent®—Sanofi) and evolocumab (Repatha®—
Amgen) entered clinical trials in 2009 for a wide variety of lipid disorders and on a 
variety of background therapies. In addition to lowering the LDL-C, they raise the 
HDL-C and lower the TG. An additional effect has been a consistent reduction in 
LP(a) of 25–30%.

PCSK9 inhibitors are approved for use in adults with heterozygous familial 
hypercholesterolemia (FH), or clinical atherosclerotic CV disease, not treated to 
goal on maximally tolerated statin therapy. Evolocumab is approved for homozygous 
FH patients ages 13 or older.

Three-year data with PCSK9 inhibitors show that they are safe. A few injection 
site reactions have been reported, but like other injectable proteins, there are no 
issues with the subcutaneous delivery. No serious adverse events have been reported 
in the more than 40,000 patients who have been treated with PCSK9 inhibitors. The 
manufacturers and FDA regulators had concerns about the patients who achieved 
very low LDL-C levels (<25 or <15 mg/dL), but there are no differences in adverse 
events compared to those with higher LDL-C, or those treated with placebo or 
standard of care.

12.5.2.4  Apo-B Synthesis Inhibitors

Mipomersen (Kynamro®) is an oligonucleotide inhibitor of apo B-100 synthesis. 
Apo B is the principal apolipoprotein of LDL and its metabolic precursor, 
VLDL.  Mipomersen crosses the hepatocyte and nuclear membranes, and in the 
nucleus, it inhibits the synthesis of apo-B by sequence-specific binding to its mes-
senger ribonucleic acid (mRNA). Sequence-specific binding to apo-B mRNA 
results in the degradation of the mRNA through enzyme-mediated pathways, or 
disruption of mRNA function through binding alone.

Mipomersen thus prevents translation to form apo-B, decreased formation of apo 
B-containing lipoproteins, including LDL-C (40–50% reduction). Mipomersen also 
decreases Lp(a) concentrations.

Mipomersen is approved by the FDA only as an orphan drug and is indicated as 
an adjunct to lipid-lowering medications to reduce LDL-C, apo B, TC, and non 
HDL-C in patients with homozygous FH.  Mipomersen minimizes the need for 
apheresis in these patients.
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Mipomersen is contraindicated in patients with moderate or severe hepatic 
impairment (Child–Pugh category B or C), as well as in patients with active liver 
disease or persistent elevated serum transaminase levels.

Side effects of mipomersen include injection site reactions in 88.5% of patients, 
influenza-like symptoms in half the patients, and nausea in 11% of patients. Hepatic 
steatosis with elevated liver enzymes was documented in up to a third of the patients. 
The FDA has restricted mipomersen and made it available only through a risk 
evaluation and mitigation strategy (REMS). Prescribers and pharmacies need 
additional certification to prescribe and dispense the medication.

12.5.2.5  Microsomal Triglyceride Transfer Protein (MTTP) Inhibitors

MTTP catalyzes the transport of triglyceride, cholesterol ester, and phospholipid 
across phospholipid surfaces. Lomitapide (Juxtapid®) directly binds and inhibits 
MTTP, which resides in the lumen of the endoplasmic reticulum. By doing so, 
lomitapide inhibits TG transfer to apo B-48 or apo B-100  in intestinal and liver 
cells, respectively, which decrease the formation of chylomicrons and VLDL. The 
inhibition of the synthesis of VLDL leads to reduced levels of plasma LDL-C and 
other apo B-containing lipoproteins.

Lomitapide is indicated as an adjunct to other lipid-lowering treatments, includ-
ing LDL apheresis where available, to reduce LDL-C, TC, apo B, and non-HDL-C 
in patients with homozygous FH. Lomitapide dosing needs to be titrated up. The 
initial dose is 5 mg once daily. The dose is then titrated up based on acceptable 
safety and tolerability to 10 mg daily after at least 2 weeks. Further titrations up on 
the dose are then done at a minimum of 4-week intervals, to 20 mg, 40 mg, and up 
to the maximum recommended dose of 60 mg daily.

The safety and effectiveness of lomitapide have not been established in patients 
with hypercholesterolemia who do not have homozygous FH.  The effect of 
lomitapide on cardiovascular morbidity and mortality has not been determined.

In clinical trials, lomitapide caused increased stool frequency, hepatic steatosis, 
and serum transaminase levels. Because of the risk of hepatotoxicity, lomitapide is 
available only through the Juxtapid REMS Program. Before treatment, measurements 
of liver enzymes, alkaline phosphatase, and total bilirubin need to be documented. 
A negative pregnancy test needs to be done for all females of reproductive potential. 
Also, before treatment, a low-fat meal plan supplying <20% of energy from fat must 
be implemented. Due to reduced absorption of fat-soluble vitamins and fatty acids, 
daily vitamin E, linoleic acid, alpha-linolenic acid, eicosapentaenoic acid, and 
docosahexaenoic acid supplements should be dosed.

12.5.2.6  Bile Acid Sequestrants

Bile acid sequestrants available for use in the USA include cholestyramine 
(Questran®, Prevalite®), colestipol (Colestid®, Flavored Colestid®), and 
colesevelam (Welchol®). They are indicated to lower the TC and LDL-C.
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Bile acid sequestrants bind bile acids in the intestine and increase the excretion 
of bile acids in the stool. This reduces the amount of bile acids returning to the liver. 
The liver is then forced to produce more bile acids to replace the bile acids lost in 
the stool. In order to produce more bile acids, the liver converts more cholesterol 
into bile acids, which lowers the level of cholesterol in the blood.

Bile acid sequestrants achieve modest reductions in LDL-C. Low doses (e.g., 8 
gram/day of cholestyramine) can lower LDL cholesterol by 10%–15%. But, even 
high doses (24 gram/day of cholestyramine) can only lower LDL cholesterol by 
25%. Therefore, bile acid sequestrants used alone are not as effective as statins in 
lowering LDL cholesterol. Bile acid sequestrants are most useful in combination 
with a statin or niacin. The combination of a statin and bile acid sequestrant can 
lower LDL-C levels by approximately 50%. The combination of a statin and niacin 
can reduce LDL-C and elevate HDL-C.

Bile acid sequestrants are not absorbed from the intestinal tract. Their pharmaco-
logical effect is all intraenteric. Bile acid sequestrants do not have systemic side 
effects, and their most common side effects are gastrointestinal.

Bile acid sequestrants can bind to and decrease the absorption (and hence the 
effectiveness) of other drugs. Warfarin, thyroid hormones, digoxin, and thiazide 
diuretics, among others, will have decreased absorption if they are co-administered 
with bile acid sequestrants. It is best if all medications are taken 1 h before or 4–6 h 
after the administration of a bile acid sequestrant. Bile acid sequestrants reduce the 
absorption of vitamins A, D, E, and K. Long-term use may thus cause a deficiency 
of these vitamins.

A beneficial effect of bile acid sequestrants is that they improve glycemia in 
patients with type 2 DM. Colesevelam now has an indication for the treatment of 
type 2 DM.

12.5.2.7  Fibrates

Fibric acid derivatives, also known as fibrates, include fenofibrate (Fenoglide®, 
Lofibra®, Lipofen®, Tricor®, Antara®, Triglide®), gemfibrozil (Lopid®), and 
fenofibric acid (Trilipix®, Fibricor®). Many of these preparations are generic and 
affordable.

Fibrates have as their main pharmacological effect a reduction of plasma TG-rich 
lipoproteins. In patients with elevated LDL-C at the onset of treatment, fibrates 
generally lower LDL-C by 20–25%. An exception to this is gemfibrozil, which 
increases LDL-C by 10–15%.

Fibrates are all indicated for treatment of severe hypertriglyceridemia 
(TG ≥ 1000 mg/dL). Fenofibrate and fenofibric acid are indicated to treat dyslipid-
emia (to decrease TC, LDL-C, triglycerides, and apo B; and to increase HDL-C). 
Gemfibrozil is the only agent in this class that is indicated for the primary prevention 
of coronary artery disease, for patients with low HDL-C and high LDL-C and TG.

An additional clinical use for fenofibrate is to lower uric acid levels in patients 
with gout (off-label use). Therefore, fenofibrate should be included in the treatment 
of hypertriglyceridemia when patients also have hyperuricemia.
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Fibrates are contraindicated in patients with stages 4 and 5 kidney failure, active 
liver disease, pre-existing gallbladder disease, and known hypersensitivity to the 
drugs. They should be held for pregnancy and lactation.

Fibrates are well tolerated, and in clinical trials, adverse events were similar to pla-
cebo. Gemfibrozil may cause gastrointestinal symptoms in up to 34% of patients when 
first started. Elevated hepatic transaminases occur in up to 7.5% of patients in those 
treated with fenofibrate, which return to normal with discontinuation of the drug. Baseline 
and periodic liver enzyme monitoring is recommended for patients on fenofibrate.

Gemfibrozil is a CY-P2C8 inhibitor and strongly increases the blood levels of its 
substrates. Among the substrates of CY-P2C8 are the statins, the thiazolidinediones, 
and repaglinide. Therefore, the risk of muscle toxicity is increased with concomitant 
use of gemfibrozil and statins. This is not so for fenofibrate or fenofibric acid. 
Gemfibrozil is best avoided when patients are being treated with any statin.

12.5.3  Other Treatment Options

Medications for weight loss, including pancreatic lipase inhibitors like orlistat, each 
have a positive impact on the lipid profile. Other interventions for weight loss, lead-
ing up to the various bariatric surgeries, all have a positive impact on the lipid profile 
too. The magnitude of weight loss is the major determinant, and the lipid parameter 
that most consistently improves is the plasma TG. Modification of secondary causes 
of hypercholesterolemia, including hyperglycemia, hypercortisolism, and hypothy-
roidism, improves the lipid profile. Lipoprotein apheresis and partial ileal bypass are 
interventions reserved for individuals with extreme elevations of the LDL-C. These 
are subspecialty interventions that require the expertise of a medical center with the 
resources to make them available.

12.6  Conclusion

Adiposopathy may develop with the accrual of adipose tissue mass. BMI alone is 
not a good predictor of the emergence of metabolic disorders in association with 
adiposopathy. Laboratory testing is necessary to identify individuals with dyslipid-
emia. Atherogenic dyslipidemia is a strong risk factor for premature CV disease. It 
is imperative to intervene early and to continue the interventions over time. In addi-
tion to healthy lifestyle changes, medical nutrition interventions, physical activity 
counseling, and education to create awareness of risk, there are many treatment 
options to help patients lose weight. Aggressive management of overweight and 
obesity are the standard of care now. Beyond this, pharmacotherapy for correction 
of dyslipidemia is appropriate for most patients. It is now clear that the lower the 
LDL-C, the lower the risk of CV events. Non-HDL-C and apo-B are now also treat-
ment targets for the prevention of CV disease, since there is residual risk (after 
LDL-C reductions) that is reflected by these numbers.
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Chapter 13
Evaluation and Treatment of Insulin 
Resistance and Hyperglycemic States

Daniel L. Hurley and Farhad Zangeneh

Pearls of Wisdom
• Adipose tissue dysfunction (adiposopathy), includes the accumulation of 

intra-abdominal fat, which leads to the development of insulin resistance 
in adipocytes, and the ectopic accumulation of lipids within the liver and 
muscle cells.

• Body mass index is useful for the initial screening classification of excess 
adiposity. However, central adiposity is superior in conferring the meta-
bolic risk of developing prediabetes and the dysmetabolic syndrome.

• Younger subjects with prediabetes have a stronger risk of developing type 
2 diabetes mellitus than their older counterparts.

• There are strong associations between the accumulation of fat mass leading 
to overweight or obesity, the development of adiposopathy with inflamma-
tion in adipose tissue and insulin resistance, and the arrival of hyperglyce-
mic thresholds to reach the diagnosis of type 2 diabetes mellitus.

• Weight loss enhances insulin sensitivity and improves glycemic control in 
patients, whether achieved through lifestyle modification, pharmacother-
apy, or bariatric surgery.
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13.1  Introduction

Obesity is a chronic disease state that is due to complex interactions among genetic, 
metabolic, environmental, and socioeconomic factors. Obesity rates have increased 
over the past few decades, and data from the National Health and Nutrition 
Examination Surveys show that approximately two-third of adults in the United States 
have overweight or obesity, and one-third have obesity. Adiposity, the accumulation 
of fat mass, is often associated with insulin resistance (IR), but not in all individuals. 
Still, overweight or obesity can worsen IR with progression to the dysmetabolic syn-
drome, prediabetes, and type 2 diabetes mellitus (T2DM) and thereby increases in the 
risk for cardiovascular (CV) disease (CVD). The main goal of overweight and obesity 
management is to improve overall health by reducing body fat and treating weight-
related complications. Weight loss enhances insulin sensitivity and improves glyce-
mic control, whether achieved through lifestyle modification, pharmacotherapy, or 
bariatric surgery. The choice of therapy depends upon both the degree of excess adi-
posity and the severity of complications related to adiposity and adiposopathy.

13.2  Pathophysiology of Hyperglycemic States

13.2.1  IR

IR may be defined as a subnormal glucose response to either endogenous or exog-
enous insulin. Exogenous insulin use may lead to the development of insulin anti-
bodies, which is one of the causes of a subnormal glucose response to insulin. With 
the advent of recombinant human insulin for the treatment of hyperglycemia, anti- 
insulin antibodies are now a less frequent cause of IR. IR is now commonly encoun-
tered in  clinical disease states such as overweight or obesity, dysmetabolic 
syndrome, prediabetes, T2DM, and polycystic ovarian syndrome. There are other 
causes of IR, some relatively uncommon (Table 13.1).

13.2.2  Hyperglycemia

Overweight and obesity, with the development of adiposopathy, can worsen IR, 
impair beta cell function, or both, and advance disease progression to the dysmeta-
bolic syndrome, prediabetes, and eventually T2DM. Prediabetes is present when 
either the fasting plasma glucose (FPG) or the 2-h plasma glucose in an oral glucose 
tolerance test (OGTT) is above normal, but below the diagnostic threshold for 
T2DM. The terms “impaired fasting glucose (IFG)” and “impaired glucose tolerance 
(IGT),” respectively, are used to define these two conditions. Although patients with 
IFG and IGT both have IR, the site of IR has been shown to differ between these two 
prediabetes states. In addition to insulin resistance in adipocytes, which contributes 
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to hypertriglyceridemia and hyperglycemia, marked muscle IR and mild hepatic IR 
are present with IGT. On the other hand, IFG has severe IR in the liver and normal or 
near-normal insulin sensitivity in the muscle. In addition, both IFG and IGT are 
characterized by a reduction in early-phase insulin secretion, but subjects with IGT 
also have impaired late-phase insulin secretion. It remains controversial whether IR 
increases with age, although two studies reported that younger individuals with pre-
diabetes have significantly more IR than their comparative older age cohorts. 
Considering an age-related deterioration of beta-cell function, a greater impairment 
in insulin secretion was present in younger versus older subjects with prediabetes. In 
addition, the younger subjects with IFG were characterized by a higher incidence of 
the development of T2DM. These disparities highlight that intervention to slow the 
progression from prediabetes to T2DM should especially target younger adults. The 
Coronary Artery Risk Development in Young Adults (CARDIA) study,  and  the 
Atherosclerosis Risk in Communities cohort study, reported a marked increased risk 
for T2DM in the presence of dysmetabolic syndrome traits. As previously men-
tioned, IFG is a component of the dysmetabolic syndrome. Thus, all patients with the 
dysmetabolic syndrome, to include those with prediabetes, should be informed of 
their increased risk for both T2DM and CVD. These patients should be counseled on 
aggressive management of their CVD risk factors.

13.2.3  Adiposopathy and Inflammation

Data from both human studies and animal models suggest strong associations 
between overweight- or obesity-related IR, chronic inflammation in adipose tissue, 
and the development of T2DM. Overweight and obesity, and in particular visceral 
adiposity, are associated with proinflammatory pathways (Fig. 13.1). The change 
from normal functioning adipose tissue to adiposopathy, with tissue inflammation, 

Table 13.1 Clinical conditions associated with IR

Chronic and common 
states associated with IR

Acute and subacute 
states causing IR Uncommon or rare causes of IR

Overweight/obesity/
adiposopathy (causal)
Dysmetabolic syndrome
Gestational diabetes
Prediabetes (IFG and IGT)
Type 2 diabetes mellitus
Polycystic ovarian syndrome

Glucocorticoid excess
Infection/inflammation
Pregnancy
Severe stress (surgery, 
sepsis, etc.)
Uremia

Anti-insulin antibodies
Insulin receptor antibodies
Insulin receptor mutations 
(leprechaunism)
Lipodystrophy (inherited leptin 
deficiency; acquired antiretroviral 
therapy)

FPG fasting plasma glucose = glucose level after >8 h of no caloric intake, OGTT oral glucose 
tolerance test = plasma glucose level 2 h after ingesting 75-g oral glucose in the morning after an 
overnight fast of >8 h, IFG impaired fasting glucose = FPG 100–125 mg/dL, IGT impaired glucose 
tolerance = OGTT 140–199 mg/dL
Type-2 diabetes mellitus = FPG ≥126 mg/dL (twice, barring acute stress), or OGTT ≥200 mg/dL, 
or symptoms of hyperglycemia (e.g., polyuria, polydipsia, and polyphagia) and a random (casual, 
nonfasting) plasma glucose ≥200 mg/dL, or A1C ≥6.5%
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is likely initiated by adipocyte hypertrophy from chronic lipid accumulation. 
Increased adipocyte size causes cellular stress with the activation of Jun N-terminal 
kinase, nuclear factor-κβ, and other stress signaling pathways. Stress signal activa-
tion in turn regulates protein phosphorylation and transcriptional events to stimulate 
fat cells, endothelial cells, and immune cells in adipose tissue. These activated fat 
cells produce proinflammatory cytokines, endothelial adhesion molecules, and pro-
inflammatory and chemotactic mediators (to include interleukin-6, interleukin 
1-beta, tumor necrosis factor-alpha, plasminogen activator inhibitor-1, monocyte 
chemoattractant protein-1, and colony-stimulating factor-1). Thus, an altered bal-
ance between metabolic and inflammatory signaling contributes to the pathophysi-
ology of IR and adiposopathy-related diseases (Fig. 13.2).

13.2.4  Beta-Cells

Pancreatic beta-cell mass is increased with overweight and obesity and decreased 
with T2DM.  In an autopsy study of 124 patients with and without T2DM and 
matched for obesity, beta-cell mass was significantly decreased regardless of 
whether they were lean or had obesity. Reduction in beta-cell mass was related to 
progression of disease and appeared to be related primarily to increased apoptosis. 
Beta-cell mass was reduced by 63% in subjects with obesity and T2DM compared 
to those who had obesity without T2DM. The observation that patients with obesity 

Normal adipose tissue

Positive energy
balance

Weight gain

Recruitment of
Monocytes &
other immune cells
to adipose tissue

Insulin sensitivity ↓
Hypoxia ↑
Adipose tissue stress ↑
(NFk-B ↑, JNK ↑)
Cell-free DNA release ↑
Proinflammatory adipokines ↑
Antigens from the gut?
Autophagy ↑
Apoptosis ↑

Adipose tissue inflammationAdipocyte hypertrophy

Chemoattractant
molecules

Nutrient flux ↑

Fig. 13.1 Potential mechanisms for the development of adipose tissue inflammation in adiposopa-
thy. (From Blüher (2016); used with permission)
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and IFG had a decrease in beta-cell volume relative to controls provides evidence 
that beta-cell loss is important in the development of T2DM.

13.2.5  Dysmetabolic Syndrome

IR with impaired glucose metabolism and fatty acid utilization has been linked to 
vascular endothelial dysfunction, systemic inflammation, dyslipidemia, hyperten-
sion (HTN), T2DM, and CVD. IR can be accurately quantified by using the eugly-
cemic insulin clamp technique, whereby insulin-induced glucose uptake is measured 
while maintaining the blood glucose at a steady concentration using dextrose infu-
sion. In population-based epidemiology studies, simple ratios derived from both 
FPG and insulin levels have been used (e.g., glucose-to-insulin ratios and homeosta-
sis model assessment of IR [HOMA-IR]). However, these techniques are impracti-
cal for clinical use. Common clinical and laboratory features of IR are listed in 
Table  13.2. The combined presence of hyperglycemia, dyslipidemia, and HTN 
defines the existence of the dysmetabolic syndrome. This textbook favors this term 
because it was used when it was added to the International Classification of 
Diseases, Ninth edition (ICD-9). Other names applied to this constellation of find-
ings have included metabolic syndrome, syndrome X, the IR syndrome, the deadly 

Lipolysis ↑
FFA ↑

Adiponectin ↓
Leptin ↑

IL-6 ↑, PAI-1 ↑
MCP-1 ↑, TNFα ↑

Glucose
uptake ↓

Adverse adipokine
secretion

Pro-inflammatory
cytokines ↑

Lipotoxicity Glucose
toxicity

Impaired insulin signaling in target tissues
Activation of pro-inflammatory pathways

Systemic insulin resistance

Fig. 13.2 Mechanistic model for the link between adipose tissue inflammation and insulin resis-
tance in adiposopathy. (From Blüher (2016); used with permission)
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quartet, and the obesity-dyslipidemia syndrome. Although the National Cholesterol 
Education Program (NCEP) Adult Treatment Panel (ATP) III is commonly cited to 
define the dysmetabolic syndrome, several differing criteria exist and can lead to 
difficulty in comparing data from human studies (Table 13.3). The National Health 
and Nutrition Examination Surveys reported a 28% increase in the prevalence of the 
dysmetabolic syndrome from 1988–1994 to 1999–2000. Contributing factors 
include an increased prevalence of obesity from 22.5% to 30.5% over the same time 
period and age-related increments in blood pressure (BP) and FPG. Dyslipidemia 
associated with IR is characterized by an excess of large, triglyceride-rich, very 
low-density lipoprotein (VLDL) particles, which are seen as elevated triglyceride 
and decreased high-density lipoprotein (HDL) cholesterol blood levels. Although 
the low-density lipoprotein (LDL) cholesterol concentration may not be elevated, 

Table 13.2 Clinical and laboratory features associated with insulin resistance

Clinical features Adiposity—central/visceral (increased waist circumference)
Adiposity—total body (elevated body mass index)
Acanthosis nigricans
Androgen excess in women (hirsutism, virilization)
Oligo- or amenorrhea
Infertility

Laboratory tests Hyperglycemia (elevated FBG and/or A1c, IFG, IGT)
Hyperlipidemia (elevated triglyceride and depressed HDL-cholesterol)
Hyperandrogenism (elevated serum testosterone, in women)
Hyperinsulinemia
Hyperleptinemia, hypoadiponectinemia, and elevated leptin  
to adiponectin ratio

Table 13.3 NCEP ATP III and IDF criteria for diagnosis of the dysmetabolic syndrome

NCEP ATP III IDF

The presence of any three of the following:
  Abdominal obesity; WC ≥102 cm (40 in.) in 

M and ≥ 88 cm (35 in.) in F
  Serum Tg ≥150 mg/dL (1.7 mmol/L), or drug 

therapy for elevated Tg
  Serum HDL-C < 40 mg/dL (1 mmol/L) in 

M and < 50 mg/dL (1.3 mmol/L) in F, or drug 
therapy for 

low HDL-C
  BP ≥130/85 mmHg, or drug therapy for 

elevated BP
  FPG ≥100 mg/dL (5.6 mmol/L), or drug 

therapy for elevated FPG

Increased WC (with ethnic-specific WC 
cut-points)a plus any two of the following:
  Tg ≥150 mg/dL (1.7 mmol/L), or therapy 

for elevated Tg
  HDL-C <40 mg/dL (1.03 mmol/L) in M 

or < 50 mg/dL (1.29 mmol/L) in F, or 
therapy for 

low HDL-C
  SBP ≥130, DBP ≥85, or drug therapy for 

elevated BP
  FPG ≥100 mg/dL (5.6 mmol/L)b, or 

previously diagnosed T2DM

BP blood pressure (S-systolic, D-diastolic), cm centimeter, dL deciliter, FPG fasting plasma glu-
cose, F females, HDL-C high-density lipoprotein cholesterol, IDF International Diabetes Federation, 
in inches, L liter, M males, mg milligrams, mmHg millimeters of mercury, mmol millimoles, NCEP 
ATP III National Cholesterol Education Program Adult Treatment Panel III, OGTT oral glucose 
tolerance test, Tg triglycerides, T2DM type 2 diabetes mellitus, WC waist circumference
aEuropid, Middle East, Eastern Mediterranean, and sub-Saharan African M ≥ 94 cm and F ≥ 80 cm. 
South and Central American, South Asian, Chinese, and Japanese M ≥ 90 cm and F ≥ 80 cm
bAn OGTT is recommended for patients with an elevated FPG, but not required
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the LDL cholesterol is packaged into smaller and denser lipoprotein particles. This 
results in a higher LDL particle concentration that is more atherogenic for any given 
level of LDL cholesterol. Elevated triglyceride and low HDL cholesterol concentra-
tions are two of the five diagnostic criteria for the dysmetabolic syndrome and pose 
an increased risk for CVD. Overweight or obesity and hypertension (HTN) frequently 
coexist, and it is estimated that 60–70% of elevated BP in adults is attributable to 
excess body fat, especially increased visceral adiposity  with adiposopathy. Cross-
sectional and longitudinal studies have reported an association between body weight 
or body mass index (BMI) and increased risk of HTN as a function of weight gain 
over time. A meta-analysis of 19 cross-sectional studies compared the performance of 
BMI against waist circumference (WC) and waist-to-hip ratio (WHR) as indicators of 
HTN risk. The incremental increases in BP and the additional risk of HTN (defined 
as SBP/DBP ≥140/90 mmHg) were broadly similar for all measures of adiposity in 
ethnically diverse populations. However, insulin sensitivity can vary fivefold among 
individuals, in a manner that is largely independent of BMI, while individuals with IR 
are at risk of developing prediabetes and/or the dysmetabolic syndrome. Adipocytes 
with IR develop when there is a redistribution of fat to the intra-abdominal compart-
ment, one of the elements of adiposopathy. IR in intra- abdominal adipose tissue leads 
to the ectopic accumulation of lipid within liver and muscle cells, another element of 
adiposopathy. A meta-analysis of 24 cross- sectional and 10 prospective studies, 
which included 512,809 subjects, documented the value of the waist-to-height ratio 
(WHtR). WHtR has a stronger association with the dysmetabolic syndrome and 
T2DM than BMI in cross-sectional studies. WHtR is superior to BMI in detecting 
CVD and mortality in prospective studies. The usefulness of WHtR appeared to be 
better in Asian populations. In another meta-analysis of 15 prospective cohort studies, 
the pooled relative risk (RR) for T2DM was 1.63 for WC, 1.62 for WHtR, 1.55 for 
BMI, and 1.52 for WHR. Thus, while excess body weight confers metabolic risk, 
most studies demonstrate that measures of central adiposity are superior to BMI in 
conferring risk of developing prediabetes or the dysmetabolic syndrome. Therefore, 
it is best to think in terms of adiposopathy as being the change in adipose tissue that 
contributes to the genesis of dysmetabolic syndrome, not sheer poundage.

There is a large body of evidence correlating higher BMI values with T2DM and 
other CV risk factors and atherosclerotic CVD. BMI is useful for the initial screen-
ing for the classification of excess weight, as it correlates with individual differences 
in adiposity and is associated with the risk of comorbidities secondary to excess 
body fat. However, BMI alone may not identify excess adiposity in all instances due 
to the variance of lean body mass (muscularity or sarcopenia) and volume status 
(dehydration or edema/ascites), especially in the overweight (BMI <30 kilogram 
(kg)/m (meter)2) and class-1 obesity (BMI 30–34.9 kg/m2) categories. In addition, 
despite strong associations, the mechanisms that link adiposity with IR and cardio-
metabolic disease risk have not been thoroughly established. The convergence of 
genetic factors that influence beta-cell function, aging, and lifestyle-related behav-
iors (both cultural and environmental, to include eating habits and level of activity) 
all play a role. Analyses of the prospective risk for T2DM in the Atherosclerosis 
Risk in Communities cohort indicated that weight gain in insulin- sensitive persons 
has no impact on CVD risk, and cumulative rates of incident T2DM remain low.    
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It is evident that some individuals with excess adiposity do not have dysmetabolic 
syndrome traits and are called “metabolically healthy obese.” We consider them 
not to have developed adiposopathy, even though they have developed adiposity. 
Physiological studies have shown that patients with obesity but without dysmeta-
bolic syndrome traits are relatively insulin sensitive, and epidemiologic data 
indicate a low risk of progression to T2DM and CVD. Thus, while BMI is impor-
tant, obesity is neither necessary nor sufficient as a predictor of T2DM. By con-
trast, weight gain in individuals with IR markedly increases the risk of 
T2DM.  Individuals with IR who undergo progressive weight gain have a rela-
tively greater accumulation of fat in visceral adipose tissue. The predictive value 
of WC is both independent of, and additive to, BMI for both T2DM and CVD 
risk, up to a BMI of <35 kg/m2. WC is a strong predictor of both all-cause and 
CV-related mortality.

13.3  T2DM

13.3.1  Epidemiology

Among adults in the United States, one-third have obesity and >  11% have 
T2DM. The majority of patients with T2DM have overweight or obesity, and the 
prevalence of diabetes is estimated to increase to >20% by 2050. The risk of T2DM 
increases with increasing BMI values in women and men. A meta-analysis of 32 
studies conducted in multiple countries between 1985 and 2004 found that the 
pooled RR for incident T2DM was 1.87 for every standard deviation increase in 
BMI. Another meta-analysis of 18 prospective cohort studies documented an RR of 
T2DM of 2.99 and 7.19 for patients who had overweight or obesity, respectively, 
when compared to persons of normal weight. In addition to baseline BMI, weight 
gain is also a risk factor for T2DM. A meta-analysis of 15 prospective cohort studies 
found a pooled RR for incident T2DM was 3.07 and 2.12 for a 5-kg/m2 increment 
in BMI occurring earlier versus later in adulthood, respectively.

13.3.2  Approach to the Patient with T2DM

There is a risk continuum for poor clinical outcomes in the progression from normal 
glucose tolerance to overt T2DM.  The American Association of Clinical 
Endocrinologists (AACE)/American College of Endocrinology (ACE) clinical prac-
tice guidelines for obesity outline a complication centric approach to assess and treat 
patients with increased adiposity. Guidelines are also available for the treatment of 
patients with T2DM. All patients should have an annual height and weight measured 
for the calculation of BMI. The BMI and WC should be included as vital signs at 
every encounter in the bariatric endocrinology practice. If either the BMI or WC is 
increased, then an assessment of BP, FBG, and lipids is indicated. Epidemiologic 
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evidence shows a continuous relationship between hemoglobin A1c (A1C) and CV 
and all-cause mortality. The lowest rates of CV and all-cause mortality are at A1C 
levels <5%. A1C values between 5.5% and 6.4% inclusive should signal consideration 
for specific glucose testing, especially in patients with overweight or obesity. However, 
the A1C should be used only as a screening tool for prediabetes or diabetes. Table 13.1 
outlines the diagnostic criteria for prediabetes (IFG and IGT) and T2DM. Dysmetabolic 
syndrome, prediabetes, or T2DM should be aggressively treated.

In addition to lowering glucose, the priority in hyperglycemia management is to 
minimize the risks of hypoglycemia and weight gain. Intensive lifestyle interven-
tion can improve fitness, glycemic control, and CV risk factors with a relatively 
modest decline in body weight. Weight loss lowers A1C while also producing sig-
nificant improvement in BP and lipids, and it can decrease the need for diabetes 
medications. Weight loss enhances insulin sensitivity and improves glycemic con-
trol in patients with T2DM, whether achieved through lifestyle modification, phar-
macotherapy, or bariatric surgery. Comprehensive lifestyle modification is 
generally recommended for all individuals with overweight or obesity, either as the 
only initial approach to weight loss or in combination with weight-loss medica-
tions or bariatric surgery. Lifestyle modification incorporates behavioral therapy, 
physical activity, and medical nutrition therapy. However, the addition of weight-
loss medications consistently results in a greater degree of weight loss than life-
style alone. Weight-loss medications have been shown to be superior to intensive 
lifestyle intervention alone in slowing progression from prediabetes to 
T2DM.  Bariatric surgery achieves excellent and superior glycemic control to 
intensive lifestyle intervention and reduces CV risk factors. Glycemic control 
improves rapidly after bariatric surgery, even before significant weight loss has 
occurred, and the majority of patients are able to reduce or even eliminate their 
dependence on diabetes medications. Although additional studies are needed to 
demonstrate long-term benefits, bariatric surgery should be considered as a diabe-
tes treatment option in patients with class III obesity (BMI ≥40 kg/m2), with class 
II obesity (BMI 35.0–39.9 kg/m2) when T2DM is inadequately controlled by medi-
cal therapy, and with class I obesity (BMI 30.0–34.9 kg/m2) if hyperglycemia is 
inadequately controlled despite optimal treatment with either oral and/or inject-
able diabetes medications.

13.3.3  Pharmacotherapy for T2DM

Complete descriptions of antihyperglycemic agents, their mechanisms of action, 
and rationale for use can be found in the 2015 AACE and ACE comprehensive dia-
betes management algorithm consensus statement and clinical practice guidelines, 
as well in the American Diabetes Association (ADA) standards of medical care in 
diabetes. Existing pharmacotherapy strategies include stimulating insulin release, 
adding exogenous insulin, reducing hepatic glucose production, decreasing renal 
glucose transporter activity, and increasing or mimicking glucagon-like peptide-1 
(GLP-1) activity.
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As monotherapy progresses to combination therapy for glucose control, there 
can be an increased risk of hypoglycemia and weight gain. Complex treatment regi-
mens that include hypoglycemia risk require regular glucose monitoring, often sev-
eral times a day during insulin administration.

Patients with T2DM tend to have slightly more difficulty achieving and maintain-
ing weight loss than those without it. One reason that weight-loss attempts may 
sometimes be slightly less effective in diabetes is that several medications used to 
treat diabetes result in weight gain. Clinicians should discuss with their patients the 
possible weight effects of glucose-lowering medications and consider the use of dia-
betes medications that promote weight loss or are weight neutral. Sulfonylureas, thia-
zolidinediones (TZDs), and insulin all cause weight gain. Insulin has the largest 
weight increase with an average gain of 4.0 kg more than conventional therapy at 
10  years in the United Kingdom Prospective Diabetes Study. Metformin and 
dipeptidyl- peptidase-4 (DPP-4) inhibitors are weight neutral, whereas GLP-1 recep-
tor agonists and sodium glucose transporter-2 (SGLT-2) inhibitors lead to weight 
loss. Metformin carries a low risk of hypoglycemia, produces durable antihypergly-
cemic effects, and is also effective when used in combination therapy. Sulfonylureas 
and glinides increase insulin secretion in a glucose-independent fashion. Sulfonylureas 
can cause hypoglycemia and may reduce, eliminate, or minimize the weight-loss 
benefit of drugs such as metformin, GLP-1 receptor agonists, and SGLT2 inhibitors. 
Although TZDs cause weight gain, they have been shown to improve insulin sensitiv-
ity and to preserve or improve beta-cell secretory function in patients with T2DM. The 
GLP-1 receptor agonists and DPP-4 inhibitors are incretin-based therapies that 
increase insulin secretion in a glucose-dependent manner. The “incretin effect” is the 
observation that an oral glucose load produces a greater insulin response than that of 
an iso-glycemic intravenous glucose infusion. This difference has been attributed to 
the gastrointestinal peptides GIP (glucose- dependent insulinotropic peptide) and 
GLP-1 that are secreted by endocrine cells in the epithelium of the small intestine in 
response to glucose. Glucose appears in the digestive tract following the absorption 
of ingested carbohydrates and activates a feed-forward mechanism that increases GIP 
and GLP-1 secretion. GIP and GLP-1 then target the pancreatic beta-cells to secrete 
more insulin. Like natural incretins, the GLP-1 receptor agonists lower postprandial 
glucose and can slow gastric emptying, thereby promoting satiety and reducing food 
intake, which often results in weight loss.

13.3.4  Reductions in mortality by T2DM treatments

Patients with T2DM manifest a two- to threefold greater risk of CV events com-
pared to those without diabetes. CVD is responsible for approximately 80% of over-
all mortality in people with T2DM. Interventions to lower glycemia are important 
to blunt this risk.

• Treatment with pioglitazone, one of the TZDs, reduces composite outcome of 
nonfatal acute myocardial infarction, stroke, and all-cause mortality.
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• In a time-to-event analysis, the rate of the first occurrence of death from CV 
causes, nonfatal myocardial infarction, or nonfatal stroke among 9340 patients 
with T2DM was lower with liraglutide than with placebo.

• The empagliflozin cardiovascular outcome event trial demonstrated that in 
patients with T2DM and high CVD risk, empagliflozin reduced the primary 
major adverse cardiac event endpoint (CV death, nonfatal myocardial infarction, 
and nonfatal stroke) by 14%. This beneficial effect was driven by a 38% reduc-
tion in CV mortality with no significant decrease in nonfatal myocardial infarc-
tion or stroke. Although SGLT-2 inhibitors exert multiple metabolic benefits 
(decreases in A1C, body weight, and BP and an increase in HDL cholesterol), it 
is unlikely that the reduction in CV mortality can only be explained by empa-
gliflozin’s metabolic effects. More likely, hemodynamic effects, specifically 
reduced BP and decreased extracellular volume, are responsible for the decrease 
in hospitalization for heart failure and for reduced CV mortality.

13.3.5  Insulin

Insulin is usually initiated when combination therapy with other agents fails to 
maintain adequate glycemic goals. Insulin is also started when an A1C level is 
above 9.0%, whether the patient is drug naïve or on treatment. Insulin may be initi-
ated as a basal, basal-bolus, prandial, or premixed regimen. For most patients treated 
with oral diabetes medication but requiring additional A1C lowering, adding a basal 
insulin analog regimen is preferred. Hypoglycemia and weight gain are the most 
common adverse effects of insulin therapy. The combination of basal insulin and 
GLP-1 receptor agonist therapy has an additive effect to decrease both fasting and 
postprandial glucose and may limit weight gain and the risk of hypoglycemia com-
pared with basal-bolus insulin regimens. The combined use of DPP-4 inhibitors or 
SGLT2 inhibitors with insulin is also effective in improving glycemic control with 
a relatively low risk of hypoglycemia.

13.3.6  Glycemic Targets for T2DM

It is important to note that no randomized controlled trials have established optimal 
glycemic targets in patients with T2DM.  Thus, some professional organizations 
have recommended a general target A1C level of ≤6.5% while others have recom-
mended <7%. In all patients, safety is paramount, and the potential risks of intensive 
glycemic control may outweigh its benefits. Less stringent control is appropriate in 
patients with frequent or severe hypoglycemia, hypoglycemia unawareness, seizure 
disorder, advanced aged, terminal illness, or active cardiovascular disease.

The challenges associated with improving glycemic control are exemplified by 
the fact that the ADA target goal for A1c of <7% is not achieved in almost half of 
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patients with T2DM. In patients with obesity and T2DM requiring insulin therapy, 
choosing the proper insulin regimen (basal, prandial, or biphasic) using appropriate 
titration and the lowest effective dose would minimize hypoglycemia and weight 
gain. Combination therapy using metformin, GLP-1 receptor agonists, and/or 
SGLT-2 inhibitors with insulin should be considered to both mitigate insulin- 
medicated weight gain and assist in glucose control.

13.4  Conclusion

IR, which develops with adiposopathy, and impaired glucose metabolism have been 
linked to vascular endothelial dysfunction, systemic inflammation, dyslipidemia, 
T2DM, and CVD. There is a strong association between overweight and obesity, 
adiposopathy, and IR. The development of central adiposity leads to adiposopathy 
and the subsequent development of prediabetes and the dysmetabolic syndrome. In 
addition, there is a risk continuum for poor clinical outcomes in the progression 
from normal glucose tolerance to overt T2DM. Thus, the treatment for excess adi-
posity and adiposopathy should be patient centered and initiated concomitantly to 
treatment of other obesity-related comorbidities. The priorities in patients with IR 
and hyperglycemia are to lower the blood glucose but at the same time minimize the 
risks of hypoglycemia and avoid weight gain.

Lifestyle behavioral change should include structured support for healthy eating 
with reduced caloric intake and daily physical activity to reduce sedentary lifestyle. 
However, the addition of weight-loss medications consistently results in a greater 
degree of weight loss than lifestyle therapy alone. Weight-loss medications have 
been shown to be superior to intensive lifestyle intervention alone in both decreas-
ing weight and slowing the progression from prediabetes to T2DM. Since obesity- 
related complications can be significantly improved by weight loss, a 
multidisciplinary team to help intensify and support therapy should be employed for 
patients with overweight or obesity. Patients with a BMI of ≥35 kg/m2 with one or 
more comorbidities or ≥ 40 kg/m2 without coexisting medical problem should be 
considered for referral to an accredited bariatric surgery center.
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Pearls of Wisdom
• For patients <60  years of age who have overweight or obesity start 

 pharmacotherapy at the blood pressure threshoulds of 140/90 mmHg and 
continue lifestyle changes.

• Angiotensin converting enzyme inhibitors, angiotensin receptor blockers, 
or calcium channel blockers are considered first-line agents in the treat-
ment of patients with overweight or obesity, and hypertension. More often, 
multiple classes are required due to the complex regulatory disturbances 
seen in this population.

• Treating hypertension in patients with overweight or obesity requires 
aggressive weight management as part of the therapeutic plan, if not as a 
primary plan.

• Patients with overweight or obesity, and hypertension, should limit their 
sodium intake to 2.3–3  g/day, maintain a potassium intake >3.5  g/day, 
restrict alcohol to <1 oz./day, and engage in physical activity >30 min/day.

• There is a dose-response relationship between the amount of weight loss 
achieved at up to 3 years by lifestyle intervention and the lowering of blood 
pressure (5% weight loss, mean reduction in systolic and diastolic BP is 
3 mmHg and 2 mmHg, respectively).
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14.1  Introduction with Adipocentric View

Obesity increases the risk for hypertension. The Framingham Heart Study estimated 
that excess body weight accounted for approximately 26% of cases of hypertension 
in men and 28% in women and for approximately 23% of cases of coronary heart 
disease in men and 15% in women. The Swedish Obesity Study reported hyperten-
sion being present in approximately 50% of subjects, all of whom had at least a 
body mass index (BMI) of ≥34 kg/m2 in men and ≥ 38 kg/m2 in women. In a report 
from the Nurses’ Health Study, the BMI at age 18 years and at midlife was posi-
tively associated with the occurrence of hypertension. Overweight subjects (BMI 
≥25 kg/m2) who gained 5.0–9.9 kg had a relative increased risk of hypertension of 
1.7 and 5.2, respectively. This relationship also held true for men in the Health 
Professionals Follow-up Study where a strong positive association between overall 
obesity and hypertension and diabetes was observed (Fig. 14.1). Latest data from 
the American Heart Association (AHA) estimated that at least 75% of the incidence 
of hypertension in the United States is directly related to obesity. This association 
was supported by results from the National Health and Nutrition Examination 
Survey (NHANES) 1999–2004. Researchers from this database observed an 
increase in the prevalence of hypertension from 18.1% in normal-weight subjects to 
52.3% in those with class III (BMI ≥ 40 kg/m2) obesity. With normal-weight indi-
viduals as a reference, individuals with obesity class III had a five (4.8 adjusted odds 
ratio (OR)) times higher risk of developing hypertension.

The pathophysiology of obesity causing hypertension is not well understood and 
is likely multifactorial. From a hemodynamic standpoint, obese hypertensive 
patients are known to have higher cardiac output compared to their lean counterparts. 
The higher cardiac output is produced predominantly by the increase in stroke vol-
umes via Frank-Starling mechanism (increased preload). As subjects become more 
deconditioned due to the direct and indirect effects of obesity, heart rate also 
increases [further] cardiac output, leading to higher blood pressure.

Another proposed mechanism by which obesity raises blood pressure involves 
the role of excessive central (visceral) obesity leading to peripheral insulin 
resistance, hyperinsulinemia, endothelial dysfunction, and subsequent activation of 
the sympathetic nervous system. The pathophysiological link between visceral 
adiposity and cardiometabolic complications focuses on insulin sensitivity, the 
sympathetic nervous system, the renin-angiotensin-aldosterone system (RAAS), 
and the cardiac natriuretic peptide system (CNPS).

• A 5% mean weight loss difference achieved over 4 years by intensive life-
style intervention in adults with overweight or obesity, and type 2 diabetes, 
is associated with a lower prevalence of patients who are prescribed anti-
hypertensive medications compared to controls.

• A favorable inverse relationship has been noted between blood pressure 
and regular physical activity, independent of body weight.
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Central adipose tissues are metabolically active. In excess, they upregulate (and 
dysregulate) the renin-angiotensin-aldosterone system causing increased renal 
sodium reabsorption and subsequent volume expansion. The subsequent increase in 
angiotensin II level enhances the production of aldosterone in the adrenals as well 
as contributes to the hypertension due to its vasoconstriction property. Angiotensin 
II also has tropic effects on adipocytes, thereby ensuring the continued growth of 
these tissues and maintaining the vicious cycle.

Cardiac natriuretic peptide system is responsible for natriuresis and diuresis, 
leading to lower plasma volume and lower blood pressure. This system is 
downregulated in obese patients allowing the renin-angiotensin-aldosterone system 
to go unchecked leading to higher blood pressure.

Chronic stress, sleep apnea, and physical/mechanical compression of the vascu-
latures or kidneys by adipose tissues are other mechanisms by which obesity raises 
blood pressure.
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Fig. 14.1 Relation 
between body mass index 
up to 30 kg/m2 and the 
relative risk of type 2 
diabetes, hypertension, 
coronary heart disease, and 
cholelithiasis. Panel A 
shows these relations for 
women in the Nurses’ 
Health Study, initially 
30–55 years of age, who 
were followed for up to 
18 years. Panel B shows the 
same relations for men in 
the Health Professionals 
Follow-up Study, initially 
40–65 years of age, who 
were followed for up to 
10 years. (From Willett 
et al. (1999); used with 
permission)
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14.2  Epidemiology

The Centers for Disease Control and Prevention estimated that approximately 29% 
(approximately 70 million) of adults in the United States currently have high blood 
pressure. Hypertension is the number one diagnosis in the ambulatory setting and is 
one of the top diagnoses in the nursing home. Data from the Framingham Heart 
Study suggest that patients who are normotensive at age 55  years have a 90% 
lifetime risk of developing hypertension. Women are as likely as men to develop 
high blood pressure during their lifetime. However, for people younger than 45 years 
old, the condition affects more men than women. For people 65 years old or older, 
high blood pressure affects more women than men. African Americans develop high 
blood pressure more often, and at an earlier age, than whites and Hispanics do. 
More African American women than men have high blood pressure.

Despite the awareness and wide array of treatment options currently available, 
only 50% individuals with hypertension are currently controlled. About one of five 
US adults with high blood pressure still do not know that they have hypertension 
and only seven in ten US adults with high blood pressure are using medications to 
treat it. More than 360,000 American deaths in 2013 included high blood pressure 
as a primary or contributing cause, equating to almost 1000 deaths each day. 
Approximately 10% of the current US total annual drug expenditure is spent on 
antihypertensive medications. High blood pressure costs the nation $46 billion each 
year, including cost of health care services, medications to treat high blood pressure, 
and missed days of work.

Since obesity and hypertension are so closely linked, the number of patients with 
hypertension is likely to grow as the obesity epidemic worsens.

14.3  Definitions

The definition of “hypertension” has changed over time, and the numeric thresholds 
vary depending on the specific guidelines and organization. As the body of evidence 
correlating elevated BP levels with CVD has grown, values defining “normal” BP 
have declined. The first National Health Examination Survey, conducted from 1960 
through 1962, defined hypertension as BP higher than 160/95 mmHg. This threshold 
was lowered to 140/90  mmHg in 1973 by the National High Blood Pressure 
Education Program. In 1993, the fifth report of the Joint National Committee (JNC) 
lowered the definition of normal BP to 130/85 mmHg or below, and in 2003, the 
seventh report of the JNC (JNC 7) redefined the definition of normal BP to 
120/80 mmHg or below (see Table 14.1). The criteria shown in Table 14.1 are based 
upon the average of two or more properly measured readings at each of two or more 
office visits after initial screening. The 2014 Evidenced-Based Guidelines for 
Management of High Blood Pressure in Adults as reported by the panel members 
appointed to the eighth Joint National Committee (JNC 8) did not address or change 
the parameters established by JNC 7. As such, the definition of hypertension as 
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established by JNC 7 is still the most current and accepted definition to guide 
providers in clinical practice. The blood pressure goal in obese patients with 
hypertension is similar to the general population, treating SBP and DBP to targets 
of < 140/90 mmHg.

• Normal blood pressure: Systolic <120 mmHg and diastolic <80 mmHg.
• Prehypertension: Systolic 120–139 mmHg or diastolic 80–89 mmHg.
• Hypertension:

 – Stage 1: Systolic 140–159 mmHg or diastolic 90–99 mmHg.
 – Stage 2: Systolic ≥160 mmHg or diastolic ≥100 mmHg.

Isolated systolic hypertension (ISH) (systolic-BP ≥140  mmHg; diastolic BP 
<90 mmHg) is more common in individuals over 50 years of age, most likely a 
result of increased arterial stiffness from arteriosclerosis or impairment of nitric 
oxide-mediated vasodilation. In a hypertension study involving NHANES III 
survey, isolated hypertension was present in 54% of subjects between the ages of 50 
and 59 years and in 87% of hypertensive subjects older than 60 years of age. This is 
significant because ISH is associated with a two- to four-fold increase in the risk for 
stroke, myocardial infarction (MI), or cardiovascular (CV) mortality. Under the age 
of 50 years, diastolic blood pressure is more common and is a better predictor of 
mortality than systolic blood pressure.

14.4  Overview

14.4.1  Primary Hypertension

Hypertension without known cause or pre-existing renal disease is known as pri-
mary or essential hypertension. This form of hypertension is the most common form 
of hypertension and accounts for 90–95% of adult cases. Arterial blood pressure is 
determined by the following equation:

 
BloodPressure BP CardiacOutput CO PeripheralResistance PR( ) = ( )´ (( ).  

Table 14.1 Blood pressure guidelines

JNC 7 blood pressure classification in adults aged >18 years

Category Systolic and diastolic
Normal <120 and < 80
Prehypertension 120–139 or 80–89
Hypertension, stage 1 140–159 or 90–99
Hypertension, stage 2 ≥160 or ≥ 100

From: National Heart, Lung, and Blood Institute; National Institutes of Health; U.S. Department 
of Health and Human Services, JNC 7 Express
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Any conditions or risk factors that elevate cardiac output or peripheral resistance 
will cause hypertension. In patients with obesity, the initial defect is due to elevated 
cardiac output. Over time, peripheral resistance goes up as well, leading to even 
higher blood pressure. In most patients, increased peripheral resistance eventually 
will become the primary hemodynamic fault for sustained hypertension. Although 
the exact cause of primary hypertension is unknown, several risk factors are strongly 
associated with its development. Table 14.2 lists these risk factors and provides a 
brief explanation for its pathophysiology.

14.4.2  Secondary Hypertension

Secondary hypertension is hypertension with known causes. This form of hyperten-
sion is less common and accounts for approximately 5–10% of adult cases. In many 
cases, these causes co-exist with risk factors for primary hypertension, requiring a 
multipronged approach to controlling blood pressure. This is especially true in 
patients with obesity, who commonly also have metabolic syndrome, diabetes, and 
dyslipidemia. Table  14.3 lists common causes of secondary hypertension. Renal 
parenchymal disease is the most common cause of secondary hypertension, fol-
lowed by renovascular disease, various adrenal disorders, and neurologic disorders. 
Prescription or over-the-counter drugs also play a role in secondary hypertension. 
Some of the common culprits used in obese patients include oral contraceptives; 

Table 14.2 Risk factors for primary hypertension

Obesity: Excessive blood volume increases cardiac output. Peripheral resistance eventually 
increases as well, leading to sustained hypertension
Genetic: Hypertension is twice as common in subjects who have one or two hypertensive 
parents
Age: Hypertension increases with age, especially systolic blood pressure
Race: African Americans develop high blood pressure more often, and at an earlier age, than 
whites and Hispanics do
Inactivity: Physical inactivity increases the risk for hypertension, and exercise is an effective 
means of lowering blood pressure
Tobacco use: Second-hand smoke also can increase hypertension risk
Excessive sodium intake: >3000 mg/day increases the risk for hypertension
Alcohol abuse: Excess alcohol intake is associated with the development of hypertension
Diabetes and dyslipidemia: Presence of other cardiovascular risk factors increase risk for 
hypertension
Depression/personality disorders/traits: Hypertension more common in depression, type A 
personalities, and other personality traits
Inadequate potassium intake: Insufficient potassium intake may contribute to the development of 
hypertension
Low/reduced nephron mass: Reduced nephron mass can predispose to hypertension
Hypovitaminosis D: Hypertension is higher with low vitamin D in some population
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Table 14.3 Major causes of secondary hypertension

Causes

Renal Renal parenchymal disease Acute glomerulonephritis
Chronic nephritis
Polycystic disease
Diabetic nephropathy
Hydronephrosis

Renovascular Renal artery stenosis
Intrarenal vasculitis

Renin-producing tumors
Liddle syndrome
Gordon syndrome

Endocrine Acromegaly
Hypothyroidism
Hyperthyroidism
Hypercalcemia Hyperparathyroidism
Adrenal (cortical) Cushing syndrome

Primary Aldosteronism
Congenital adrenal hyperplasia

Adrenal (medullary) Pheochromocytoma
Apparent mineralocorticoid excess
Carcinoid
Paget disease of the bone
Exogenous hormones Estrogen

Glucocorticoids
Mineralocorticoids
Sympathomimetics
Erythropoietin
Tyramine-containing foods and 
monoamine oxidase inhibitors

Coarctation of aorta
Pregnancy-induced 
hypertension
Neurologic disorders Increase intracranial pressure

Sleep apnea
Quadriplegia
Acute porphyria
Familial dysautonomia
Guillain-Barre syndrome

Acute stress Psychogenic hyperventilation
Hypoglycemia
Burns
Alcohol withdrawal
Sickle cell crisis
Post resuscitation
Perioperative

(continued)
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glucocorticoids; weight loss medications; stimulants such as methylphenidate, non-
steroidal anti-inflammatory agents, and decongestants. Illicit drugs such as cocaine 
and methamphetamine will also raise blood pressure.

14.4.3  Evaluation

All obese adults over the age of 18 should be screened for elevated blood pressure 
at least annually. An elevated screening blood pressure should be confirmed using 
out-of-office measurement and if possible, ambulatory blood pressure monitoring 
(ABPM) should be utilized.

The evaluation of hypertension involves accurately measuring the patient’s blood 
pressure, performing a focused medical history and physical examination, and 
obtaining results of routine laboratory studies. The objectives of a thorough 
evaluation are (1) to assess lifestyle and identify other cardiovascular risk factors or 
concomitant disorders that may affect prognosis and guide treatment (Tables 14.2 
and 14.4); (2) to reveal identifiable causes of high BP (Table 14.3); and (3) to assess 
the presence or absence of target organ damage and CVD (Table 14.5).

14.4.4  History and Physical Examination

This history should search for precipitating causes as well as the duration of hyper-
tension. Since hypertension is a silent disease, many patients may have had undiag-
nosed hypertension for many years that could accelerate end organ damages.

The physical examination should include an appropriate measurement of BP, 
with verification in the contralateral arm; examination of the optic fundi; calculation 
of body mass index (BMI) (measurement of waist circumference also may be use-

Table 14.3 (continued)

Causes

Increased intravascular 
volume
Exogenous causes Alcohol abuse

Nicotine
Immunosuppressive drugs
Heavy metal toxicity

Increased cardiac 
output

Aortic valvular insufficiency

Arteriovenous fistula, patent ductus
Rigidity of aorta

From Zipes et al. (2005); used with permission
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ful); auscultation for carotid, abdominal, and femoral bruits; palpation of the thy-
roid gland; thorough examination of the heart and lungs; examination of the 
abdomen for enlarged kidneys, masses, and abnormal aortic pulsation; palpation of 
the lower extremities for edema and pulses; and neurological assessment.

Because blood pressures fluctuate considerably throughout the day and are heav-
ily influenced by external and environmental influences, many measurements are 
often needed. Accurate and proper technique in BP measurement is paramount, 
especially in the obese population.

14.4.4.1  Accurate (Proper) Blood Pressure Measurement in the Patient 
with Overweight or Obesity

Many requirements are needed for proper blood pressure measurement, including 
posture, arm support and position, proper arm selection, and usage of correct cuff 
and bladder. Improper techniques and equipment usage may lead to overestimation 
(undercuffing) and underestimation (overcuffing) of the patient’s blood pressure. 

Table 14.4 Cardiovascular 
risk factors

Major risk factors

Hypertension*
Cigarette smoking
Obesity* (body mass index ≥30 kg/m2)
Physical inactivity
Dyslipidemia*
Diabetes mellitus*
Microalbuminuria or estimated GFR <60 mL/min
Age (older than 55 for men, 65 for women)
Family history of premature cardiovascular disease  
(men under age 55 or women under age 65)

*From: National Heart, Lung, and Blood Institute; National 
Institutes of Health; U.S.  Department of Health and Human 
Services, JNC 7 Express

Table 14.5 Target organ damage

Heart Left ventricular hypertrophy
Angina or prior myocardial infarction
Prior coronary revascularization
Heart failure

Brain Stroke
Transient ischemic attack

Chronic kidney disease
Peripheral arterial disease
Retinopathy

From: National Heart, Lung, and Blood Institute; National Institutes of Health; U.S. Department 
of Health and Human Services, JNC 7 Express
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Due to these variables influencing the blood pressure measurement, obese patients 
usually have a higher rate of inaccurate measurement when compared to nonobese 
patients mainly due to increased mismatching of the bladder and arm. The regular 
cuff for adults does not have sufficient length, thus, requiring obese patients to use 
a larger size cuff.

The shape of the arm also influences the fit of the cuff, with the conical-shaped 
arm of obese patients being the biggest problem. The shape of the upper arm is 
usually troncoconical, with the differences in the circumference of proximal and 
distal being anywhere from 1 to 20 cm, with the average value being 8.7 cm. When 
the arm circumference near the shoulder is much greater than normal, usually in the 
case of obesity, a cylindrical cuff does not provide an adequate fit, yielding an 
inaccurate blood pressure measurement. If a larger size cuff is used, then the distal 
end of the cuff will remain loose, causing an overestimation of the patient’s blood 
pressure.

Another factor hindering blood pressure measurement in obese patients is the 
length of the arm. Most obese patients will have a large upper arm circumference 
along with a short upper arm length. Due to the larger arm circumference, a larger 
cuff size is needed, but this may also result in the cuff being too long and passing 
the elbow. With this paradoxical circumstance, it may be difficult to select the proper 
cuff size for an accurate blood pressure measurement. Because of these problems, 
alternative methods are required for blood pressure measurement in obese patients.

In patients with overweight or obesity, it may be necessary to use special cuffs 
that can accommodate those with “irregular” arm dimensions. Another solution is to 
use automated devices with special software that can yield an accurate blood pres-
sure measurement even with incorrect cuffing. These devices can adjust the cuff 
accordingly to the patient’s arm, thus, providing a proper cuffing.

Another method of measuring blood pressure in patients with “irregular” arm 
size is to circumvent the arm itself. With the creation of oscillometric automated BP 
measurement, wrist blood pressure measurement has become more popular and is 
readily available for consumer use. In normal-weight individuals, arm cuff is still 
recommended over wrist devices, but for obese patients, wrist BP measurement 
may be more suitable than arm cuff due to the problems discussed above.

Table 14.6 summarizes the steps to properly measure blood pressure in patients 
with overweight or obesity.

14.4.5  Laboratory Tests and Other Diagnostic Procedures

Laboratory tests recommended before initiating therapy include an electrocardio-
gram (EKG); urinalysis; blood glucose and hematocrit; serum potassium, creatinine 
(or the corresponding estimated glomerular filtration rate [GFR]), and calcium and 
a lipid profile that includes high-density lipoprotein cholesterol and low-density 
lipoprotein cholesterol and triglycerides. Optional tests include the measurement of 
urinary albumin excretion or albumin-to-creatinine ratio. More extensive testing for 
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identifiable causes is not indicated generally unless BP control is not achieved. 
Table  14.7 summarizes the recommended laboratory tests and diagnostic proce-
dures. Table 14.8 summarizes features of inappropriate hypertension when second-
ary causes of hypertension should be entertained. Table 14.9 lists the recommended 
workup for the common form of secondary hypertension.

Table 14.6 Guideline for measuring blood pressure of patients with overweight or obesity

Blood pressure should be measured after the patient has emptied their bladder and has been 
seated for 5 min, with their back supported and legs resting on the ground (not crossed)
A longer and wider cuff is required for sufficient compression of brachial artery due to the 
patient’s arm size
The center of the bladder should be placed over the brachial artery pulse
Even if the arm length is insufficient despite larger arm circumference, a very long cuff is still 
preferred due to difficulty of fitting a standard cuff around the arm
If the arm circumference is larger than 50 cm, then a thigh cuff may be used in place of the arm 
cuff
If neither thigh nor arm cuff fits, then a forearm cuff may be used. The forearm should be raised 
to the heart level while searching for radial pulse
Korotkoff sounds could be used for detecting systolic pressure by using a Doppler probe or 
other oscillometric device over the radial artery. This method usually results in an 
overestimation of diastolic pressure but will give a good estimation for systolic pressure

Adapted from Pickering et al. (2005); used with permission

Table 14.7 Suggested initial evaluation of patients with overweight or obesity, and hypertension

History and physical examination
Urinalysis—Evaluating microalbuminuria
Chemical profile, including creatinine, blood glucose, potassium, uric acids, and lipids.  
A hemoglobin A1c is an option in patients with history of hyperglycemia
Electrocardiogram

Table 14.8 Features indicative of secondary hypertension

Age less than 30 years in nonobese, nonblack patients with a negative family history  
of hypertension and no other risk factors (e.g., obesity) for hypertension
Sudden-onset, intermittent, or labile blood pressure
Resistant to appropriate therapy
Associate with abnormal clinical and laboratory findings; cardiomegaly, left ventricular 
hypertrophy (LVH), funduscopic findings of grade 2 or above, abdominal bruit, variable  
features of tremor, tachycardia, sweating
Level of blood pressure > 180/110 mmHg
Proven age of onset before puberty
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14.5  Hypertension Management

The cornerstone to hypertension management is meal planning and lifestyle 
changes. These changes will promote weight loss that will help to bring blood 
pressure to goals. In addition there should be a reduction of sodium intake and 
moderation of alcohol intake to maximize improvement in blood pressure 
levels.

Initial management of hypertension should include a healthy diet, weight con-
trol, and regular physical activity. In some cases, this may decrease or eliminate the 
need for medication. Ongoing weight management, dietary changes, and physical 
activity also have the potential for minimizing chronic medications and multidrug 
therapy.

In the setting of overweight and obesity, it is important to consider sodium intake 
as well as weight loss in patients with hypertension. The Dietary Approaches to 
Stop Hypertension (DASH-Sodium) trial showed low sodium intake decreased 
blood pressure in patients with high-to-normal blood pressure or stage 1 hyperten-
sion. Individuals with high-to-normal blood pressure or stage 1 hypertension should 
reduce sodium intake to 3 g or less per day.

Alcohol consumption levels should also be considered. Patients who drink alco-
hol daily tend to have higher blood pressure levels than people who do not drink 
daily. Patients who drink daily had systolic blood pressure levels 6.6 mmHg higher 
and diastolic BP levels 4.7 mmHg higher than once daily drinkers.

Table 14.9 Tests for common causes of secondary hypertension

Diagnosis procedures

Diagnosis Initial Confirming
Renovascular disease Duplex sonography CT angiogram, MRI, MRA, 

aortogram
Coarctation Blood pressure in legs Echocardiogram, aortogram
Chronic renal disease Urinalysis, serum creatinine, renal 

ultrasound
Renal biopsy

Pheochromocytoma Plasma free metanephrines, timed 
urine collection for metanephrines, 
urine collection (24-h specimen) for 
free catecholamines and 
metanephrines

CT scanning, MRI of the 
adrenal glands, MIBG 
scintigraphy

Primary 
hyperaldosteronism

Aldosterone/plasma renin activity 
ratio

Saline suppression test, CT scan 
or MRI of adrenals, adrenal 
venous sampling (AVS)

Cushing’s syndrome 24-h free cortisol excretion, overnight 
dexamethasone suppression, 
late-night serum/salivary cortisol

Adrenal CT scan, pituitary MRI, 
petrosal sinus sampling for 
ACTH, high-dose 
dexamethasone suppression

Thyroid disease Serum thyroid function tests Thyroid antibodies, thyroid 
uptake, and scan +/− ultrasound

Hyperparathyroidism Serum calcium, phosphorus, and 
parathyroid levels

Parathyroid scan, neck 
ultrasound, CT scan of the neck
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The Look AHEAD study gave insights into the effects of weight loss on hyper-
tension. In overweight or obese adults with elevated cardiovascular disease risk 
including type 2 diabetes and hypertension, there is a dose-response relationship 
between the amount of weight loss achieved for up to 3 years with diet and lifestyle 
changes alone or combined with orlistat. The study showed that at weight losses less 
than 5%, reductions in blood pressure were mild and variable. However, at a 5% 
weight loss, a weighted mean reduction in systolic and diastolic blood pressures of 
approximately 3 and 2 mmHg was seen, respectively. This trial also showed that a 
5% weight loss achieved by intensive lifestyle intervention in overweight and obese 
adults with type 2 diabetes is associated with a lower prevalence of patients who are 
prescribed medications compared with controls.

The Report from the Panel Members Appointed to the Eighth Joint National 
Committee (JNC8) gave guidance regarding initial therapy. In the general nonblack 
population, including those with diabetes, initial antihypertensive treatment should 
include a thiazide-type diuretic, a calcium channel blocker (CCB), angiotensin-
converting enzyme inhibitor (ACEI), or angiotensin receptor blocker (ARB). In the 
general black population, including those with diabetes, initial antihypertension 
treatment should include a thiazide-type diuretics, CCB, ACEI, or ARB.

14.5.1  ACE Inhibitors

There have been studies that investigated a possible link between obesity and the 
renin-angiotensin system (RAS). Data have clearly demonstrated the presence of a 
fully functional RAS in animal and human adipose tissue. Evidence from genetically 
manipulated animals or from experiments in which the RAS was blocked suggests 
that the activity of the RAS is directly related to the accumulation of body fat. In a 
rodent study, melanocortin-4 receptor-deficient female rates were used because 
functional loss of melanocortin receptor MCR4 activity leads to hyperphagia and an 
obese, glucose-tolerant phenotype. ACE inhibition for 8  weeks produced weight 
loss. Furthermore, weight loss following ACE inhibitor treatment was specific to fat 
mass, while lean mass was unaffected.

The UKPDS study gave some insights regarding both the reduction in blood 
pressure and weight changes in the setting of type 2 diabetes. In total, 1148 
participants with type 2 diabetes were treated with either captopril or atenolol. The 
average age was 56 years, and mean blood pressure at baseline was 160/94 mmHg. 
In the study, the two drugs were equally effective in lowering blood pressure to 
144/83 mmHg in the captopril group and to 143/81 mmHg in the atenolol group. 
There was greater compliance in the captopril group compared to the atenolol group 
by 78% and 65% (p = 0.0001), respectively. Both groups were equally effective in 
reducing macrovascular end points as well as preventing deterioration in retinopathy 
or developing clinical grade albuminuria >300  mg/L.  However, there was a 
difference in weight gain in the two groups. The participants in the atenolol group 
gained more weight than those participants in the captopril group, that is, 3.4 kg 
versus 1.6 kg over 9 years (p = 0.020).
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14.5.2  Beta-Blockers

Beta-blockers have been used for blood pressure control as well as other setting 
such as heart rate control and migraine prophylaxis. There are various agents in this 
class that differ in their pharmacological properties. The first group comprises the 
nonvasodilating beta-1 selective blockers that preferentially inhibit cardiac beta-1 
receptors as opposed to beta-2 receptors. Some examples are atenolol and 
metoprolol. Carvedilol is pharmacologically different and inhibits beta-1 and beta-2 
receptors and alpha-1 receptors.

In the past, there have been reports of weight gain with beta-blocker therapy. 
This effect would be counterproductive in the overweight and obese population. 
There is now growing evidence that this effect is significant. Several mechanisms 
have been proposed, including reduction in resting energy expenditure, reduction in 
the thermic effect of food, reduction in exercise tolerance, increase in tiredness, 
reduction in nonexercise thermogenesis, inhibition of lipolysis, and exacerbation of 
insulin resistance. In addition to proposing mechanism for weight gain, Sharma 
et  al. performed a systemic analysis of the literature. The median difference in 
weight between the beta-blocker groups and the control group was 1.2  kg and 
significant. There was no relationship between any demographic characteristic and 
beta-blocker-induced weight change; therefore, all patients appeared susceptible to 
weight gain when they received a beta-blocker.

Chronic beta-blocker therapy was also studied in two settings, a hypertension 
clinic and a diabetes clinic. Patients treated with beta-blockers had a higher weight 
gain compared with patients not treated with beta-blockers by 17.2 ± 3.2  kg 
(p = 0.004) and 9.2 ± 1.2 kg (p = 0.0002) in the hypertension clinic and diabetes 
clinic, respectively. There are some data to suggest propranolol may cause more 
weight gain than atenolol and metoprolol.

In addition to weight data, the resting energy expenditure (REE) has been studied 
in the setting of beta-blocker therapy to determine if there was a difference in 
selective and nonselective beta-blockers. Participants underwent a structured 
physical training program and a hypocaloric diet for a period of approximately 
31 days. REE was measured by the indirect calorimetri method. Participants treated 
with selective beta-1 adrenoceptor blockers had a REE 1704 ± 283 versus nonselec-
tive beta-blockers 1974 ± 278; p = 0.012. There was also a difference in weight loss 
between selective versus nonselective beta-blockers −5.6 ± 2.4 vs −7.5 ± 2.7, 
respectively (p = 0.048).

14.5.3  Diuretics

Clinical trials have shown thiazide diuretics are effective tools for lowering blood 
pressure. Diuretics are an inexpensive option for blood pressure control. The 
Antihypertension and Lipid-Lowering Treatment to Prevent Heart Attack Trial 
(ALLHAT) was a randomized, double-blind, multicenter clinical trial sponsored by 
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the National Heart, Lung, and Blood Institute. Participants were 33,357 people aged 
55 years and older with hypertension and at least one other CHD risk factor were 
randomly assigned to receive chlorthalidone 12.5–25 mg a day, amlodipine 2.5–
10 mg a day, or lisinopril 10–40 mg a day. The mean follow-up was 4.9 years, and 
there was no difference in the groups with regard to fatal or nonfatal myocardial 
infarctions. Five-year systolic blood pressures were significantly higher in the amlo-
dipine (0.8 mmHg, p = 0.03) and lisinopril (2 mmHg, p < 0.001) groups compared 
with chlorthalidone, and 5-year diastolic blood pressure was significantly lower 
with amlodipine (0.8  mmHg, p  <  0.001). For amlodipine versus chlorthalidone, 
secondary outcomes were similar except for a higher 6-year rate of HF with 
amlodipine (10.2% vs. 7.7%; RR, 1.38; 95% CI, 1.25–1.52). For lisinopril versus 
chlorthalidone, lisinopril had higher 6-year rates of combined CVD (33.3% vs. 
30.9%; RR, 1.10; 95% CI, 1.05–1.16); stroke (6.3% vs. 5.6%; RR, 1.15; 95% CI, 
1.02–1.30); and HF (8.7% vs. 7.7%; RR, 1.19; 95% CI, 1.07–1.31). The authors 
concluded that the chlorthalidone data supported first-line use of diuretics because 
of their efficacy compared to the other agents as well as lower cost.

In the Trial of Antihypertensive Interventions and Management, mildly hyper-
tensive obese patients were noted to lose more weight when receiving chlorthali-
done compared to atenolol or placebo. The mean weight reductions at 6 months in 
the three groups were 6.9, 3.0, and 4.4 kg, respectively. The weight loss was most 
pronounced at 6 months and persisted at month 24.

Despite its excellent blood pressure-lowering effect, thiazide diuretics have been 
shown to cause glucose dysregulation and may lead to overt diabetes in obese 
hypertensive patients. In the ALLHAT trial, chlorthalidone was associated with 
significantly higher incidence of diabetes compared to lisinopril in patients with 
metabolic syndrome (17.1% vs. 12.6%). In a prospective, randomized, open-label 
trial involving 240 obese, hypertensive patients with metabolic syndrome, the 
combination of low-dose hydrochlorothiazide plus losartan was found to significantly 
increase the risk of new-onset diabetes compared to verapamil plus trandolapril 
(27% vs. 11%).

14.5.4  Calcium Channel Blockers (CCBs)

Calcium channel blockers (CCBs) are effective drugs to control blood pressure in 
the setting of hypertension. They work by inhibiting intracellular migration of 
calcium into smooth muscle and myocardial cells, reducing arterial pressure through 
decrease in peripheral vascular pressure. In the setting of overweight and obesity, 
weight gain can be seen. However, this weight gain may be more due to fluid 
retention because CCB’s blunt postural skin vasoconstriction, an autoregulatory 
mechanism that minimizes gravitational increases in capillary pressure and avoids 
fluid extravasation when standing, rather than a gain in fat mass. In a research 
project that measured leg weight in the setting of essential hypertension, subjects 
were treated with amlodipine 5 and 10 mg. Both doses showed an increase in leg 
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weight. In the same study, when patients were treated with the ACEI enalapril, there 
was a reduction in the CCB-induced dose-dependent fluid accumulation.

Unlike the thiazide diuretics, calcium channel blockers do not have adverse met-
abolic effects and are not associated with increased risk of inducing diabetes. If a 
calcium channel blocker is needed in obese hypertensive patients, a nondihydro-
pyridine calcium channel blocker may be more beneficial. This class can inhibit 
sympathetic activity, a known cause for hypertension in obese patients, and decrease 
hyperfiltration and microalbuminuria that are often seen in patients with metabolic 
syndrome.

14.5.5  Special Populations

The Eighth Joint National Committee (JNC8) set goals for people 18  years and 
older with diabetes. The initial pharmacological treatment goal in this group is to 
initiate pharmacological therapy at an SBP of 140 mmHg or greater or diastolic 
blood pressure of 90  mmHg or greater. The goal of treatment is SBP <140 and 
DBP < 90.0 mmHg. As discussed in the ACEI section above, both ACEI and beta-
blockers were equally effective in reducing the emergence of macrovascular and 
microvascular complications; however, beta-blockers had undesirable weight gain. 
In the Appropriate Blood Pressure Control in Diabetes study, enalapril was compared 
to the CCB nisoldipine, and the ACE was found to have a highly significant reduction 
in the number of fatal MIs in a 5-year period compared to the CCB. Diuretics also 
have a role in treating hypertension in the setting of diabetes. In patient with 
diabetes, therapeutic regimens based primarily on thiazide diuretics were associated 
with a 33% decrease in CVD mortality in the hypertension detection and follow-up 
program.

14.6  Conclusions

Thirty percent to 75% of the cases of hypertension diagnosed in the western world 
can be directly attributed to obesity. As the prevalence of obesity increases, the 
prevalence of hypertension with its associated cardiovascular risk will increase as 
well. Obesity is an important cause of resistant hypertension, requiring a 
multipronged approach to effectively address the problem. The pathophysiology of 
obesity-related hypertension is not yet completely understood, but some proposed 
etiologies include blood volume overload, renin-angiotensin stimulation due to 
inappropriately high aldosterone levels, insulin resistance state, and overstimulation 
of the sympathetic nervous system.

Treating hypertension in the obese patients requires addressing obesity as part of 
the therapeutic plan. Lifestyle management focusing on decreasing sodium, alcohol, 
and caloric intake and increasing potassium and physical activities should be 

Q. T. Nguyen and R. A. Plodkowski



267

stressed. Weight loss medications may be necessary to achieve progressive or 
sustained weight loss. If weight loss is not possible, at least weight maintenance 
should be the goal.

ACE inhibitors or angiotensin receptor blockers are first-line antihypertensive 
agents for obese, hypertensive patients. These drugs lower blood pressure without 
worsening glucose or lipid metabolism. Nondihydropyridine calcium channel 
blockers are also drugs of first choice in this setting due to their favorable metabolic 
profiles. In clinical practice, antihypertensive monotherapy is seldom sufficient to 
control blood pressure. More than half of obese hypertensive patients are treated 
with two or more antihypertensive agents. Diuretics and beta-blockers are reasonable 
second- or third-line drugs if the defects warrant their use in a particular patient 
(hypervolemia, increased sympathetic activity, etc.)

Data on how to treat obese patients with resistant hypertension are scarce. These 
patients may require drugs that address multiple targets (RAAS, SNS, renal sodium 
excretion, and hypervolemia) as well as drugs that help with weight loss. Adding a 
mineralocorticoid antagonist may also be useful in these patients.
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Pearls of Wisdom
• Very little high-level evidence is available about bariatric hypogonadism, 

or how isolated overweight or obesity cause hypogonadism in men.
• Bariatric hypogonadism is a reversible process.
• Successful management of overweight or obesity and their systemic com-

plications will generally result in the resolution of bariatric hypogonadism, 
and sometimes in that of bariatric erectile dysfunction.

• Treatment of hypogonadism in men with obesity is effective adjunct ther-
apy to facilitate the initiation of lifestyle changes.

• Use of pharmacological and surgical therapies to manage bariatric hypo-
gonadism must be done in the context of each patient’s overall health.

15.1  Introduction

This chapter discusses the relationship between overweight or obesity, adiposopa-
thy, and hypogonadism in men, in the absence of comorbidities that are associated 
with one or both of these conditions. Therefore, the hypogonadism associated with 
either dysmetabolic syndrome or type 2 diabetes mellitus (T2DM) is not addressed 
in this chapter.
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15.2  Definitions

15.2.1  Bariatric Hypogonadism Versus  
Hypogonadal Overweight or Obesity

True bariatric hypogonadism in men refers to hypogonadism resulting from the 
accumulation of excess fat mass. In this case, the development of overweight, obe-
sity, and adiposopathy is etiological to the hypogonadism.

Although clinically similar to bariatric hypogonadism, hypogonadal overweight 
or obesity is the consequence of male hypogonadism and its systemic consequences. 
In this instance, gonadal dysfunction is etiological to overweight, obesity, and 
adiposopathy.

Hypogonadal overweight or obesity represents the other side of the pathological 
“coin” of bariatric hypogonadism. The importance of differentiating between these 
two conditions lies in how each will need to be managed. Therefore, the term bar-
iatric hypogonadism facilitates the differentiation between these two etiopathogenic 
pathways that result in the simultaneous presence of overweight, obesity, adipo-
sopathy, and hypogonadism in a male patient.

15.2.2  Bariatric Hypogonadism

Total testosterone [TT], free testosterone [fT], and nonsex hormone-binding globu-
lin [SHBG]-bound testosterone [non-SHBG-bound T] are decreased in proportion 
to the degree of obesity in men. The decrease is similar for all three parameters. 
Overweight and obesity are associated with profound alterations in androgen secre-
tion, transport, metabolism, and action. Androgen changes in overweight or obesity 
increase the susceptibility to develop comorbidities, especially T2DM and cardio-
vascular disease (CVD). In men with overweight or obesity, fertility can often be 
affected, in many cases very severely. This is the result of significant decreases in 
the sperm count. The infertility is correlated with increasing body mass index 
(BMI). Conversely, low T irrespective of symptoms is associated with obesity.

Overweight or obesity is frequently a cause of prediabetes. As is the case in 
patients with T2DM, hypogonadism in men with obesity is complex. Men with 
obesity actually can have primary, secondary, and tertiary hypogonadism at the 
same time, since obesity can produce endocrine alterations that impact, both directly 
and indirectly, the functions of the testis, the pituitary, and the hypothalamus. 
Furthermore, other obesity-related morbidities like obstructive sleep apnea (OSA) 
can also negatively impact male reproduction. This complexity has to be taken into 
consideration when evaluating the patient with overweight or obesity, as well as 
when selecting the appropriate management protocol.

In the management of bariatric hypogonadism, one must first determine if hypo-
gonadism is indeed present. Then, one must determine if fertility is desired, and if 
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so, determine if it is impaired. Finally, one must determine which interventions are 
safe and effective for a given patient, and in which order they must be instituted.

With the current pandemic of overweight and obesity, there are increasing num-
bers of children and adolescents affected. This can result in alterations in sexual 
development. Although some markers of puberty appear to indicate an early onset 
of puberty, others point in the opposite direction, to delayed puberty. However, more 
careful analyses show that testicular growth and pubertal progression through 
Tanner stages are normal in children with overweight or obesity. The endocrine 
story is not quite as reassuring. TT is normal during early pubertal development, but 
by Tanner stage 5, boys with overweight or obesity have reduced levels. SHBG 
levels in boys who are lean never change during pubertal development. On the other 
hand, boys who have overweight or obesity have a decline in SHBG levels during 
this period. By Tanner stage 5, boys with or without overweight or obesity have the 
same SHBG levels. Regarding fT, during early development [Tanner stages 1 and 2], 
fT is elevated in boys with overweight or obesity, but when they reach Tanner stage 
5, their fT levels are low. Throughout pubertal development, estradiol (E2) levels and 
E2/T are elevated in boys with overweight or obesity. Finally, no measurable altera-
tions in gonadotropin (Gn) levels are observed during the pubertal development of 
boys with overweight or obesity. In summary, by the end of their pubertal develop-
ment, boys with overweight or obesity have an endocrine profile almost identical to 
that of men with overweight or obesity.

15.2.3  Hypogonadal Overweight or Obesity

Although less common, hypogonadal overweight or obesity is present as one of the 
consequences of pure male hypogonadism. When T deficiency is present, it induces 
expansion of fat mass and subsequent dysregulation of several functions controlled 
by adipose tissue. Among these endocrine consequences are a reduction in SHBG 
production, an increase in peripheral aromatase activity and, most importantly, an 
elevation of circulating leptin [Lep] levels. These alterations are important factors in 
initiating a vicious cycle that promotes increased adiposity, adiposopathy, over-
weight, or obesity, and ultimately leads to worsening of the hypogonadal state.

15.2.4  Bariatric ED

ED is common, and tends to be of greater severity, in men with overweight or obe-
sity, whether ascertained by high BMI or high waist circumference. Lep is proin-
flammatory and increases directly and proportionally to the degree of adiposity. On 
the other hand, adiponectin is anti-inflammatory and its level is reduced in obesity. 
Therefore, it has been hypothesized that an adiposity-related chronic inflammatory 
status might be involved in the pathogenesis of ED in men with obesity.

15 Gonadal Dysfunction in Males with Overweight or Obesity, and Adiposopathy
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15.3  Evaluation of Hypogonadism in Males with  
Overweight or Obesity

The diagnosis of male hypogonadism is one of exclusion. Many disorders share its 
main signs and symptoms, such as T2DM, CVD, vitamin D insufficiency, psychiat-
ric disorders, and of course obesity. To complicate things, all of these conditions can 
result in the development of hypogonadism, and conversely, they can be the conse-
quence of hypogonadism. Therefore, in order to make the diagnosis of hypogonad-
ism in men with overweight or obesity, a comprehensive history and physical 
examination must be done. The goal is to determine the primary pathology which 
led to the development of the other.

Men with overweight or obesity have a progressive decrease in testosterone (T) 
levels with increasing body weight. Hypogonadotropic hypogonadism with reduced T 
levels, well into the hypogonadal range, is common in men with overweight or obesity. 
TT is low in 57.7% of these men, and fT is reduced in about a third. Men with hypogo-
nadotropic hypogonadism have high HbA1c levels and almost three-fold higher risk for 
CVD. ED and decreased libido are about seven times more common in these patients. 
TT should be measured, preferably in the morning, on two different days by liquid 
chromatography tandem mass spectrometry. SHBG can be decreased in men with 
overweight or obesity, so fT or bioavailable T [bT] should be calculated. Lutropin or 
luteinizing hormone (LH) and follitropin or follicle-stimulating hormone (FSH) should 
be measured to determine if pituitary and/or hypothalamic functions are affected.

Seventy-three percent of men with overweight or obesity reported at least one 
symptom of impaired sexual function. Compared to men without them, men with 
overweight or obesity reported at least one symptom of impaired sexual function 
more frequently [OR = 1.45; CI: 1.14–1.85].

Many men with OSA have overweight or obesity. The severity of biochemical 
androgen deficiency increases with greater hypoxemia in men with OSA and 
increasing adiposity in men with overweight or obesity. Therefore, men with over-
weight or obesity and OSA are likely to be at great risk for hypogonadism.

Table 15.1 summarizes the steps to determine if a man with overweight or obesity 
has hypogonadism. An assessment of the degree of adiposity (including biometric 
measurements) is paramount. The goal is to determine if the patient suffers from 
bariatric hypogonadism or, conversely, if the obesity is a consequence of hypogonad-
ism. This distinction determines the course of management that should be followed.

15.4  Management

15.4.1  Efficacy and Safety of Testosterone Replacement 
Therapy (TRT) in Men with Overweight or Obesity

Several studies have demonstrated favorable effects of TRT in men with overweight 
or obesity. The current gold standard for TRT is the use of transdermal modalities 
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such as gels, alcoholic solutions, or patches. Subdermal pellets, injectables, and oral 
formulations are also available. If the need to institute TRT is established, patients 
should be re-evaluated 3–6 months after onset or therapy. Because the T levels asso-
ciated with the resolution of specific symptoms vary among symptoms and among 
individuals, the goal should be to attain a TT of 450–700 ng/dL. This range prevents 
reaching supraphysiological levels. However, in men with overweight or obesity 
and symptomatic bariatric hypogonadism, TRT is not to be automatically started. 
The reason for this is that sustained, significant weight loss can normalize gonadal 
function, obviating the need for TRT. TRT should not be considered as a weight loss 
therapy. The best indication for TRT in men with overweight or obesity is improve-
ment in stamina, endurance, and muscular function in order to facilitate physical 
activity. TRT permits the patient to undertake physical activity regimens, which can 
result in weight loss. Improving lean muscle mass and muscle function leads to 
improved body composition and loss of fat mass.

The use of TRT in men with overweight or obesity and severe OSA initially 
worsens sleep-disordered breathing in a time-limited manner, irrespective of initial 
T concentrations. However, the negative effects of TRT on OSA are dose dependent. 
On the other hand, CPAP and weight loss increase blood T levels in men with OSA, 
or overweight or obesity, respectively. Therefore, one should initially use CPAP 
together with a weight loss program as the first line of management of the hypogo-
nadism in men with overweight or obesity and OSA.

Multiple studies have demonstrated that TRT reduces fat mass and waist circum-
ference in men with hypogonadism. These reductions are accompanied by body 

Table 15.1 Evaluation of the male with overweight or obesity and hypogonadism

H&P Signs and symptoms

Family history Positive paternal or maternal history of overweight or obesity
Patient history High-caloric intake, meals rich in high-fructose syrup, sedentary lifestyle
Body habitus Height, weight, waist circumference, fat pad with calipers, gynecomastia
Tegumentary Loss of body hair, reduced shaving, hot flushes, sweats
Psychoneural Depression, impaired cognition, poor concentration and memory, sleep 

disturbance, increased sleepiness
Musculoskeletal Weakness, fatigue, reduced muscle bulk, osteopenia, or osteoporosis
Genitourinary Testicular size with orchidometer, infertility, low sperm count, decreased 

libido, ED and/or LUTS, prostate cancer
Cardiorespiratory CVD, OSA
Endocrine TT levels below the normal range on at least two consecutive tests  

[<300 ng/dl, or according to some experts <270 ng/dl], LH levels, FSH 
levels, PRL levels. bT and fT levels can be calculated to confirm the  
presence of hypogonadism

Hematopoietic Normochromic, normocytic anemia [due to a lack of erythropoietin 
stimulation by testosterone]

bT bioavailable testosterone, CVD cardiovascular disease, ED erectile dysfunction, FSH follitropin 
or follicle stimulating hormone, fT free testosterone, H&P History and Physical Examination, LH 
lutropin or luteinizing hormone, LUTS lower urinary tract symptoms, ng/dl nanograms per decili-
ter, OSA obstructive sleep apnea, PRL prolactin, TT total testosterone
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weight loss and a drop in the BMI. When used in men with overweight or obesity, and 
hypogonadism, TRT induces significant weight loss. The absolute decrease in weight 
is greater in men with a greater degree of adiposity. Based on this evidence and on the 
amelioration of multiple hypogonadism-related symptoms, it has been suggested that 
TRT should be an integral part of the management of overweight or obesity in men 
who also suffer from hypogonadism. The use of TRT is better justified as first line of 
management in men with hypogonadal overweight or obesity than in men with bariat-
ric hypogonadism. In the former, the etiology lies in a deficiency in testicular ste-
roidogenesis, and therefore, the replacement of T to normalize levels is more logical.

15.4.2  Efficacy and Safety of Other Medications

15.4.2.1  Aromatase Inhibitors

Since many men with overweight or obesity have elevated circulating estrogen lev-
els, the use of aromatase inhibitors has been studied as a potential treatment of 
hypogonadotropic hypogonadism. Initially, testolactone was investigated and its 
use resulted in increases in serum LH and T levels, with concomitant reductions on 
serum E2. Subsequently, letrazole was shown to produce similar results. However, 
in spite of its effects on endocrine parameters, letrazole had no impact on psycho-
logical function; body composition; capacity for physical activity; or glucose, lipid, 
and bone metabolism.

15.4.2.2  Clomiphene Citrate

A significant drawback of TRT in young men is that in elevating the circulating T 
levels, there may be suppression of the hypothalamus and pituitary. Thus, TRT leads 
to tertiary gonadal suppression and infertility. Therefore, other than for men with 
hypogonadal overweight or obesity where the cause is primary hypogonadism, 
treatment with clomiphene citrate should be considered. Although approved in the 
USA for the treatment of infertility in women, off-label use of clomiphene is appro-
priate for men. Clomiphene has been used in men since the 1960s. Clomiphene 
stimulates spermatogenesis by raising the endogenous serum FSH, LH, and T levels 
to initiate and maintain gametogenesis. There are improvements in the sperm count, 
sperm motility, and sperm morphology in response to clomiphene treatment.

15.4.3  Bariatric Surgery in the Management of Hypogonadism 
in Men with Obesity

In patients with stage 3 or higher obesity, bariatric surgery has a positive impact on 
their hypogonadotropic hypogonadism. Weight loss achieved 1 year after bariatric 
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surgery leads to increases in TT, fT, SHBG, and FSH, as well as decreases in E2 
and PRL, but LH sometimes remains unchanged. The type of bariatric surgery 
does not appear to make a difference in the improvement of bariatric hypogonad-
ism, with all types resulting in normalization or near normalization of testicular 
function.

15.4.4  Vitamin D in the Management of Hypogonadism 
in Men with Overweight or Obesity

Given that the relationship between overweight or obesity and reduced vitamin D 
levels is well established, and that vitamin D increases TT, bT, and fT levels, vita-
min D supplementation should be considered as an inexpensive add on to the 
management of bariatric hypogonadism. Weight loss after bariatric surgery is 
associated with increases in vitamin D, but these increases do not normalize lev-
els. Therefore, ingestion of at least 3000 IU vitamin D/day is needed to ensure 
sufficiency.

15.4.5  Lifestyle Modifications and Their Impact 
on Hypogonadism and Erectile Dysfunction  
in Men with Overweight or Obesity

Use of a meal-replacement regimen [Optifast®] results in improved plasma T levels. 
ED is also improved by nutritional intervention. A switch to the Mediterranean meal 
pattern improves erectile function as determined by the International Index of 
Erectile Function 5 [IIEF-5]. Physical activity improves circulating T levels, erectile 
function, and lower urinary tract symptoms (LUTS). Both TT and fT levels are 
increased by high-volume physical activity. Both high-volume and low-volume 
physical activities reverse ED and LUTS, as determined by the IIEF-5 and the 
International Prostate Symptom Scale, respectively.

15.4.6  Management of ED in Men with Overweight or Obesity

Use of a meal replacement regimen results in improved ED. Weight loss result-
ing from lifestyle changes tends to improve ED in many, but not all patients, and 
improvement in T levels does not predict resolution of ED. Bariatric surgery, on 
the other hand, improves ED in association with elevations in TT and fT levels. 
Phosphodiesterase inhibitors are appropriate therapy for ED in men with bariat-
ric hypogonadism, if there are no contraindications.
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15.4.7  Management of Children and Adolescents 
with Overweight or Obesity

Many of the alterations observed in men with overweight or obesity are not present 
in boys with overweight or obesity until the end of their pubertal development. One 
has time to undertake preventive measures to control excess adiposity in these 
patients. Hopefully, implemented in time, these measures should result in normal 
sexual function during adulthood.

15.5  Conclusion

15.5.1  What We Want

In bariatric endocrinology we want effective and safe management protocols that 
are appropriate for each individual patient, based on their medical status and life-
time goals.

15.5.2  What We Know

The degree of weight loss, either after bariatric surgery or due to a low-calorie 
meal plan, determines how well gonadal function is normalized. Similar data is 
not available yet for the long-term weight loss achieved through the implementa-
tion of a life-long chronic disease management program that includes 
pharmacotherapy.

15.5.3  What We Need to Know

To date, the data regarding the effects of overweight, obesity, and adiposopathy on 
male sexual function are at a suboptimal level of evidence. Larger, well-controlled 
studies are needed to both finish characterizing these alterations and to optimize 
their management. Just recently, the American Society for Reproductive Medicine 
issued an opinion on obesity and reproduction. However, even in this well-written 
document, there is scarce information on the reproductive disorders of men with 
overweight or obesity.
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15.5.4  Summary

The management of the male patient with overweight or obesity, and adiposopathy, 
who presents with confirmed hypogonadism, starts with determining the root of the 
problem. If hypogonadism is a consequence of weight gain and adiposopathy, 
weight management should take precedence. On the other hand, if weight gain was 
caused by hypogonadism, then directly addressing the alteration[s] in the hypotha-
lamic-pituitary-gonadal axis will resolve the hypogonadism and ameliorate the adi-
pose tissue abnormalities.

Table 15.2 offers an oversimplified summary of the interrelationship between 
overweight or obesity and hypogonadism in men. Overweight or obesity, 
through direct effects, or as a result of the constituent adiposopathy, affects neg-
atively, and in a variety of ways, every component of the hypothalamic-pitu-
itary-testicular axis. Therefore, patients with overweight or obesity can 
simultaneously have primary, secondary, and tertiary hypogonadism. The clini-
cal result is hypogonadism with impairment of both testicular steroidogenesis 
and spermatogenesis.

Table 15.2 Relationship between overweight or obesity and male hypogonadism

Tissue or cell 
type Normal function Overweight or obesity

Adipocytes Produce Lep, produce low 
levels of E2

Produce high levels of Lep, produce high 
levels of E2

KISS neurons Produce kisspeptin. Lep 
stimulates KISS neuron 
function

High E2 levels, inflammation, and INS 
resistance inhibit KISS neuron function. 
Obesity inhibits Lep stimulation of KISS 
neuron function

GnRH neurons Produce GnRH, kisspeptin 
stimulates GnRH neuron 
function

GnRH production is reduced. GnRH neuron 
response to kisspeptin may be impaired

Gonadotrophs Produce LH and FSH, GnRH 
stimulates gonadotroph 
function

Gn production is reduced. Gonadotroph 
response to GnRH may be impaired

Leydig cells Produce T and E2, LH 
stimulates Leydig cell function

T and E2 are reduced. Leydig cell response to 
LH is impaired. Obesity inhibits Lep 
stimulation of Leydig cell function

Sertoli cells Regulates normal 
spermatogenesis, FSH and E2 
regulate Sertoli cell function

Spermatogenesis is impaired. Sertoli cell 
response to FSH may be impaired

E2 estradiol, FSH follitropin or follicle-stimulating hormone, Gn gonadotropin, GnRH gonadorelin 
or gonadotropin-releasing hormone, INS insulin, KISS kisspeptin, Lep leptin, LH lutropin or lutein-
izing hormone, T testosterone

15 Gonadal Dysfunction in Males with Overweight or Obesity, and Adiposopathy



280

Reading List

Bendre SV, Murray PJ, Basaria S. Clomiphene citrate effectively increases testosterone in obese, 
young, hypogonadal men. Reprod Syst Sex Dis Curr Res. 2015;4(4):1–8.

Bhasin S, Cunningham GR, Hayes FJ, Matsumoto AM, Snyder PJ, Swerdloff RS, et al. Clinical 
practice guideline: testosterone therapy in men with androgen deficiency syndromes: an 
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 2010;95:2536–59.

Botella-Carretero JI, Balsa JA, Gómez-Martin JM, Peromingo R, Huerta L, Carrasco M, et  al. 
Circulating free testosterone in obese men after bariatric surgery increases in parallel with 
insulin sensitivity. J Endocrinol Investig. 2013;36:227–32.

Calderón B, Galdón A, Calañas A, Peromingo R, Galindo J, García-Moreno F, et al. Effects of 
bariatric surgery on male obesity-associated secondary hypogonadism: comparison of laparo-
scopic gastric bypass with restrictive procedures. Obes Surg. 2014;24(10):1686–92.

Corona G, Rastrelli G, Monami M, Saad F, Luconi M, Lucchese M, et al. Body weight loss reverts 
obesity-associated hypogonadotropic hypogonadism: a systematic review and meta-analysis. 
Eur J Endocrinol. 2013;168(6):829–43.

De Boer H, Verschoor L, Ruinemans-Koerts J, Jansen M.  Letrozole normalizes serum testos-
terone in severely obese men with hypogonadotropic hypogonadism. Diabetes Obes Metab. 
2005;7:211–5.

Dozio E, Barassi A, Dogliotti G, Malavazos AE, Colpi GM, D’Eril GVM, et  al. Adipokines, 
hormonal parameters, and cardiovascular risk factors: similarities and differences between 
patients with erectile dysfunction of arteriogenic and nonarteriogenic origin. J Sex Med. 
2012;9:2370–7.

Esposito K, Giugliano F, Di Palo C, Giugliano G, Marfella R, D’Andrea F, et al. Effect of life-
style changes on erectile dysfunction in obese men: a randomized controlled trial. JAMA. 
2004;291(24):2978–84.

George JT, Millar RP, Anderson RA. Hypothesis: kisspeptin mediates male hypogonadism in obe-
sity and type 2 diabetes. Neuroendocrinology. 2010;91:302–7.

Grunstein RR, Handelsman DJ, Lawrenc SJ, Blackwell C, Caterson ID, Sullivan 
CE. Neuroendocrine dysfunction in sleep apnea: reversal by continuous positive airways pres-
sure therapy. J Clin Endocrinol Metab. 1989;68:352–8.

Grunstein RR, Stenlof K, Hedner J, Sjöström L. Impact of obstructive sleep apnea and sleepiness 
on metabolic and cardiovascular risk factors in the Swedish Obese Subjects (SOS) Study. Int J 
Obes Relat Metab Disord. 1995;19:410–8.

Hammoud AO, Wilde N, Gibson M, Parks A, Carrell DT, Meikle AW. Male obesity and alteration 
in sperm parameters. Fertil Steril. 2008;90:2222–5.

Hammoud A, Gibson M, Hunt SC, Adams TD, Carrell DT, Kolotkin RL, et al. Effect of Roux-en-Y 
gastric bypass surgery on the sex steroids and quality of life in obese men. J Clin Endocrinol 
Metab. 2009;94:1329–32.

Han TS, Tajar A, O’Neill TW, Jiang M, Bartfai G, Boonen S, et al. Impaired quality of life and sex-
ual function in overweight and obese men: the European Male Ageing Study. Eur J Endocrinol. 
2011;164:1003–11.

Helo S, Ellen J, Mechlin C, Feustel P, Grossman M, Ditkoff E, et al. A randomized prospective 
double-blind comparison trial of clomiphene citrate and anastrozole in raising testosterone in 
hypogonadal infertile men. J Sex Med. 2015;12(8):1761–9. Epub 2015/07/16.

Hofstra J, Loves S, van Wageningen B, Ruinemans-Koerts J, Jansen I, de Boer H. High preva-
lence of hypogonadotropic hypogonadism in men referred for obesity treatment. Neth J Med. 
2008;66(3):103–9.

Hoyos CM, Killick R, Yee BJ, Grunstein RR, Liu PY. Effects of testosterone therapy on sleep and 
breathing in obese men with severe obstructive sleep apnoea: a randomized placebo-controlled 
trial. Clin Endocrinol. 2012;77:599–607.

J. M. Gonzalez-Campoy



281

Isidori AM, Caprio M, Strollo F, Moretti C, Frajese G, Isidori A, et al. Leptin and androgens in 
male obesity: evidence for leptin contribution to reduced androgen levels. J Clin Endocrinol 
Metab. 1999;84:3673–80.

Khoo J, Tian H-H, Tan B, Chew K, Ng C-S, Leong D, et al. Comparing effects of low- and high-
volume moderate intensity exercise on sexual function and testosterone in obese men. J Sex 
Med. 2013;10:1823–32.

Khoo J, Ling P-S, Tan J, Teo A, Ng H-L, Chen RY-T, et al. Comparing the effects of meal replace-
ments with reduced-fat diet on weight, sexual and endothelial function, testosterone and quality 
of life in obese Asian men. Int J Impot Res. 2014;26:61–6.

Kolotkin RL, Zunker C, Østbye T.  Sexual functioning and obesity: a review. Obesity. 
2012;20:2325–33.

Liu PY, Yee B, Wishart SM, Jimenez M, Jung DG, Grunstein RR, et al. The short-term effects of 
high-dose testosterone on sleep, breathing, and function in older men. J Clin Endocrinol Metab. 
2003;88:3605–13.

Loves S, Ruinemans-Koerts J, de Boer H. Letrozole once a week normalizes serum testosterone in 
obesity-related male hypogonadism. Eur J Endocrinol. 2008;158(5):741–7.

Loves S, de Jong J, van Sorge A, Telting D, Tack CJ, Hermus A, et al. Somatic and psychological 
effects of low-dose aromatase inhibition in men with obesity-related hypogonadotropic hypo-
testosteronemia. Eur J Endocrinol. 2013;169(5):705–14.

Mammi C, Calanchini M, Antelmi A, Cinti F, Rosano GMC, Lenzi A, et al. Androgens and adipose 
tissue in males: a complex and reciprocal interplay. Int J Endocrinol. 2012;2012:1–8.

Nguyen RHN, Wilcox AJ, Skjærven R, Baird DD. Men’s body mass index and infertility. Hum 
Reprod. 2007;22(9):2488–93.

Pasquali R. Obesity and androgens: facts and perspectives. Fertil Steril. 2006;85(5):1319–40.
Patankar SS, Kaore SB, Sawane MV, Mishra NV, Deshkar AM. Effect of clomiphene citrate on 

sperm density in male partners of infertile couples. Indian J Physiol Pharmacol. 2007;51(2):195–
8. Epub 2008/01/08.

Pellitero S, Olaizola I, Alastrue A, Martínez E, Granada ML, Balibrea JM, et al. Hypogonadotropic 
hypogonadism in morbidly obese males is reversed after bariatric surgery. Obes Surg. 
2012;22:1835–42.

Pilz S, Frisch S, Koertke H, Kuhn J, Dreier J, Obermayer-Pietsch B, et al. Effect of vitamin D 
supplementation on testosterone levels in men. Horm Metab Res. 2011;43:223–5.

Practice Committee of the American Society for Reproductive Medicine. Obesity and reproduc-
tion: a committee opinion. Fertil Steril. 2015;104:1116–26.

Pramyothin P, Holick MF. Serum 25-hydroxyvitamin D levels after bariatric surgery. Clin Rev 
Bone Miner Metab. 2014;12:234–9.

Reis LO, Favaro WJ, Barreiro GC, de Oliveira LC, Chaim EA, Ferreira AU. Erectile dysfunction 
and hormonal imbalance in morbidly obese male is reversed after gastric bypass surgery: a 
prospective randomized controlled trial. Int J Androl. 2010;33:736–44.

Sallmén M, Sandler DP, Hoppin JA, Blair A, Baird DD. Reduced fertility among overweight and 
obese men. Epidemiology. 2006;17:520–3.

Soskić S, Stokić E, Isenović ER. The relationship between vitamin D and obesity. Curr Med Res 
Opin. 2014;30:1197–9.

Strain GW, Zumoff B, Kream J, Strain JJ, Deucher R, Rosenfeld RS, et al. Mild hypogonadotropic 
hypogonadism in obese men. Metabolism. 1982;31:871–5.

Strain GW, Zumoff B, Miller LK, Rosner W, Levit C, Kalin M, et al. Effect of massive weight 
loss on hypothalamic-pituitary-gonadal function in obese men. J Clin Endocrinol Metab. 
1988;66:1019–23.

Traish AM.  Testosterone and weight loss: the evidence. Curr Opin Endocrinol Diabetes Obes. 
2014;21:313–22.

15 Gonadal Dysfunction in Males with Overweight or Obesity, and Adiposopathy



282

Vandewalle S, De Schepper J, Kaufman J-M. Androgens and obesity in male adolescents. Curr 
Opin Endocrinol Diabetes Obes. 2015;22:230–7.

Wu FCW, Tajar A, Beynon JM, Pye SR, Silman AJ, Finn JD, et al. Identification of late-onset 
hypogonadism in middle-aged and elderly men. N Engl J Med. 2010;363:123–35.

Young T, Peppard PE, Taheri S. Excess weight and sleep-disordered breathing. J Appl Physiol. 
2005;99:1592–9.

Zumoff B. Hormonal abnormalities in obesity. Acta Med Scand. 1987;222(S723):153–60.
Zumoff B, Strain GW, Miller LK, Rosner W, Senie R, Seres DS, et al. Plasma free and non-sex-

hormone-binding-globulin-bound testosterone are decreased in obese men in proportion to 
their degree of obesity. J Clin Endocrinol Metab. 1990;71:929–31.

Zumoff B, Miller LK, Strain GW. Reversal of the hypogonadotropic hypogonadism of obese men 
by administration of the aromatase inhibitor testolactone. Metabolism. 2003;52:1126–8.

J. M. Gonzalez-Campoy



283© Springer Nature Switzerland AG 2019 
J. M. Gonzalez-Campoy et al. (eds.), Bariatric Endocrinology, 
https://doi.org/10.1007/978-3-319-95655-8_16

Chapter 16
Gonadal Dysfunction and Infertility  
in Women with Obesity

J. Michael Gonzalez-Campoy

J. M. Gonzalez-Campoy  
Minnesota Center for Obesity, Metabolism and Endocrinology, PA (MNCOME),  
Eagan, MN, USA
e-mail: drmike@mncome.com

Pearls of Wisdom
• Overweight or obesity in women affect reproductive function, even in the 

absence of polycystic ovarian syndrome.
• Overweight or obesity affect the reproductive function of women at all 

levels, and in all facets of their lives, from ovarian function to the health of 
their progeny.

• Successful management of overweight or obesity and their systemic com-
plications will generally result in the resolution of reproductive issues.

• Weight loss for the improvement of reproductive function should be multi-
faceted, ensuring that caloric intake is reduced but that the nutritional qual-
ity of the hypocaloric meal plan is improved, and supplementing it with 
increased physical activity.

• Bariatric surgery in women with obesity does not result in the resolution of 
all their reproductive problems.

16.1  Introduction

This chapter discusses gonadal dysfunction and infertility in women with overweight 
or obesity, and adiposopathy. Polycystic ovarian syndrome (PCOS) affects one in 20 
women, and it is a leading cause of infertility. Yet, PCOS affects only a small number 
of women with overweight and obesity. In the absence of PCOS, there are changes 
associated with obesity that affect the gonadal axis in women. This chapter will address 
gonadal dysfunction in women with overweight or obesity who do not have PCOS.
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16.2  Background

Overweight and obesity have been recognized as a cause of infertility since the time 
of Hippocrates. Overweight and obesity lead to a state of either relative or absolute 
insulin (INS) resistance. They also lead to the development of hypogonadotropic 
hypogonadism. The consequences of overweight or obesity on female reproduction 
are important, especially when increased abdominal adiposity is present. They include:

• Infertility
• Low assisted reproductive technologies (ART) efficacy
• Miscarriages
• Congenital abnormalities
• Obstetrical and neonatal complications
• Hormonal contraception inefficacy

Female overweight and obesity have been clearly related to poor reproductive out-
comes in both natural and assisted conception. These effects are partially corrected by 
weight loss, which can be achieved by behavioral, medical, or surgical treatment.

16.3  Endocrine Alterations in Women with Overweight 
or Obesity

In women with overweight or obesity, endocrine alterations include the reduction of 
sex hormone-binding globulin (SHBG) (especially if increased abdominal adiposity 
is present), hyperleptinemia, decreased adiponectin secretion, INS resistance, 
hyperinsulinemia, increased gonadotropin and inhibin B levels, and elevated andro-
gens levels (Table 16.1).

Table 16.1 Female reproductive endocrinology and changes in overweight or obesity

Tissue or cell type Normal function Obesity

β-cells Produce INS Through induction of INS resistance, INS 
production is increased

White adipocytes Produce Lep Obesity and elevated INS induce increased Lep 
production
Adiponectin secretion is decreased

Liver Produces SHBG Increased INS decreases SHBG
GnRH neurons Produce GnRH

Lep regulates GnRH 
neuron function

Elevated Lep and T induce increased GnRH 
production

Gonadotrophs Produce LH and FSH LH production is increased, but FSH production 
is not

Ovary Produces sex steroids
Responsible for 
oogenesis

P4 production is decreased and T production is 
increased
Oogenesis is altered

Abbreviations: FSH follitropin or follicle-stimulating hormone, GnRH gonadotropin-releasing 
hormone, INS insulin, Lep leptin, LH lutropin or luteinizing hormone, P4 progesterone, SHBG sex 
hormone-binding globulin, T testosterone
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Premenopausal women with central obesity have higher testosterone (T) produc-
tion and clearance than those with peripheral obesity. Women with overweight or 
obesity have reduced success rates per cycle, and this is associated with central adi-
posity. The risk of infertility in women with obesity is three times greater than in 
women who do not have obesity. Smoking increases the odds of infertility. ART 
success is compromised in women with obesity, and the efficacy of ART decreases 
with increasing fat mass.

16.4  Reproductive Issues in Women with Obesity

In women with overweight or obesity, an increase in the number of adipocytes 
results in a multitude of changes. There are increased levels of leptin (Lep), INS, 
and luteinizing hormone (LH) but not follicle-stimulating hormone (FSH). The net 
effect of these changes is to stimulate the partial development of follicles that secrete 
supraphysiological levels of T, but which rarely ovulate due to reduced progesterone 
(P4) levels. These changes are enhanced by an INS-induced reduction in SHBG, 
which amplifies ovarian T production and action.

The negative effects of overweight or obesity on a woman’s reproductive func-
tion are complex. Obesity in women who have a pregnancy negatively affects their 
progeny throughout their lives. An unhealthy maternal lifestyle leads to maternal 
obesity, which results in adiposopathy. Maternal adiposopathy causes an increase in 
maternal Lep levels. On the other hand, there is a reduction in placental and mater-
nal leptin receptor (Lep-R) expression. The consequence of this is placental resis-
tance to Lep, which in turn leads to increased fetal Lep levels. Impaired fetal growth 
can result in an increase in the number and size of adipocytes and an increase in INS 
resistance in adulthood. Adiposopathy leads to an altered hypothalamic-pituitary-
ovarian axis in women with obesity. Obesity in turn is responsible for epigenetic 
changes that can lead to adiposopathy and other endocrine disorders in the progeny 
of these women. Treatment that results in the resolution of overweight or obesity 
and its accompanying adiposopathy leads to the normalization of these alterations. 
It is important to implement treatment for overweight or obesity, and adiposopathy, 
in advance of pregnancy. This improves the patient’s overall health. It also improves 
the likelihood of a normal pregnancy and a healthy baby who will not suffer any 
maternal obesity-associated health issues in adulthood.

Reproductive alterations in women with overweight or obesity are not limited to 
the gynecological realm. In women with overweight or obesity, implantation, preg-
nancy, and live birth rates are reduced. Women with obesity who require ART have 
a lower ovarian response. There is a reduced number of mature oocytes, embryos, 
and ongoing day-3 embryos obtained from these patients. The lower ovarian 
response to ART in women with obesity may be due to alterations in the metabolism 
of amino acids, triglycerides, fatty acids, and carbohydrates in the embryos from 
these mothers.

Women with overweight or obesity who are pregnant have a threefold greater 
chance of suffering an early spontaneous abortion. The increased risk of early 
 spontaneous abortion correlates with the degree of obesity. INS resistance is an 
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important mechanism of action for the increased risk of spontaneous abortion in 
women with overweight or obesity.

The risk of congenital abnormalities is increased in pregnancies among women 
with obesity. In infertility medicine, the ultimate goal is a healthy 1-year-old baby. 
Therefore, anything that interferes with this goal should be considered when man-
aging a woman and/or a couple.

16.5  Evaluation

As in any other clinical situation, a comprehensive history and physical examination 
are required to evaluate the gonadal axis in women with obesity. The major goal of 
the initial visit is to distinguish between pure obesity-related gonadal axis derange-
ments and PCOS. A thorough reproductive history is necessary. Women with obe-
sity have a 31% decrease in conception during the first years after stopping 
contraception. In these women, tobacco use increases the risk of delayed conception 
by over 11-fold. The proposed mechanism of action is the disturbance of the men-
strual cycle. Factors involved are not restricted to adulthood, as obesity during 
childhood increases the risk of menstrual abnormalities in adulthood by 57%. 
Therefore, documenting a temporal profile of contraceptive use and tobacco use 
needs to be a part of the initial assessment.

Table 16.2 summarizes the steps to evaluate a woman with obesity in the context 
of reproductive function.

Table 16.2 Evaluation of a woman with obesity: emphasis on reproductive health

System Signs and symptoms

History Weight history
History of tobacco use
Dietary intake
Family history of obesity
Socioeconomic status

Body habitus Height
Weight
Waist circumference
Fat pad with calipers

Reproductive Menstrual history
Presence of infertility
Contraceptive history
History of failed ART
Ovarian ultrasound

Endocrine ↑ LH levels
Normal FSH levels
↑ INS levels
↑ Lep levels
↑ TT and other androgen levels
↓ E2 and P4 levels

Abbreviations: ART assisted reproductive technologies, E2 estradiol, FSH follicle-stimulating hor-
mone, INS insulin, Lep leptin, LH luteinizing hormone, P4 progesterone, TT total testosterone
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16.6  Management of Adiposopathy-Related Reproductive 
Problems

Management of adiposopathy-related reproductive problems in women includes 
four types of interventions:

 1. Lifestyle modification
 2. Psychological support measures
 3. Medical therapy
 4. Bariatric surgery

16.6.1  Lifestyle Modifications and Their Impact on Reproductive 
Function in Women with Overweight or Obesity

Chapters 19 and 20 in this textbook address nutritional interventions and physical 
activity for the management of overweight, obesity, and adiposopathy. The most 
cost-effective therapy for women with infertility and overweight or obesity is a 
hypocaloric meal plan. This increases SHBG. Nutritional management should have 
the dual goal of reducing caloric intake and improving the nutritional quality of 
meals. An example of this is that adequate intake of omega-3 fatty acids is associ-
ated with better embryo quality in patients with overweight or obesity. Additionally, 
patients should be made aware that although intensive physical activity yields faster 
results, it is the total periodic load of physical activity that will lead to improved 
metabolic health. They should be made aware that many less intensive activities, 
such as walking and gardening, can lead to improved overall and reproductive 
health. Furthermore, a combination of nutrition and physical activity can, in as little 
as 6 months, produce a weight loss that results in live births in 2/3 of women, com-
pared to none in women without such a regimen. Another important lifestyle modi-
fication that will improve reproductive function is smoking cessation. Therefore, 
counseling of patients can be useful in addressing and improving multiple lifestyle 
factors.

16.6.2  Pharmacological Management of Reproductive  
Issues in Women with Overweight or Obesity

Chapter 21 in this textbook covers the pharmacological management of overweight, 
obesity, and adiposopathy. These therapies may be implemented in women who do 
not desire a pregnancy now. For women actively trying to achieve a pregnancy, 
metformin lowers insulin resistance in the liver and favorably impacts female repro-
duction. These benefits are amplified when metformin is used in combination with 
a hypocaloric meal plan. Resveratrol may be a useful compound to normalize SHBG 
levels in women with obesity.
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16.6.3  Bariatric Surgery and Its Impact on the Reproductive 
Health of Women

Bariatric surgery, by significantly reducing weight and adiposity, and treating adi-
posopathy, improves the overall and endocrine health of women with obesity. There 
is also a beneficial effect on reproductive function, with decreased adverse maternal 
and neonatal outcomes in women who achieve a pregnancy after bariatric surgery, 
compared to women with obesity who did not have surgery.

16.7  Conclusions

16.7.1  What We Want

The goal of a reproductive endocrinologist treating a woman with infertility is to 
allow the patient to have a healthy 1-year-old child. Overweight and obesity inter-
fere with this goal at multiple levels. The menstrual cycle is altered due to ovulatory 
dysfunction, and this leads to an increased risk for infertility and poor response to 
fertility drugs. Once there is a pregnancy, a woman with overweight or obesity faces 
an increased risk for miscarriage, both spontaneously and after infertility treatment. 
Labor is often complicated and can result in increased risk for neonatal morbidity 
and mortality. Therefore, maintaining normal endocrine ovarian function is impor-
tant in ensuring the overall health of a woman. We want women with overweight or 
obesity to be able to achieve a pregnancy successfully. Weight management must be 
instituted as early as possible to help achieve this goal.

16.7.2  What We Know

Overweight, obesity, and adiposopathy in women have various deleterious conse-
quences on the reproductive system. Women with overweight, obesity, and/or adi-
posopathy are affected in all facets of their lives. There are alterations in their 
reproductive capacity and the ability to safely carry a pregnancy. There is increased 
risk for obesity and other morbidities in their daughters. Treatment that results in a 
significant reduction of adiposity and reverts adiposopathy is associated with 
improvement and even normalization of female reproduction.

16.7.3  What We Need to Know

The immense majority of the information available on the reproductive function of 
women with overweight or obesity, and adiposopathy, is related to patients with 
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PCOS. Currently, there is very little high-quality information regarding the effects 
of adiposity or adiposopathy on the reproductive function of women. Large, well-
designed studies are needed in order to provide conclusive guidance on the adequate 
management of women with obesity.
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Chapter 17
Neoplasia in Patients with Excess Fat Mass

Daniel L. Hurley

17.1  Introduction

The Centers for Disease Control and Prevention lists cancer as the second leading 
cause of death in the United States (US). An increase in fat mass (adiposity) in both 
men and women leading to overweight or obesity is associated with an increased 
risk of  certain types of cancer. The number of cancers attributed to adiposity is 

Pearls of Wisdom
• A healthy meal plan and regular physical activity have been associated 

with a lower incidence of obesity-related cancers.
• Increasing adiposity, defined by body mass index, is associated with 

increasing cancer incidence for many adult cancers, in both men and 
women who have overweight or obesity.

• Increased waist circumference is a better predictor of obesity-related can-
cers than body mass index.

• Adiposopathy, manifested by increased oxidative stress, tissue inflammation, 
insulin resistance, and an elevated waist circumference, leads to dysmetabolic 
syndrome, type 2 diabetes mellitus, and an increased risk of cancer.

• Avoiding adult weight gain and achieving weight loss may each confer 
protection against obesity-related cancers, particularly among women after 
the menopause who do not use hormone replacement therapy.
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estimated at 20%, with increased risk of malignancy influenced by nutritional hab-
its, weight gain, central body fat, and physical inactivity. Reports from the 
International Agency for Research into Cancer and the World Cancer Research 
Fund (WCRF) have shown strong evidence for an association between obesity and 
endometrial, esophageal, colorectal, postmenopausal breast, prostate, and renal 
malignancies. On the other hand, obesity is less commonly associated with leuke-
mia, non-Hodgkin’s lymphoma, multiple myeloma, malignant melanoma, and 
thyroid cancer. A prospective study in the United Kingdom identified 166,955 indi-
viduals with cancer during 7.5 years of observation from a cohort of 5.24 million 
adults without a previous diagnosis of cancer. In this study, an increased body mass 
index (BMI) was associated with a greater risk for cancers of the gallbladder, liver, 
colon, ovary, postmenopausal breast, cervix, endometrium, kidney, and thyroid, as 
well as leukemia. Adiposity in adult Canadians is reported to account for 7.7% of 
all adult cancers (9.7% in men and 5.9% in women). Obesity increased the risk of 
both overall cancer and specific cancers, to include cancers of the ovary, postmeno-
pausal breast, pancreas, colon, rectum, kidney, and prostate as well as non-Hodg-
kin’s lymphoma, leukemia, and multiple myeloma. A meta-analysis of 141 studies 
that included 282,137 cancer cases found that a BMI increase of 5 kilograms/
meter2 (kg/m2) was associated with more frequent esophageal, colon, renal, and 
thyroid cancers in men and gallbladder, esophageal, endometrial, and renal cancers 
in women (Fig. 17.1). In an attempt to determine the degree of adiposity for obe-
sity-related cancer risk, a cohort of 144,701 postmenopausal women in the 
Women’s Health Initiative (WHI) trial were studied for the interaction between 17 
cancer types, 6 anthropometric measures (weight, BMI, weight-to-height ratio, 
waist circumference [WC], waist-to-hip ratio [WHR], and waist-to-height ratio), 
and hormone replacement therapy (HRT) use. Colorectal, breast, endometrium, 
kidney, and all cancers combined were positively associated with all six anthropo-
metric measures, whereas lung cancer among women who ever smoked tobacco 
was inversely associated with all measures except WHR. The ability to discrimi-
nate derived anthropometric cutoffs was generally poor, varied across cancer types 
(e.g., BMI cutoffs for breast and endometrium cancers were 30 kg/m2 and 34 kg/
m2, respectively), and also depended on HRT use, with the indices cutoffs for pre-
dicting 5-year and 10-year cancer incidence higher among women who never used 
HRT.

In addition to excess adiposity, a sedentary lifestyle has been associated with 
increased cancer risk. Schmid and colleagues focused on a review of 43 observa-
tional studies on this topic, using random-effects meta-analysis and meta-regres-
sion for 68,936 cancer cases analyzed. The relative risk (RR) of colon cancer 
between the highest versus lowest levels of sedentary time, was 1.54 for television 
viewing time, 1.24 for occupational sitting time, and 1.24 for total sitting time. For 
endometrial cancer, the RR was 1.66 for television viewing time and 1.32 for total 
sitting time. A positive association with overall sedentary behavior was also noted 
for lung cancer (RR = 1.21), but sedentary behavior was unrelated to cancers of the 
breast, ovaries, prostate, esophagus, stomach, rectum, kidneys, and non-Hodgkin 
lymphoma.
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17.2  Observational and Epidemiological Data:  
Usefulness and Limitations

A plant-based meal plan with moderate alcohol consumption has been associated 
with a reduced risk of obesity-related cancer. The World Cancer Research Fund 
(WCRF) and American Institute for Cancer Research (AICR) released eight 
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recommendations in 2007 related to healthy eating (to include increased plant 
foods, limited red and processed meats, and moderate alcohol consumption), adi-
posity, and physical activity targeted to prevent common cancers worldwide. These 
recommendations were operationalized during 7.7  years of follow-up in the 
Vitamins and Lifestyle Study cohort of 57,841 adults without prior diagnosis of 
cancer. Increased intake of plant foods and limiting foods that promote weight gain 
were strongly associated with decreased cancer mortality (hazard ratio [HR] 0.82, 
95% confidence interval [CI] 0.67–1.00 and HR 0.82, CI 0.70–0.96, respectively). 
Cancer mortality was 10% lower on average for each additional recommendation 
met (p  <  0.001), 61% lower in subjects who met at least five recommendations 
compared to those who met none, and did not differ by age or gender. A group of 
2983 adults from the Framingham Heart Study Offspring Cohort were followed 
prospectively to evaluate the association between healthy behaviors consistent with 
the cancer prevention guidelines. A food frequency questionnaire, anthropometric 
measures, and self-reported physical activity were used to construct a seven-compo-
nent score based on recommendations for body fatness, physical activity, and 
healthy eating behaviors. The overall score was not associated with obesity-related 
cancer risk after adjusting for age, gender, smoking, activity, and pre-existing condi-
tions. However, when score components were evaluated separately, for every unit 
increment decline in the alcohol score, there was 29% lower risk of obesity-related 
cancers and 49–71% reduced risk of breast, prostate, and colorectal cancers. Each 
unit increment increase in the component scores for nonstarchy plant foods (fruits, 
vegetables, and legumes) was associated with 66% reduced risk of colorectal can-
cer. Consuming a Mediterranean-type dietary pattern has also been reported to be 
beneficial for health and longevity. In the US, high versus low conformity to a 
Mediterranean-type dietary plan was assessed in 214,284 men and 166,012 women 
in the National Institutes of Health-American Association of Retired Persons Diet 
and Health Study. Cancer-specific mortality declined by 17% in men and 12% in 
women during 5 years of follow-up. The beneficial effect of a Mediterranean dietary 
pattern on mortality may be mediated by a number of mechanisms, to include a low 
omega-6-to-omega-3 fatty acid ratio, dietary antioxidant intake reducing oxidative 
stress and chronic inflammation, and increased fiber consumption.

Of interest is the relationship between adiposity (excess fat mass), the dysmeta-
bolic syndrome, and cancer. Overweight and obesity is commonly associated with  
the dysmetabolic syndrome, which is characterized by an increase in free fatty 
acids, triglycerides, glucose, and insulin resistance. Individual risk factors for the 
dysmetabolic syndrome have also been associated with increased cancer risk. 
Although the exact mechanism linking insulin resistance and cancer is unclear, 
hyperinsulinemia with increased insulin-like growth factor-1 (IGF-1) availability 
and oxidative stress appear to play a role in tumor initiation and progression. 
Oxidative stress occurs in the presence of hyperglycemia and increased free fatty 
acids and may disrupt mitosis of cells and result in deoxyribonucleic acid muta-
genesis and carcinogenesis. There is an increasing body of evidence to support a 
connection between obesity, type 2 diabetes mellitus (T2DM), and cancer. An 
elevated risk of cancer was found in a cohort of 25,268 adults with obesity and 
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T2DM registered in the Swedish National Diabetes Register. In men with T2DM, 
both overweight and obesity were associated with increased risk of all cancer 
(HRs, 1.13 and 1.17), gastrointestinal cancer [HRs, 1.34 and 1.40), and colorectal 
cancer (HRs, 1.59 and 1.62). In women with T2DM, obesity was associated with 
increased risk of all cancers (HR, 1.30), gastrointestinal cancer (HR, 1.40), and 
postmenopausal breast cancer (HR, 1.39). The Framingham Heart Study Offspring 
Cohort has tracked impaired fasting glucose (IFG) and  markers of insulin-glucose 
metabolism and cancer for over three decades with identification of 787 obesity-
related cancers, including 136 colorectal, 217 breast, and 219 prostate cancers. 
The presence of IFG 10–20 years and 20 years before a cancer diagnosis was asso-
ciated with 44% and 57% increased risk of obesity-related cancers, respectively. 
IFG was still associated with a 27% increased risk of cancer even with time-
dependent variables and after adjusting for age, gender, smoking, alcohol, and 
BMI. A stronger association was present in subjects with the highest insulin (HR, 
1.47) and hemoglobin A1C (HR, 1.54) levels. In the presence of IFG, a twofold 
increase in colorectal cancer risk was observed, but no increase in risk was seen 
for either breast or prostate cancer. Cancer risk may be lower among patients who 
have overweight or obesity and are metabolically healthy, compared to those with 
metabolic dysfunction, as seen in 3763 Framingham Heart Study adults. Subjects 
with increased adiposity (defined by BMI >25 kg/m2 or a WHR >0.51 for men and 
>0.57 for women) with elevated fasting blood glucose (FBG) >125 mg/dL had a 
significant twofold increased risk of developing obesity-related cancer, whereas 
those with normal FBG had a 50% increased risk. Normal-weight adults with 
elevated FBG had no excess cancer risk. Of note, the effects of BMI and WHR 
were independent of one another. Women in this study with elevated FBG had a 
2.6-fold increased risk of cervical, endometrial, and postmenopausal breast can-
cers, compared to women with normal FBG levels who had only a 70% increased 
cancer risk.

Adiposopathy is associated with a chronic inflammatory state and the develop-
ment of malignancy. Visceral adipose tissue secretes a number of adipocytokines 
such as leptin, interleukin (IL)-6, IL-8, IL-1beta, and tumor necrosis factor (TNF)-
alpha. These adipocytokines are linked to the Janus kinase (JAK)/STAT signal 
transduction in other tissues, which could result in an upregulation of a wide range 
of antiapoptotic, prometastatic, and proangiogenic genes. In addition, the gastroin-
testinal microbiome may be a potential risk factor for certain types of cancers. 
Altered microbial metabolism may contribute to the generation of procarcinogenic 
toxic metabolites, less nutrient availability resulting in metabolic dysregulation, 
and subclinical inflammation, all potentially contributing to tumor genesis. Finally, 
findings from a cohort of 368 adults who had historical exposure to a group of 
persistent organic pollutants and followed for 9 years suggested a potential rela-
tionship between pollutant residue in adipose tissue and the risk of cancer in men. 
However, in a 4-year National Health and Nutrition Examination Survey 
(NHANES), mortality associated with polychlorinated biphenyls and organochlo-
rine pesticides was inversely related to high fat mass and positively related to low 
fat mass.
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17.3  Prostate Cancer

The dysmetabolic syndrome has been associated with an increased risk of prostate 
cancer, although not in all studies. A biologic gradient seems to exist between the 
number of components of the dysmetabolic syndrome and both the risk of prostate 
cancer and a higher grade of cancer. Prostate-specific antigen (PSA) levels were 
followed at 2 and 4 years in a large study of 6426 men at risk for prostate cancer. 
Although only 3% of men had at least three components of the dysmetabolic syn-
drome, its presence was associated with an increased risk of high-grade prostate 
cancer (p = 0.02) and men with even two components of the dysmetabolic syn-
drome (n  =  724, 11%) had a trend toward more aggressive prostate cancer. Of 
interest, men with more components of the dysmetabolic syndrome had signifi-
cantly lower PSA levels (p < 0.029). The same gradient of risk with components of 
the dysmetabolic syndrome was seen in 2235 men undergoing prostate biopsy 
without prior cancer diagnosis, 22% of whom had the dysmetabolic syndrome. No 
individual dysmetabolic syndrome component was independently associated with 
cancer, but an increasing number of components was associated with a greater 
cancer risk and a higher grade of cancer, with the highest risk in those who had the 
dysmetabolic syndrome (odds ratio [OR], 1.54; p  = 0.002 and 1.56; p  = 0.003, 
respectively). Morote and colleagues found no difference in rates of biopsy-proven 
prostate cancer in 2408 men with and without the dysmetabolic syndrome (National 
Cholesterol Education Program, Adult Treatment Panel III [NCEP ATP III] defini-
tion) at 34.5% and 36.4%, respectively. However, the rate of high-grade prostate 
cancer (Gleason score 8–10) was significantly increased in those patients with the 
dysmetabolic syndrome compared to those without it (35.9% versus 23.9%, respec-
tively; p < 0.001).

Meta-analyses have consistently demonstrated a small but statistically signifi-
cant association between adiposity and prostate cancer. At the diagnosis of prostate 
cancer, low-grade prostate cancer has been reported to be less likely in men with 
obesity, whereas patients with obesity are more likely to have aggressive and 
advanced prostate cancer. A prospective cohort study analyzed data from 26,944 
men aged 50–64 years and found that the incidence of prostate cancer was similar 
or slightly lower in men with obesity, compared to men without it, but more 
advanced disease was present in those with obesity. The proportion of Stage 3–4 
cancer was 37% in the lowest BMI quartile and 48% in the highest BMI quartile 
(p = 0.006). Men with obesity and prostate cancer also had higher prostate cancer-
specific mortality (HR, 1.48; p = 0.002) when comparing the highest and lowest 
quartiles of BMI. This association was attenuated, but not eliminated, by statistical 
adjustment for cancer stage. A study of 6729 men examined the association between 
adiposity and cancer grade in which prostate biopsies were largely independent of 
PSA levels between 2.5 and 10.0  ng/mL.  Overall, 27% of men were of normal 
weight, 53% had overweight, and 20% had obesity. Multivariate analyses found 
obesity to be associated with a lower risk of low-grade prostate cancer (OR, 0.79; 
p = 0.01) and increased risk of high-grade prostate cancer (OR, 1.28; p = 0.04).
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Two nested case-control studies assessed men undergoing radical prostatectomy 
for prostate cancer when matched to controls. After adjusting for age and PSA 
 levels, men with obesity were more likely to present with higher grade Gleason 
grade 8–10 tumors (OR = 1.50; p = 0.003) and more aggressive cancer (OR = 1.30). 
A retrospective review analyzed 1213 men who underwent a transrectal ultrasound 
(TRUS)-guided prostate biopsy, 34% who had obesity and 28% positive for cancer. 
Men with obesity were less likely to have any abnormality on digital rectal 
 examination (8.1% vs. 15.9%, p < 0.001), but had a larger prostate (49.2 vs. 42.9 mL, 
p < 0.001), a higher risk of biopsy-positive prostate cancer detection (OR, 1.45), and 
a higher rate of high-grade disease by Gleason score (OR, 1.50) compared to men 
without obesity. In a cross-sectional study of men receiving radiotherapy for pros-
tate cancer, elevated BMI (p = 0.054) and WC (p = 0.040) were associated with an 
increased risk of high-grade cancer risk.

Adiposity has been associated with a decrease in serum PSA, and it has been 
postulated that hemodilution due to a greater body fat mass may lower PSA levels. 
Men with the dysmetabolic syndrome have reportedly lower serum PSA values rela-
tive to men of normal weight. Thus, there were concerns that PSA may be less 
accurate in detecting prostate cancer in men who have overweight or obesity. 
NHANES data showed that the dysmetabolic syndrome (defined by NCEP ATP III 
criteria) and higher FBG were the only factors independently associated with PSA 
levels in 3528 men, suggesting that the combined components comprising the dys-
metabolic syndrome have a greater negative influence on PSA levels than do the 
individual components. Both non-Hispanic-whites and Mexican-American men 
with the dysmetabolic syndrome had significantly lower PSA values relative to 
those men without the dysmetabolic syndrome (p = 0.01). However, several recent 
papers report that PSA levels are not lower in men with obesity and would not 
reduce the accuracy for predicting prostate cancer risk. Results of TRUS-guided 
prostate biopsies of 854 Chinese men with PSA values <20 ng/mL were reviewed 
and showed no relationship between adiposity and PSA levels. In this study there  
was no difference in mean PSA values and adiposity, but the TRUS volumes were 
greater (63.2 mL and 51.6 mL, respectively; p < 0.001) and PSA density signifi-
cantly lower in men with obesity (p < 0.001). A positive PSA density was associated 
with a fourfold increase (41.1% vs. 9.5%, p < 0.001) in prostate cancer risk, com-
pared to only twice the risk in men of normal weight (18.8% vs. 9.7%; p = 0.001). 
In addition, recent studies of large numbers of Asian and Italian men suggest that 
PSA levels are not necessarily lower and do not impair the accuracy of assessing 
prostate cancer risk, regardless of the BMI category of adiposity. Whether or not 
PSA density by TRUS will be clinically useful in predicting the risk of prostate 
cancer in men with increased adiposity is unclear at the present time.

Obesity alters circulating levels of insulin and adiponectin, two hormones that 
have been implicated as possible mediators in carcinogenesis. A nested case-control 
study of 272 prostate cancer cases (Gleason score >7 or T3-T4 cancer) compared to 
age and race matched controls found no association between adiponectin or 
C-peptide and risk of aggressive prostate cancer, although the highest quartile of 
C-peptide, compared with the lowest quartile, was associated with increased cancer 
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risk (OR, 1.41; CI, 0.72–2.78). Of interest, the role of body composition and oxida-
tive stress was assessed by total thiol (glutathione) levels in multiple prostate biopsy 
specimens of patients with benign prostatic hyperplasia (BPH) or prostate cancer 
and compared to body composition as estimated by air plethysmography. A signifi-
cant difference of thiol levels was observed between patients with BPH and cancer 
(p  <  0.05), with a positive correlation observed between thiol levels, fat mass 
(r = 0.76; p < 0.01), and WC (r = 0.49; p < 0.05).

In a small retrospective study of patients who underwent radical prostatectomy 
for prostate cancer, no association was found between any measurements of adi-
posity (i.e., BMI, WC, and visceral fat) in men who developed cancer recurrence. 
The dysmetabolic syndrome was also not associated with prostate cancer recur-
rence in a slightly larger study, although there was an association between IFG and 
cancer recurrence (HR, 1.54; CI, 1.10–2.15). In a large retrospective cohort study 
of 11,152 men who underwent radical prostatectomy, obesity at the time of surgery 
was a significant predictor of biochemical recurrence-free survival (HRs, 1.30 and 
1.45 for mild and moderate/severe obesity, respectively) and overall survival (HRs, 
1.41 and 1.81, respectively), but did not predict prostate cancer-specific survival. 
Analysis of 522,736 men from 18 prospective cohort studies across six Asian 
countries found no significant association between prostate cancer mortality and 
overweight or obesity. Bonn reported a 47% increased rate of overall mortality in 
4376 men who had localized prostate cancer and obesity (HR, 1.47; CI 1.03–2.10), 
but again, there was no significant association found for BMI and prostate cancer 
progression or prostate cancer-specific mortality. A weight gain >5% after diagno-
sis of cancer was associated with an almost twofold increased rate of prostate can-
cer-specific mortality, whereas a weight loss >5% was associated with significantly 
increased overall mortality, compared to maintaining a stable weight.

17.4  Breast Cancer

Adiposity is an established risk factor for postmenopausal breast cancer. Women who 
followed the WCRF/AICR cancer prevention recommendations were found to have a 
reduced incidence of postmenopausal breast cancer. In 30,797 women after the meno-
pause, breast cancer risk was reduced by 60% in women who met at least five healthy 
WCRF/AICR recommendations compared with those who met none. Breast cancer 
risk reduction was due primarily to meeting recommendations related to body fatness 
and consumption of plant foods and alcohol. A systematic review and meta-analysis 
of 11 studies showed that women with obesity were at a greater risk of breast cancer 
than those without it. Menopause status may be a mitigating factor in breast cancer 
risk. Dual energy X-ray absorptiometry (DXA) was used in the WHI study to examine 
the association between body fat and breast cancer in 10,960 women past the meno-
pause who did not have cancer at baseline evaluation. During a median follow-up of 
12.9 years, body fat by DXA showed a strong positive association with breast cancer 
risk. Anthropometric indices for BMI (HR, 1.97; CI, 1.45–2.68), WC (HR, 1.97; CI, 

D. L. Hurley



301

1.46–2.65), and WHR (HR, 1.91; CI, 1.41–2.58) were all associated with the risk of 
breast cancer and did not differ from DXA-predicted cancer risk. A case-control study 
comparing Brazilian women with breast cancer to controls showed that sedentary 
women have a significantly higher risk of breast cancer (OR, 2.39; CI, 1.43–3.99), 
independent of percent body fat, and after adjusting for hormone-related risk factors 
and family history of breast cancer. The dysmetabolic syndrome has also been associ-
ated with breast cancer in women after the menopause.

Women with increased adiposity have been reported to have more aggressive 
breast cancer, shortened disease-free survival, and decreased longevity. Increased 
tumor size and lymph node metastasis are more common in patients with greater 
adiposity, and tumor subtypes appear to be more aggressive with a higher risk of 
distant metastasis. In contrast, a retrospective review of a prospectively maintained 
database was conducted on 523 patients with invasive breast cancer and found no 
differences in overall survival or in disease-free survival based on normal, over-
weight, and obesity BMI categories after a median duration of 49 months. Of inter-
est, a study of 11,351 women from the California Cancer Registry suggested that 
the effect of adiposity on breast cancer mortality may vary across ethnic groups. In 
comparing non-Latina-whites, Latina’s, Asian-Americans, and African-Americans, 
a BMI >40 kg/m2 was associated with increased mortality in non-Latina-whites and 
Latina’s, but not Asian-Americans or African-Americans. A high WHR was associ-
ated with increased mortality only in Asian-Americans. Pajares and colleagues per-
formed a retrospective analysis of 5683 patients with breast cancer enrolled in four 
randomized clinical trials. Patients with class 2 obesity (BMI >35  kg/m2) had a 
significantly increased risk of disease recurrence (HR, 1.26; CI, 1.00–1.59; 
p < 0.05), breast cancer mortality (HR, 1.32; CI, 1.00–1.74; p = 0.05), and overall 
mortality (HR, 1.35; CI, 1.06–1.71; p < 0.02). However, patients with class 1 obe-
sity (BMI 30.0 to 34.6 kg/m2) had similar prognoses for these parameters compared 
to individuals of normal weight (BMI <25 kg/m2).

Elevated estrogen production by adipose tissue after menopause is one mecha-
nism for cancer risk, due to a high level of aromatase activity and hormone-depen-
dent tumors expressing both estrogen receptors (ER) and progesterone receptors 
(PR). In a study of 646 Iranian women, obesity was correlated with the tumor 
expression of both ER (p = 0.004) and PR (p = 0.039) and was also an independent 
predictor of a shorter disease-free survival after controlling for the ER/PR variables 
(HR, 3.33; CI, 1.26–9.02). Prospective cohort study outcomes in 2843 British 
women aged <40 years reported a significantly lower 8-year overall survival (HR, 
1.65; p < 0.001) and distant disease-free interval (HR, 1.44; p < 0.001) in patients 
with obesity, independent of ER-positive status. Other authors have reported obesity 
and breast cancer recurrence and disease-specific or overall survival to be related or 
unrelated to ER-negative tumors, and related or unrelated to ER-positive tumors. 
Breast cancer stem cells make up only about 1–2% of the tumor mass and, yet, are 
the likely driver for much of breast cancer behavior. Adipocytes in the breast and 
other tissues produce estrogen as well as leptin, adiponectin, and adipokines with 
opposing endocrine and paracrine activities that may promote cancer growth. 
Inflammation in breast adipose tissue as indicated by macrophage accumulation 
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may be an important pathologic factor responsible for both local aromatase activa-
tion and tumor genesis. Several studies have shown single-nucleotide polymor-
phism (SNP) in both the fat mass and obesity-associated gene (FTO) and the 
melanocortin-4 receptor gene (MC4R) to be linked to overweight and obesity. The 
association between obesity-related SNP and breast cancer risk was studied with 
SNP genotyping in patients with breast cancer compared to healthy women. When 
analyzed alone, FTO SNP did not show significant associations with breast cancer 
development, whereas MC4R SNP showed an increased risk (p = 0.032). The inter-
action of FTO and MC4R polymorphisms showed a strong association with breast 
cancer, having a 4.6-fold increased risk for women with these allele combinations, 
independent of both age and BMI.

Insulin resistance due to increased adiposity may also play a major role in cancer 
development due to insulin’s mitogenic activity. In a case-cohort analysis of 22,494 
women followed in the European Prospective Investigation into Cancer and 
Nutrition study for up to 15 years, of the dysmetabolic syndrome components, only 
high FBG was significantly associated with an increased risk of breast cancer in 
women after the menopause (HR 1.89; CI, 1.29–2.77), but not women before the 
menopause (HR, 0.80; CI, 0.52–1.22). Thus, insulin resistance has been shown to be 
the one component of the dysmetabolic syndrome consistently related to cancer 
risk. In 1607 Italian women followed for over 15 years with BMI and glucose data, 
the highest glucose tertile (tertiles defined as <84.0, 84.1–94.0, and >94.0 mg/dL) 
was related to greater breast cancer mortality compared to lower glucose values 
(HR, 2.6; CI 1.2–5.7). In a multivariate analysis of incident breast cancer cases from 
the WHI study, metabolically unhealthy women, defined by HOMA-IR or fasting 
insulin levels, were at a higher risk of breast cancer regardless of normal or over-
weight BMI status, whereas metabolically healthy and overweight women did not 
have an increased risk of breast cancer. An analysis of 621 women with local or 
regional breast cancer reported WC to be positively associated with all-cause mor-
tality (HR, 2.99; CI, 1.14–7.86), but not breast cancer-specific mortality. In this 
study, WHR was positively associated with both all-cause mortality (HR, 2.10; CI, 
1.08–4.05) and breast cancer-specific mortality (HR, 4.02; CI, 1.31–12.31). After 
adjustment for HOMA-IR score and C-reactive protein, risk estimates were attenu-
ated and not statistically significant, suggesting that insulin resistance and inflam-
mation may mediate the effects of central adiposity on breast cancer mortality.

17.5  Ovarian Cancer

Ovarian cancer is a fatal disease with a poor 5-year survival rate. Risk factors for 
ovarian cancer are not well established, but potential factors include age, infertility, 
positive family history, and adiposity. Wu and colleagues reported 30 incident ovar-
ian cancers diagnosed from 11,258 women recruited into the Community-Based 

D. L. Hurley



303

Cancer Screening Program study and followed for a median 19.9  years. A BMI 
>27 kg/m2 was associated with increased ovarian cancer risk (HR, 2.90; CI, 1.30–
6.46), and a nested case-control study within the cohort identified an independent 
effect of adipokines on cancer risk. Several meta-analyses have shown a significant 
association between adiposity and ovarian cancer. In an updated meta-analysis of 
the Continuous Update Project, a nonlinear association (p-nonlinearity <0.0001) 
with ovarian cancer risk was present with increasing BMI ≥28 kg/m2. The RR was 
1.07 (n = 28 studies) for a five-unit increment in BMI and 1.06 (n = 6 studies) per 
10-cm increase in WC. No association was found for weight gain, WHR, or hip 
circumference. Liu and colleagues conducted a meta-analysis of 26 observational 
studies on the association between adiposity and ovarian cancer, of which 13 were 
case-control studies (7782 cases and 21,854 controls) and 13 were cohort studies 
(5181 cases). These authors found that for all women, a greater BMI was associ-
ated with an increased risk of ovarian cancer, with a pooled RR of 1.07 and 1.28 
for overweight and obesity BMI groups, respectively. However, in subgroup 
analysis, these associations were present only in women before, and not after, the 
menopause.

A pooled analysis of 15 case-control studies (13,548 cases and 17,913 controls) 
participating in the Ovarian Cancer Association Consortium evaluated the associa-
tion between adiposity and ovarian cancer, histological subtype, menopausal sta-
tus, and HRT use. An increased BMI at all ages was associated with increased 
cancer risk. Obesity appeared to increase the risk of the less common histological 
subtypes and did not increase the risk of high-grade invasive serous ovarian can-
cers. Among women after the menopause, the associations did not vary between 
women who did and did not use HRT. An international collaborative analysis of 
original data from 21 studies and 12,390 women with ovarian carcinoma explored 
associations between adiposity and histologic subtype. Overall, 54% of women 
(n = 6715) died during follow-up, and decreased overall survival was observed for 
women who had obesity (HR, 1.10 for BMI 30–34.9 kg/m2; HR, 1.12 for BMI 
>35 kg/m2). Results were similar for progression-free survival and ovarian cancer 
survival, and associations were the strongest for women with low-grade serous and 
endometrioid tumor subtypes. On multivariate analysis of 81 patients with low-
grade ovarian cancer, obesity (HR, 2.8; CI, 1.05–7.3; p = 0.04) and primary tumor 
cytoreduction surgery (HR, 0.05; CI, 0.008–0.29; p = 0.001) were significant pre-
dictors of overall survival. However, obesity was not associated with worse dis-
ease-specific survival, suggesting other factors are also involved in cancer mortality. 
Two groups of women with increased adiposity (BMI 25.0–39.9 kg/m2 and BMI 
>40 kg/m2) showed no difference in overall survival after primary cytoreduction 
surgery, compared to normal-weight subjects, in a report of 620 women with 
advanced stage IIIC/IV epithelial ovarian cancer. This is in contrast to a retrospec-
tive review of 90 patients undergoing secondary cytoreduction surgery for recur-
rent ovarian cancer, where BMI in a multivariate analysis was an independent 
predictor of survival (p = 0.02).
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17.6  Endometrial/Uterine Cancer

Epidemiological studies have related adiposity in childhood, adolescence/teens, 
and young adulthood with endometrial cancer risk. Weight gain after the teenage 
years was shown to be positively associated with endometrial cancer risk, and none 
of the younger weight associations persisted after adjustment for BMI in adulthood 
(HR 4.13, for adult BMI >35 versus BMI <25 kg/m2). In women after the meno-
pause, the association with BMI was significantly stronger among those not taking 
HRT. A review of anthropometrics in 51,948 women in the Nurses’ Health Study 
found no independent association between WC or WHR and the risk of endome-
trial cancer after adjustment for BMI. A literature review and subsequent meta-
analysis of 40 studies (20 prospective cohort studies and 20 case-control studies) 
involving 32,281,242 subjects were conducted to address the association between 
BMI and endometrial cancer. The estimated RR and OR of endometrial cancer was 
1.34 and 1.43 for overweight and 2.54 and 3.33 for obesity groups, respectively. 
Wu and colleagues reported on 38 newly diagnosed uterine cancer cases from 
11,258 women in the National Cancer Registry and Death Certification System. 
Multivariate analysis showed that alcohol intake, elevated triglycerides, years of 
endogenous estrogen exposure, and increased adiposity (HR 2.90 for BMI >27 kg/
m2; CI, 1.30–6.46) were associated with increased cancer risk. Subanalysis further 
showed an independent effect of adipokines on uterine cancer risk. Thus, adipo-
sopathy, or adipose tissue dysfunction, is linked to the risk of cancer. A recent 
meta-analysis investigated the associations between circulating adiponectin, leptin, 
and the leptin/adiponectin ratio with endometrial cancer risk. Thirteen studies (five 
nested case-control and eight case-control studies) reported on a total of 1963 
endometrial cancer cases and 3503 case controls. There was a decreased risk of 
cancer with elevated circulating adiponectin, decreased leptin/adiponectin ratio, 
and decreased leptin concentrations. An interesting study of genetic markers of the 
adiponectin gene reported on the genotype distribution of a single SNP [+276G > T 
(rs1501299)] marker, in an attempt to identify its impact on adiposity and endome-
trial cancer. Ninety women were treated surgically for endometrial cancer, and 90 
women treated in parallel for uterine fibroids served as controls. SNP analysis was 
done in women who were lean, or had overweight or obesity, and who had endo-
metrial cancer. The allele G was significantly more frequent and the allele T sig-
nificantly less frequent in women with obesity, compared to lean controls. No 
correlations were present in either the lean or overweight groups.

Prolonged estrogen exposure is believed to be a major cause of endometrial can-
cer. Wang and colleagues assessed various menstrual and reproductive features 
(e.g., total number of menstrual cycles, age at menarche, and age at menopause) as 
markers of estrogen exposure on endometrial cancer risk in 482 cancer patients 
compared to 571 population controls. The total number of menstrual cycles was 
associated with endometrial cancer risk independent of adiposity, and the risk 
increased by 2.5% for every additional ten menstrual cycles. Age at menarche was 
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also a significant risk factor, and this association remained statistically significant, 
although attenuated, after adjustment for obesity.

Trabert and colleagues examined whether metabolic factors, individually or 
combined, were associated with endometrial cancer in 16,323 cancer cases com-
pared to 100,751 Medicare enrollees from the same registry. The dysmetabolic syn-
drome was identified using ICD-9-CM codes 1–3  years before the diagnosis of 
cancer. Endometrial cancer risk was associated with the dysmetabolic syndrome 
[OR, 1.39; CI, 1.32–1.47) and its component factors of overweight/obesity (HR, 
1.95; CI, 1.80–2.11), IFG (HR, 1.36; CI, 1.30–1.43), high blood pressure (HR, 1.31; 
CI, 1.25–1.36), and high triglyceride levels (HR, 1.13; CI, 1.08–1.18). After adjust-
ing for overweight/obesity, the increased risks associated with the other dysmeta-
bolic syndrome factors remained. In patients with endometrial cancer, plasma levels 
of IL-8 were significantly elevated in patients with cancer compared to controls 
(p < 0.001). Visceral fat area as evaluated by ultrasound in this study was signifi-
cantly larger compared to the control group (p < 0.0001), and a positive linear cor-
relation was also found between plasma levels of IL-8 and visceral fat area.

IGF and IGF signaling proteins are associated with obesity, T2DM, hyperinsu-
linemia, and cell proliferation. Thus, the glycolytic pathway is a potential thera-
peutic target for the inhibition of tumor activity in cancer cells. Biological actions 
of IGF proteins are mediated by the IGF-1 receptor (IGF-1R), a transmembrane 
tyrosine kinase that is structurally associated with the insulin receptor. IGF-1R 
binds to the corresponding ligands, IGF-1, IGF-2, and insulin, inducing autophos-
phorylation which results in the activation of the phosphatidylinositol 3-kinase-
AKT/mammalian target of rapamycin (mTOR) signaling pathway and promoting 
cell proliferation and suppressing apoptosis. Metformin use has been associated 
with significant reductions in cancer incidence, to include endometrial cancer. 
Metformin has been shown to inhibit cancer cell growth by activating adenosine 
monophosphate-activated protein kinase (AMPK), thereby inactivating mTOR and 
reducing mTOR effector activity. Metformin was also observed to downregulate 
IGF-1R and induce apoptosis in endometrial cancer cell lines. Chinese women 
with newly diagnosed T2DM were followed to assess endometrial cancer risk in 
patients who did (n = 193,005) and did not (n = 285,916) take metformin as T2DM 
therapy. A time-dependent approach was used to calculate endometrial cancer inci-
dence, and during follow-up, 728 metformin ever-users and 2157 never-users 
developed endometrial cancer (HR, 0.675; CI, 0.614–0.742). Adjusted HRs for 
cancer in the low to high tertiles of cumulative duration of metformin therapy were 
1.089, 0.707, and 0.313, respectively, with similar HR trends for cumulative dose 
of metformin (1.062, 0.620, and 0.376, respectively). The antiproliferative, molec-
ular, and metabolic effects of metformin 850 mg daily was studied in 20 women 
with obesity and endometrial cancer. Metformin was administered for up to 
4 weeks prior to surgical staging, and expression of the proliferation marker Ki-67, 
ER, PR, AMPK and downstream targets of mTOR pathway were measured. Based 
upon pre- and post-treatment comparison of endometrial tumors, metformin 
reduced cellular proliferation by 11.75% (p = 0.008), and 65% of patients responded 
positively to metformin as defined by decreased Ki-67 tumor staining. Metformin 
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also decreased expression of phosphorylated-AMPK (p  =  0.00001) and ER 
(p = 0.0002), but not PR expression. Metabolomic profiling indicated that metfor-
min use induced a shift in lipid and glycogen metabolism that was more pro-
nounced in the serum and tumors of responders versus nonresponders. Sivalingam 
and colleagues also studied presurgical administration of metformin (850 mg twice 
daily, median use 20 days) in patients with obesity and endometrial cancer either 
taking (n = 28) or not taking (n = 12) the drug. Sixty percent of patients had obe-
sity, and 22 had either undiagnosed T2DM (FBG >7.0 mmol/L, n = 4) or insulin 
resistance (HOMA-IR >2.8, n = 18). In the metformin-treated group, Ki-67 was 
12.9% lower at hysterectomy than at study recruitment.

Obesity is classically linked to type I or lower grade endometrial cancer. A retro-
spective review of the effect of adiposity on lymphovascular invasion was conducted 
in 1341 patients with endometrial cancer from a prospectively maintained uterine 
cancer database. A hysterectomy and salpingo-oophrectomy with or without lymph 
node dissection was performed in all patients. In multivariate analyses, higher BMI 
was independently associated with younger age at diagnosis and the presence of 
lower tumor grade and was not associated with lymphovascular invasion. Patients 
with endometrial cancer and adiposity are more likely to have stage I disease and 
<50% myometrial invasion than those at normal weight. The use of adjuvant ther-
apy, disease recurrence, and cancer-specific survival have been reported not to vary 
by BMI status. However, BMI (p = 0.016), age (p < 0.0001), race (p = 0.033), and 
risk group (p < 0.0001) were predictive of all-cause mortality, suggesting a detri-
mental effect of adiposity independent of cancer-specific mortality. Others have also 
reported on increased all-cause mortality in patients with endometrial cancer and 
either increased adiposity or the dysmetabolic syndrome. A systematic review and 
random-effects meta-analysis of 18 studies reported significantly higher mortality 
with increasing BMI in patients with endometrial cancer. A single dose-response 
model in this review indicated a 9.2% increase in all-cause mortality correlated with 
a 10% increase in BMI (p = 0.007).

17.7  Esophageal and Gastric Cancer

Esophageal adenocarcinoma (EAC) is rapidly increasing in incidence in Western 
cultures, and Barrett’s esophagus (BE) is the presumed precursor lesion. Risk fac-
tors for BE and EAC include adiposity, tobacco smoking, and gastroesophageal 
reflux disease (GERD). Despite these associations, most patients with EAC present 
with symptoms of dysphagia from late-stage tumors and only a small number of 
patients are identified by surveillance programs. Factors predicting progression 
from BE to EAC include dysplastic changes on esophageal histology and length of 
the involved BE segment. Locally advanced disease is generally managed with 
esophagectomy, often accompanied by neoadjuvant chemoradiation therapy or che-
motherapy. Prognosis is based on tumor stage, and patients with early tumors have 
a good prognosis, while those with advanced disease have poor long-term survival.
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Epidemiologic data have supported a strong association between excess adipos-
ity and GERD. The prevalence of GERD in patients who have overweight or obesity 
is significantly higher than that in the general population. GERD is present in 
approximately one-third to one-half (range 15–65%) of patients with obesity who 
seek weight loss therapy. Central obesity, rather than elevated BMI, appears to be 
more closely associated, but the underlying mechanisms for GERD in patients with 
adiposity are not entirely clear and are likely multifactorial. Data from the Barrett’s 
and Esophageal Adenocarcinoma Genetic Susceptibility Study used a genetic risk 
score as an instrument for lifetime adiposity to determine that BE risk increased by 
12% and EAC risk increased by 16% for each kg/m2 increase in BMI. To better 
evaluate the possible association between adiposity and EAC, a nationwide popula-
tion-based Swedish study of patients with newly diagnosed esophageal (n = 189) 
and gastroesophageal junction adenocarcinoma (n = 262) were matched to controls 
(n = 816) and included data on BMI 20 years before study inclusion. BMI appeared 
to have the largest effect on gastroesophageal reflux (GER) frequency >3 times per 
week. However, there was no increased risk of cancer with BMI 20 years before 
inclusion, with or without adjustment for GER frequency, severity, or duration. 
Anthropometric data from 391,456 individuals from the European Prospective 
Investigation into Cancer and Nutrition Study was assessed over 11 years of follow-
up by Steffen et al., who found that BMI was unrelated to EAC, while WC showed 
a strong positive correlation. Hardikar and colleagues also reported no relation 
between BMI and EAC risk, but noted a significant association with WHR. Thus, 
central adiposity, rather than total BMI, appears to be more important in the devel-
opment of GER, BE, and EAC suggesting a possible metabolic etiology. Although 
3-year follow-up in the Seattle Barrett’s Esophagus Study did not find any correla-
tion between the dysmetabolic syndrome and EAC risk, higher leptin levels had a 
positive association (HR, 2.51; CI, 1.09–5.81; p = 0.03) and adiponectin had a non-
linear inverse association with EAC (HR, 0.34; CI, 0.14–0.82). To assess risk fac-
tors for the development of EAC in patients with T2DM, an EAC cancer cohort 
(n = 1704) was compared to a cohort group of patients with GERD and prior fundo-
plication (n = 1132). More subjects in the control cohort had obesity, and T2DM 
was more prevalent in the cancer cohort (31% vs. 15%; p < 0.0001). Logistic regres-
sion analysis adjusting for comorbidity and lifestyle factors found that T2DM was 
significantly associated with EAC as opposed to controls (OR, 2.2; CI, 1.7–2.8), 
and the association appeared to be independent of BMI.  The dysmetabolic syn-
drome and Cancer Project pooled 578,700 prospective cohorts and used metabolic 
risk factors categorized into quintiles and transformed into Z-scores to create a 
composite dysmetabolic syndrome score. There were no significant associations 
between any metabolic factors and gastric cancer among men. Glucose (HR, 1.58), 
triglyceride levels, and the composite dysmetabolic syndrome score were associ-
ated with increased risk of gastric adenocarcinoma in women.

Excess adiposity is associated with an increased risk of gastric cancer. A large 
case-control study of Korean subjects (998 with gastric cancer, 313 with gastric 
 dysplasia, and 1288 with normal endoscopic findings) analyzed the risk of gastric 
cancer and dysplasia with increasing adiposity in men and women. A BMI >25 kg/m2 
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was associated with increased risk of early gastric cancer in men (OR, 1.66; p < 0.02) 
and gastric dysplasia in women (OR 2.089; p < 0.05), independent of Helicobacter 
pylori infection. A meta-analysis of 16 cohort and case-control studies identified that 
both overweight and obesity were associated with gastric cancer, especially for men 
(OR, 1.27; CI, 1.09–1.48). A summary of 41,791 subjects from 24 prospective studies 
found that increasing adiposity correlated with risk of cardia gastric cancer (RR, 1.21 
and 1.82 for patients with overweight or obesity, respectively), but not with noncardia 
gastric cancer. A greater BMI does not appear to be associated with more advanced 
or invasive gastric cancer and does not seem to adversely impact disease-free survival 
or overall survival, with the possible exception of decreased survival in older (age 
>60 years) patients. There is a need to be aware of the possibility of other primary 
cancers in patients found to have gastric cancer. Takeuchi and colleagues followed 
435 patients after surgical resection of gastric cancer and diagnosed other primary 
cancers in 25% (n = 109) of patients, 40 (9.2%) with synchronous and 76 (18.2%) 
with metachronous cancers. Colorectal cancer (22.8%) was the most common other 
primary cancer diagnosed. T2DM was found to be an independent risk factor for the 
occurrence of other primary cancers (OR, 2.22; p  =  0.011) and was frequently 
observed with metachronous cancers (p = 0.007), whereas obesity was an indepen-
dent risk factor for synchronous cancers (OR, 2.35; p = 0.023).

17.8  Pancreas Cancer

Gastric and hepatobiliary comorbidities, T2DM, and cancer share common risk factors 
to include increased adiposity and physical inactivity. Using genome-wide association 
studies, genotype and risk factor data from the Pancreatic Cancer Case Control 
Consortium were assessed in 2028 cases and 2109 controls to examine gene-obesity 
and gene-diabetes interactions in relation to pancreatic cancer risk. A significant inter-
action was observed with the chemokine signaling pathway and obesity, and near sig-
nificant interaction between the calcium signaling pathway and T2DM. Thus, genetic 
variations in inflammatory response and insulin resistance may affect the risk of devel-
oping pancreatic cancer. The clinical relationship between adiposity and pancreatic 
cancer was assessed by a questionnaire in both an initial cohort (n = 501,698) and a 
subcohort who completed a second questionnaire (n = 273,975) over 10.5 years of 
follow-up. Compared to normal-weight individuals, persons overweight at any adult 
age had a greater risk of pancreatic cancer (HRs ranging from 1.15 to 1.53). Increased 
cancer risk was seen with weight gain after age 50 years and with a longer duration of 
excess adiposity (HR per 10-year increment of duration, 1.18; p-interaction = 0.01), 
especially in persons with T2DM. A retrospective, population-based, cohort study of 
166,850 patients with T2DM were matched for age, gender, and locale to 166,850 
controls without T2DM and followed for the risk of pancreatic cancer. Higher HRs for 
pancreatic cancer were seen in patients with T2DM, acute alcoholic hepatitis, acute 
pancreatitis, cholecystitis, and gastric ulcer compared to patients without T2DM or 
counterpart comorbidities.
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17.9  Hepatobiliary Cancer

Hepatocellular carcinoma (HCC) is the most common histologic type of primary 
liver cancer, is the fifth most common cancer type, and the third highest cause of 
cancer death worldwide. Major risk factors for HCC include chronic hepatitis B 
(HBV) and C (HCV) virus infections, alcoholic liver disease, and nonalcoholic fatty 
liver disease (NAFLD). Most HCC occurs in the setting of liver cirrhosis from vari-
ous causes, and approximately 20% of patients with NAFLD have nonalcoholic 
steatohepatitis (NASH) that may progress to cirrhosis. A 2012 meta-analysis (17 
cohort, 18 case-control and cross-sectional, and 26 case series studies) reported an 
increased risk of HCC in the setting of NASH and cirrhosis (cumulative incidence 
between 2.4% and 12.8% over 3–7  years, respectively), although HCC risk was 
substantially lower in the cohorts with NASH versus HCV-related cirrhosis.

NAFLD is associated with the metabolic risk factors to include adiposity, T2DM, 
and dyslipidemia. Obesity in early adulthood (i.e., mid-20s to mid-40s) was a sig-
nificant risk factor for HCC in a study comparing 622 newly diagnosed HCC cases 
with 660 age- and gender-matched healthy controls. Estimated ORs were signifi-
cantly increased for the entire population (2.6; CI, 1.4–4.4), and for both men (2.3; 
CI, 1.2–4.4) and women (3.6; CI, 1.5–8.9) in this study. Each BMI unit increase at 
early adulthood corresponded to a 3.89-month decrease in age at diagnosis of HCC 
(p < 0.001), and there appeared to be a synergistic interaction between obesity and 
hepatitis virus infection. Data from an Italian HCC case-control study (185 cases 
and 404 controls) found that among subjects without HBV or HCV, the OR for 
those with more than two components of the dysmetabolic syndrome was increased 
over sixfold. However, a US NHANES study of 3846 subjects found that NAFLD 
was not a manifestation of the dysmetabolic syndrome, but rather a disease strongly 
associated with features of the dysmetabolic syndrome. Several studies have docu-
mented a significantly increased incidence of HCC in patients with obesity and 
T2DM. Demographics of patients with HCC referred to the Newcastle-upon-Tyne 
Hospitals found that NAFLD accounted for 35% of HCC cases in 2010, and meta-
bolic factors to include obesity and T2DM were present in 66% of those patients. In 
185 Italian subjects with HCC, T2DM and obesity were positively associated with 
cancer risk, with ORs of 4.33 (CI, 1.89–9.86) and 1.97 (CI, 1.03–3.79), respectively. 
A large US healthcare database study of patients with HCC identified NAFLD as 
the most common risk factor (59%), followed by T2DM (36%), and HCV infection 
(22%). Similar findings were reported in a German cohort, with NAFLD more com-
mon than alcoholic liver disease and chronic HBV and HCV infections. A meta-
analysis of 26 studies (13 case-control and 13 cohort) found a 2.5-fold increased 
risk of HCC in patients with T2DM, independent of alcohol intake or viral hepatitis 
in studies that examined those factors. A more recent 2012 meta-analysis reported a 
twofold increased risk of HCC in patients with T2DM. Chen and colleagues identi-
fied older age (>65 years) and male gender as increased risk factors, but were unable 
to find any association between HCC and obesity or T2DM in 262 Taiwanese 
patients with HCC in a community endemic for HBV and HCV infections.
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The potential mechanisms underlying the development of HCC in the presence 
of obesity and T2DM are not clearly delineated. It is possible that IGF-2 plays a role 
in hepatic carcinogenesis, as preneoplastic lesions express IGF-2 mRNA. IGF-1R is 
overexpressed in animal models of HCC, and IGF ligands exert their effects on 
HCC cells through IGF-1R. Levels of IGF-2R and TGF-beta, a growth inhibitor, are 
reduced in HCC tissue compared to adjacent normal liver. Another key mechanism 
involves peroxisome proliferator-activated receptor (PPAR) gamma. In vitro, PPAR 
gamma inhibits HCC, most probably by regulating pathways important in apopto-
sis. Metformin use has been associated with a reduced risk for certain cancers. In a 
Mayo Clinic case study of intrahepatic cholangiocarcinoma (612 cases and 594 
matched controls) in patients with T2DM, the cancer risk in patients treated with 
metformin was significantly diminished by 60% (OR, 0.4; CI, 0.2–0.9; p = 0.04). 
Obesity and the dysmetabolic syndrome were not associated with increased cancer 
risk in this study. In addition, several studies have shown that obesity does not affect 
recurrence-free survival or overall survival in patients after surgical resection of 
HCC for up to 5 years of observation and either associated with HCV or without 
both HBV and HCV hepatitis.

17.10  Colorectal Cancer

Adiposity is associated with an increased risk of colon tumors, and the majority 
of sporadic colorectal cancers arise from adenomatous polyps. A 2012 meta-anal-
ysis showed that a BMI ≥25 kg/m2 was associated with a 24% increased risk in 
colorectal adenomas. Among 1806 Caucasian and 378 African-American patients 
undergoing colonoscopy for average risk cancer screening, WC and WHR were 
associated with increased adenoma risk for both races. However, BMI was associ-
ated with adenoma risk only in Caucasians, and the authors speculated that these 
differences may be related to racial differences in body fat distribution. In a cross-
sectional study of 19,361 Korean adults having colonoscopy, the dysmetabolic 
syndrome was associated with the prevalence of adenomatous polyps in both the 
proximal and distal colon. Increased prevalence ratios for any adenoma, compar-
ing the 90th to 10th percentile, were also significant for FBG (p = 0.04), HOMA-IR, 
and hemoglobin A1C (p = 0.02). Interestingly, Trabulo and colleagues found no 
difference between adenomas and degree of adiposity in patients with the dys-
metabolic syndrome. In contrast, a large cross-sectional study of 18,085 Korean 
adults found the prevalence of adenomas was increased in metabolically healthy 
individuals with obesity and in a dose-response manner with increasing categories 
of BMI (p  <  0.01). In an analysis of 837 patients (467 men and 370 women) 
undergoing colonoscopy, 55% with colorectal adenoma or prior history thereof, 
significant differences were present for percent body fat, WC, and age among men 
with and without adenomas, but only age was significant among women. Kitahara 
and colleagues also found no impact of obesity on the incidence or follow-up 
recurrence of adenomas in women.
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Colorectal cancer (CRC) is one of the leading causes of cancer death in men 
and women worldwide. Studies have shown a consistent association with adipos-
ity and CRC in men, but the association has been weaker and inconsistent in 
women. In a large cohort of 239,658 young (ages 16–20 years) Swedish male 
military recruits followed for an average of 35 years, 885 cases of CRC occurred, 
to include 501 colon cancers and 384 rectal cancers. Compared with normal-
weight controls, having overweight or obesity was associated with a 2.08-fold 
and 2.38-fold higher risk of CRC, respectively (p < 0.001). A large screening 
trial assessed the relationship between adiposity with colorectal adenomas and 
CRC among men and women, ages 55–74 years, randomly assigned to receive 
flexible sigmoidoscopy as part of the Prostate, Lung, Colorectal, and Ovarian 
Cancer Screening Trial. The authors prospectively evaluated the association 
between baseline BMI and the risk of incident distal adenoma (n = 1213), recur-
rent adenoma (n = 752), and incident CRC (n = 966). Men who had obesity had 
significantly higher risk of incident adenoma and CRC.  No associations were 
observed for adenomas or CRC in women. Keskin and colleagues examined 
BMI, WC, WHR, and hip circumference in relation to CRC among 203,177 
patients followed for 10 years. In men, CRC was associated with BMI, WC, and 
WHR, but all anthropometric measures were unrelated to CRC in women. 
However, in women using HRT, an inverse relation was suggested between CRC 
and WC and WHR, and a positive association with hip circumference, implying 
some modifying effect by HRT. Of note in this study, anthropometric variables 
were unrelated to rectal cancer for both genders. The inconsistency between 
CRC risk and obesity in women is likely related to the complex interactions 
between estrogen (i.e., pre- and postmenopausal status and HRT), body fat dis-
tribution, and the hormonal status of colorectal tumors. Emerging data suggest 
that the association between obesity and CRC is mediated by visceral fat rather 
than total body fat. For instance, WC and WHR have been reported to be more 
strongly associated with CRC than BMI in women. Visceral fat was also signifi-
cantly higher in 191 women with CRC compared to 191 well-matched healthy 
controls studied by Lee and colleagues. Multivariate analysis revealed that the 
mean visceral fat area ≥67th percentile was associated with an increased CRC 
prevalence compared to subjects ≤33th percentile.

Adiposity does not seem to be associated with more advanced CRC stage or 
grade, as reported in 672 cancer patients from Winnipeg, Manitoba. However, 
obesity was an independent predictor of cancer recurrence after surgery in 
patients with stage 2 CRC, compared to subjects who did not have obesity 
(p = 0.05). In a study of 455 colon and 158 rectal cancer deaths, increasing age, 
higher BMI, and attained adult height were associated with increased risk of 
death from CRC. In addition, physical activity was associated with a 28% and 
25% reduced risk of CRC and rectal cancer, respectively. Morality in a multieth-
nic cohort was captured over 6.0 ± 4.7 years observation among 4204 incident 
cases of invasive CRC. Study analysis detected little evidence for any adverse 
effect of excess adiposity on CRC-specific mortality, but all-cause survival was 
reduced in women. In contrast, the presence of the dysmetabolic syndrome was 
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found to be an independent risk factor for disease-free survival (HR, 0.733; CI 
0.545–0.987; p  =  0.041), but not for overall survival. The dysmetabolic syn-
drome was present in 21% of 1069 CRC cases, and these patients were more 
likely to be older and with higher levels of FBG and triglycerides (p < 0.05 for 
all). Rickles and colleagues conducted a retrospective review of outcomes in 
patients with CRC following surgical resection. Visceral fat volume was mea-
sured by preoperative computerized tomography (CT) scans, and 111 patients 
had visceral obesity and 108 did not. BMI only weakly correlated with visceral 
fat volume, and patients had no difference in survival by BMI status. However, 
patients with CT identified visceral obesity had a 2.7-fold decrease in disease-
free survival in stage 2 CRC.

Biochemical differences between visceral and subcutaneous adipose tissue 
metabolites were investigated by using mass spectrometry metabolomics and gene 
expression profiling in 59 subjects with CRC. Compared to subcutaneous fat, vis-
ceral fat displayed elevated markers of inflammation (i.e., inflammatory lipid 
metabolism, free arachidonic acid, phospholipases, and prostaglandin synthesis-
related enzymes) as supporting evidence for the role of visceral fat in CRC. Expression 
levels of several genes related to the dysmetabolic syndrome were analyzed by real-
time qPCR in two equivalent but independent sets of stage 2 CRC patients. The 
authors showed that a gene expression profile constituted by genes previously 
related to the dysmetabolic syndrome was significantly associated with clinical out-
comes and able to identify both a low and high risk of relapse. Mendelian random-
ization was used to assess the association between BMI and cancer from 10,226 
CRC cases and 10,286 controls of European ancestry. Mendelian randomization 
analysis using a weighted genetic risk score, derived from 77 genome-wide associa-
tion studies, identified variants associated with high BMI.  A greater number of 
BMI-increasing alleles were associated with a higher risk of CRC among women, 
but not in men. NDRG4, a novel candidate tumor suppressor, inhibits (PI3K/AKT) 
signaling, which is related to energy balance and carcinogenesis. NDRG4 mRNA 
levels from 226 patients with CRC were determined by real-time PCR, and decreased 
NDRG4 mRNA expression in tumors was significantly correlated with cancer dif-
ferentiation, invasion, and metastasis. Obesity was adversely associated with dis-
ease-free and overall survival in tumors with reduced NDRG4 levels, but not in 
tumors with preserved NDRG4 levels. The authors postulated that host-tumor inter-
actions might influence tumor aggressiveness and could stratify the prognostic 
value of obesity.

Current guidelines recommend that adults at average risk of CRC begin screen-
ing at age 50 years of age without consideration of other potential risk factors. Jung 
and colleagues recently addressed this issue in a cross-sectional study of 27,894 
Koreans ≥30 years of age who underwent colonoscopy as part of a health screening 
program. Based upon the number needed to screen to identify one patient with 
advanced neoplasm, additional risk factors (i.e., male gender, smoking, the dys-
metabolic syndrome, adiposity, and fatty liver) did not justify screening colonosco-
pies before 45  years of age. However, the number needed to screen for those 
45–49 years old with additional risk factors was found to be lower than that for 
women after the menopause.
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17.11  Other Obesity-Related Cancers

17.11.1  Renal Cell Cancer

Reasons for the recent global increase in the incidence of renal cancer are unclear, but 
have been speculated to be related to adiposity and hypertension. A recent review of 
the WHI clinical trials and the Multiple Risk Factor Intervention Trial (MRFIT) 
assessed these relationships. In the WHI trial (n = 156,774) using age-adjusted analy-
ses, the risk for renal cancer increased across increasing systolic blood pressure and 
BMI categories (p < 0.0001 for both). In the MRFIT trial (n = 353,340), risk of death 
from renal cancer increased with increasing systolic blood pressure. Visceral fat area 
was determined by CT scanning prior to nephrectomy in 2187 Koreans with renal cell 
cancer. High visceral fat area (i.e., >50th percentile) was associated with longer can-
cer-specific (p = 0.01) and overall survival (p = 0.03), whereas the visceral fat-to-
subcutaneous fat area ratio had no influence on survival. Different outcomes were 
seen in 577 renal cell cancer patients matched to 593 healthy controls at MD Anderson 
Cancer Center. Obesity at age 20 years (p = 0.03) and age 40 years (p < 0.001) and 
moderate (p = 0.04) and massive weight gain (p = 0.01) from age 20 to 40 years were 
all significantly associated with increased risk of renal cell cancer. Low physical activ-
ity was associated with a fourfold increased risk of cancer. The authors also found that 
among 190 SNP’s in the mTOR pathway, six SNP’s located in the AKT3 gene were 
significantly associated with increased risk for renal cell cancer.

17.11.2  Urothelial Cancer

In a retrospective analysis of 892 patients with primary invasive bladder cancer, 
greater adiposity and age were associated with an increased risk of disease recurrence, 
progression, cancer-specific mortality, and any-cause mortality (p < 0.001 for all). 
BMI remained an independent risk factor for all cancer outcomes after multivariate 
analyses for gender, carcinoma in situ, tumor size, number of tumors, and intravesical 
therapy. Another retrospective study of 972 patients with urothelial cancer and 1098 
matched controls found a significant association with the dysmetabolic syndrome in 
women only (p = 0.006). T2DM (p < 0.001) and hypertriglyceridemia (p = 0.032) 
were also significantly associated with cancer risk. Cantiello and colleagues found 
that a worse pathological stage for urothelial bladder cancer was not associated with 
the dysmetabolic syndrome, but was associated with increased BMI and WC.

17.11.3  Thyroid Cancer

It appears that excess adiposity may be related to an increased risk of thyroid 
cancer, although the mechanism is unknown and there is inconsistency among 
clinical studies. Thyroid ultrasonography was performed as part of a routine 
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health checkup in 15,068 subjects (8491 men and 6577 women), and fine-needle 
aspiration cytology was performed in 1427 patients based upon predefined crite-
ria. The association between a high BMI and the prevalence of thyroid cancer was 
only seen in women (p < 0.001). There was no association with age or fasting 
serum insulin in either gender. From three independent case-control studies com-
paring 1917 pooled adults with papillary thyroid cancer and 2127 controls, an 
increased thyroid cancer risk was associated with greater BMI and percent body 
fat for both men and women. Patients who had overweight or obesity had ORs of 
1.72 [CI, 1.48–2.00] and 4.17 [CI, 3.41–5.10], respectively. Compared with the 
lowest quartile of percent body fat, the ORs for the highest quartile were 3.83 [CI, 
2.85–5.15] in women and 4.05 [CI, 2.67–6.15] in men. However, different out-
comes were seen in 1216 patients with papillary thyroid cancer studied by 
Tresallet and colleagues, where patients who had overweight or obesity were not 
at a greater risk of cancer compared to those of normal weight. An association was 
seen between recurrent or residual loco-regional thyroid cancer and BMI (18.7% 
for obesity, 8.5% for overweight, and 9.8% for normal weight; p = 0.03). At the 
present time, neck palpation is the recommended initial screening for thyroid can-
cer in patients who have overweight or obesity.

17.12  Summary

Excess adiposity is implicated in carcinogenesis in many body tissues, and BMI 
is known to be associated with increased mortality for many cancers. However, 
little is known about the link between lifetime change in weight or BMI and 
cancer risk or mortality in adults. A recent meta-analysis of 50 prospective obser-
vational studies suggests that avoiding adult weight gain itself may confer pro-
tection against certain types of cancers, particularly among women not using 
HRT. For each 5-kg increase in adult weight gain, the summary relative risk was 
increased for CRC in men, renal cell cancer, postmenopausal endometrial cancer, 
and breast and ovarian cancer among postmenopausal women not using (or using 
low dose) HRT. Adult weight gain was unrelated to cancers of the prostate, pan-
creas, thyroid, CRC in women, and breast in premenopausal women and post-
menopausal taking HRT.

The association between lifetime changes in BMI, calculated over different time 
periods, and cancer mortality was studied in a large cohort study of 8645 adults 
(baseline entry 1965–1990 with follow-up through 2008). Obesity at baseline was 
associated with a higher risk for any cancer mortality, for all subjects and women. 
Women with chronic obesity (i.e., obesity during the entire study period) had a 
higher risk of mortality from any cancer, to include breast, colorectal, and lung 
cancers. Although no significant association was seen between long-term annual 
change in BMI and cancer mortality, a decrease in BMI was associated with a lower 
mortality risk from any cancer.
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Chapter 18
Biopsychosocial Modifiers of Obesity

Domenica M. Rubino

Pearls of Wisdom
• From an adipocentric perspective, the physiological state of obesity 

induces paracrine and endocrine signals that contribute to a myriad of 
 disease states. An individual’s biopsychosocial state is a critical, albeit 
complex, modifier of and contributor to this signaling, although the mecha-
nisms by which this occurs remain unknown.

• The “frame of blame” that emphasizes personal failure and responsibility 
for adiposity, neglecting scientific evidence, creates stigma and shame that 
is internalized by the individual and generates chronic psychological stress 
that can lead to altered mood and eating behavior in a vicious circle.

• The physiological interface between stress response, mood, behavior, 
chronic pain, and inflammation leads to altered neuroendocrine signaling 
of reward and appetite circuitry resulting in cravings and eating dysregula-
tion affecting coping, mood, and activity in a vicious cycle.

• Negative early childhood experiences, impulsivity, untreated attention def-
icit disorder, food addiction, and night-eating syndrome increase the vul-
nerability for excess adiposity and mood disorders.

• A multidisciplinary approach for the treatment of obesity that recognizes 
the dynamic cyclical relationship between psychological, social, and phys-
iological factors in the context of an individual’s life is more likely to 
improve quality of life and behavioral change.

D. M. Rubino  
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18.1  Introduction

A biopsychosocial approach to clinical care considers the biological, psychologi-
cal, and social aspects of an individual’s illness, accepts the circular nature of 
these influences, and recognizes the patient’s subjective experiences as well as 
the relationship with the physician as critical elements of treatment. This chapter 
focuses on the confluence of physiology and psychology on the state and man-
agement of overweight, obesity, and adiposopathy. The recognition and under-
standing of the complexity, heterogeneity, and interdependence of factors 
impacting an individual’s perception and struggle with weight is critical for the 
health care professional. The nature of research is to look for causality—a direct 
linear relationship of cause and effect. The applicability of this approach can be 
a challenge for a condition like obesity, upon which at any given time, there are 
a myriad of influences acting at once. Scientific evidence supports a bidirectional 
relationship between obesity and mood disorders and recognizes the influences 
of other psychological and social experiences as well. However, though the lit-
erature is extensive, it is heterogeneous. Limitations to establishing direction of 
causality include methodological heterogeneity in study design, criteria for diag-
nosis, and assessments. Despite the quest for causality, the author would suggest 
that an acceptance of a circular dynamic of influences (see below) is critical for 
the contextual clinical care of an individual with obesity (Fig. 18.1). This chapter 
focuses on some of the internal and external psychological experiences associ-
ated with obesity as embodied in the concepts of stigma, shame, body image, 
chronic pain, early childhood experiences, mood and physical illness, mood dis-
orders, impulsivity, binge eating disorder (BED), and psychological changes 
after weight loss.

Stigma

Genetics

Environment

Psychological 

Illness
meds

Addiction
impulsivity

Habit
reward

Self
family

support

Stress 

Sleep

Mood

Food

Pain 

Coping

Adipose tissue
weight gain

Central/peripheral
signaling 

Inflammation/
cytokines 

Fig. 18.1 Circular dynamic of influences affecting an individual’s weight. Physiological response 
of weight gain (neuroendocrine signaling and inflammatory factors) interfaces with the context of 
an individual’s experience reinforcing the drive to further weight gain. Stigma includes shame and 
social isolation. Psychological includes behavioral and emotional components. Genetics includes 
early childhood experiences
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18.2  Stigma

I loathed my body and therefore functioned best when not thinking about it. My body was 
what was wrong with me. (patient quote from the Muse Project)

An awareness of the pervasive and insidious effect of fat stigmatization and its 
impact on an individual’s health, psyche, and quality of life (QOL) is critical for the 
health professional. Fat stigma, defined as the negativity attached to having over-
weight or obesity, exists both externally to and within (internal) an individual. The 
individual with obesity lives within a “frame of blame” created by cultural and social 
norms that emphasize personal failure and responsibility for the excess weight. It is 
not unusual for a person with obesity to experience negative messaging in most 
aspects of his/her life, family, school, work, through the media, in health care, etc. In 
a society that focuses on the physical body as one’s identity and an inability to hide 
the stigmatized part, the person with obesity may suffer tremendously.

The degree to which a person might experience fat discrimination varies among 
individuals. It ranges from outright teasing, bullying, directed criticism, decreased 
employment opportunities, and differential treatment by health care professionals, 
to indirect discrimination (such as public seating being too small, gowns that don’t 
fit, “normal” size only, etc.). Additionally, the extent to which an individual is vul-
nerable to this discrimination varies. Feeling stigmatized can lead to altered behav-
ior (direct effects) and/or increased psychosocial stress (indirect effects).

18.2.1  Altered Behavior

Experiencing stigma can impede weight loss directly or perpetuate weight gain. 
Studies have shown that people who feel judged about their size are less likely to 
participate in physical activity and more likely to avoid public settings like gyms, 
pools, or organized sports. Additionally, research has shown that individuals, who 
consider themselves overweight, will eat more following exposure to a video or mag-
azine depicting stigmatization. Feeling stigmatized is associated with reports of com-
fort eating, binge eating, and severe calorie restriction in surveys, and can lead to 
habitual as well as biological cueing for emotional dysregulated eating patterns (see 
below). Weight-biased discrimination has been shown to affect binge eating behav-
ior. Feeling stigmatized when visiting health care providers can also provide an 
impediment to obtaining health care potentially worsening comorbidities and quality 
of life as part of a vicious circle. Health care professionals should be aware of their 
own biases since individuals recognize physicians as the second most common 
source of stigma in their lives, and even those who work with obesity have been 
demonstrated to show high weight bias and a focus on personal responsibility.
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18.2.2  Increased Psychosocial Stress

Research has shown that feeling stigmatized and being discriminated against creates 
a chronic stressed state for the individual. Chronic stress leads to weight gain, pre-
dominantly of visceral adipose tissue, and thought to be mediated by the hypotha-
lamic-pituitary-adrenal axis (HPAA) and the sympathetic nervous system. Individuals 
who already have overweight or obesity may be more vulnerable to additional weight 
gain from stress. The weight gain mediated by stress-related chronic glucocorticoid 
elevation leads to alterations in food-seeking behavior, such as increased fat and 
sugar consumption. Studies have implied a role of cortisol exposure and metabolic 
impact. Middle-aged adults reporting stigmatization demonstrated increased A1C 
levels for a given waist circumference relative to those without stigmatization, and 
Asian Americans experiencing racial discrimination reported a higher body mass 
index (BMI) and rate of obesity. Additionally, stigma manifesting in socioeconomic 
stresses, bias affecting wage and career position, less access to health care, food 
insecurity, worse access to healthy food, or neighborhoods conducive to activity/
exercise, and the built environment may aggravate stress in a given individual.

Unfortunately, these stigmas are believed, projected, and perpetuated by those 
with obesity. Internalized stigma or internalized weight bias (IWB) leads to doubt 
regarding the potential for success of a given intervention for weight loss (aggra-
vated by physiological resistance to weight loss) and can lead to abandoning efforts 
or avoiding action altogether. These decreases in self-efficacy and self-esteem can 
impact every aspect of lifestyle intervention, including affecting the ability to see/
feel success such as improvement in comorbid conditions compared to body weight 
measurements on the scale.

18.2.3  Eating Disorders

IWB is also associated with eating disorders. In a group seeking treatment for 
weight loss, an assessment for IWB found an increased prevalence in those with 
binge eating disorder (BED). This study found that the IWB correlated strongly 
with an increase in shape and weight concerns but not BMI per se. The authors 
proposed that the psychological context rather than the weight itself was important 
for IWB. These subjects were also found to have fat phobia, increased depression, 
and lower self-esteem, but that did not predict IWB. Others have proposed that IWB 
may be dynamic and show improvement with behavioral weight loss.

18.2.4  Depression, Social Isolation, and Suicide Risk

Stigma predicts a risk for depression, and females may be particularly vulnerable 
(see below, Depression). People may also cope with stigma by withdrawing and 
being more socially isolated. Social rejection and isolation impact psychosocial 

D. M. Rubino



329

stress, and individuals with decreased social networks are more likely to be 
depressed. Markowitz et al. suggested that individuals with obesity may have less 
social support. Of note, perceived stress has been reported to be more damaging 
than objective isolation and is associated with neuroendocrine alterations in HPAA 
activation and inflammatory pathways, ultimately impacting health. Loneliness 
impacts many aspects of QOL, including physical and mental health. The combina-
tion of social isolation and stigma has been reported as an indicator of suicide risk, 
and obesity has also been reported as a risk factor for suicidal behavior, though this 
is debated. The potential coupling of these factors with depression may aggravate 
suicide risk.

18.3  Shame

Body-related shame, the painful emotion of perceiving one’s self as flawed or bad, 
is complex and multifaceted. It integrates emotional, cognitive, behavioral, experi-
ential, social, and physiological responses and is often experienced by individuals 
with obesity. Shame and stigma are interwoven, reinforcing experiences that 
embody the failure to get size and/or food “right” to fit into society, resulting in a 
loss of social status. This discrepancy (perceived or real) between “ideal” and one’s 
actual weight status is associated with lower self-esteem and greater negative body-
related emotions. Perceived weight discrepancy may be more important than actual 
weight discrepancy in creating a low self-esteem. It has been suggested that shame 
is more enduring than guilt, which may be more tied to behavior, and fleeting, i.e., 
“I am a bad person because I am overweight” versus “I am overweight because I 
don’t exercise”. Shame exists as a duality, with an individual experiencing shame 
internally (seeing the self as flawed and impacting affect regulation) and/or exter-
nally (belief that others see you as flawed and affecting social interaction). Both 
have been identified in a subgroup of individuals with obesity exhibiting levels of 
psychological distress. Shame has been reported to be associated with eating disor-
ders including BED as well as depression, anxiety, and post-traumatic stress disor-
der (PTSD). In individuals with BED, shame is related to having shape and weight 
concerns, not BMI or number of episodes of binge eating.

Behavioral manifestations of shame include a tendency to hyper-focus on body-
shape and/or weight concerns, including social comparison to body weights of oth-
ers; avoidance (or withdrawal from) social interaction, size/shape information 
(scale, mirrors), body exposure (public pools/locker rooms), and/or intimacy. 
Compensation by overperformance (work, academics), self-destructive behaviors, 
concealment (needs, body, food), and difficulty seeking help have also been noted. 
Being “in control” by restricting food and desires is seen as the “ideal” and associ-
ated with an improved sense of self. Inability to maintain this control is then associ-
ated with shame and guilt. Fluctuations between pride and shame (in control vs. not) 
seen in individuals with eating disorders and obesity may create a vicious cycle by 
exacerbating shame, which then causes further disordered eating.

Though QOL improves after weight loss, many people remain dissatisfied with 
their body after weight loss, seeking plastic surgery in several areas. Explorations of 
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individual variation in psychosocial outcomes after plastic surgery to remove excess 
skin using structured interviews revealed two themes: shame and lack of self-accep-
tance. Many subjects remained focused on the “future body,” planning additional 
surgeries, more weight loss, and lacking acceptance of their current body. External 
shame (the sense that others do not accept you) persists in individuals with eating 
disorders in remission. Interventions directed toward treating shame,  identification 
of the degree to which the lack of control is functioning as a major source of low 
self-esteem or distorted identity, and supporting social skills/interaction if an indi-
vidual is socially isolated are useful in those who struggle with obesity, with or 
without an eating disorder. Group-based work may be helpful for those with shame, 
supporting self-acceptance and compassion through supporting and helping others.

18.4  Body-Weight/Shape Concerns and Perceptions

Psychosocial impairment can be found in subpopulations of individuals with obe-
sity. It is mediated by variables such as presence of BED, poor physical health (see 
below), and negative body-weight/shape concerns. Identification and treatment of 
these variables are critical to improving QOL. Body-weight/shape concerns appear 
to have a greater impact on psychosocial impairment than BED. Negative-weight/
shape concerns correlate more closely with psychosocial distress and body-related 
worrying correlates to negative affect with weight. An epidemiologic study of 
Australians examined the association between general psychological distress, life 
satisfaction, and social support, as assessed by questionnaires with body-weight/
shape concerns, health status, and presence of BED. They documented that having 
body-weight/shape concerns was equally important as physical health status in 
mediating psychosocial functioning in both genders. They also documented that 
binge eating had no mediating effect. In men, binge eating was associated with a 
decrease in life satisfaction.

Many body-image studies do not include men because it was previously thought 
that men with obesity did not experience negative effects on their body image. 
Recent epidemiologic studies suggest that men with obesity do experience negative 
psychosocial effects and more research is needed.

“Chronic weight dissatisfaction” (a previously used term, now replaced by “body 
weight/shape concerns”, reflecting a broader cognitive concept) has been reported 
to be associated with risk for type 2 diabetes mellitus (T2DM). A 5-year, longitudi-
nal study of 9584 adults in the Aerobics Longitudinal study found that weight dis-
satisfaction was associated with increased risk for T2DM independent of 
BMI. Subjects who became more satisfied with their weight were more likely to 
become physically active with a trend toward improvement in T2DM risk. Physicians 
and health providers should take this into account and perhaps identify other moti-
vators to promote health behavior change.

Fitness may play a role as a psycho-physiological modifier, improving self-
esteem, body image, perceived weight satisfaction, and metabolic conditions. The 
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degree to which a person is satisfied with their body weight seems to play a role in 
their choice of behaviors around motivation for change. Weight satisfaction has 
been reported to be associated with better lifestyle behaviors such as regular physi-
cal activity and consuming more fruits and vegetables. Weight satisfaction is also 
associated with less motivation to change in those who perceive their weight as 
positive, even if overweight. Weight dissatisfaction is associated with unhealthy 
behaviors such as snacking, binging, and smoking. Thus, weight dissatisfaction is 
not a motivator to achieve a healthier lifestyle. Focusing on body-weight/shape con-
cerns in both males and females, and identifying potential modifiers of such con-
cerns, may prove helpful to the individual with obesity.

18.5  Quality of Life

A patient’s perception of their own well-being (physical and mental) and function 
as a consequence of a medical condition(s) is commonly measured in clinical 
research with the self-administered tool Health Related Quality of Life score. Most 
studies document that as BMI and comorbidities increase, quality of life (QOL) 
decreases. This association seems to be more prevalent in women and the elderly, 
where QOL scores typically show decreases in physical function and general health, 
but not mental scores. It has been shown that QOL is negatively impacted by mobil-
ity, pain, and lack of sleep. Chronic lack of sleep also leads to weight gain, meta-
bolic syndrome, cardiovascular disease, alterations in immune function, 
inflammation, and mood disorders. QOL improves with weight loss.

18.6  The Physiological Interface of Stress, Mood,  
Behavior, Pain, and Food

18.6.1  Stress

The human adaptations to managing overwhelming environmental, physical, physi-
ological, or emotional demands, in an effort to regain balance, are termed collec-
tively as stress. The adaptive neuroendocrine mechanisms by which one maintains 
this allostasis, or new tentative physiological equilibrium, comes at a price. Allostatic 
load, or the cumulative excess of stress, weakens the human organism’s ability to 
adapt and increases risk for illness and disease. The impact of stress on neurobio-
logical pathways involved in reward circuitry, appetite, and addiction alters behav-
ior and consequent physiology, leading to overeating and weight gain in vulnerable 
individuals.

There is an association between chronic stress and weight gain, predominantly 
from the accrual of visceral adipose tissue. Chronic stress leads to the subsequent 
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risk for insulin resistance and abnormal regulation of glucose homeostasis induced 
by a dysregulated HPAA axis. The alterations in insulin regulation, together with 
the continued release of glucocorticoids, impact the hormonal circuitry regulating 
appetite (leptin, ghrelin, neuropeptide Y (NPY)) and change eating behavior (selec-
tion and intake of high calorie foods), promoting visceral adiposity, furthering this 
cycle. Ghrelin, a gastrointestinal hormone secreted before each meal, has been 
implicated in regulating mood and anxiety (see below). Additionally, persistent 
sympathetic activity may aggravate insulin resistance as well.

Increased feeding behavior leads to decreased anxiety and stress. The amyg-
dala, prefrontal cortex (PFC), arcuate nucleus, and the hippocampus, under the 
regulation of corticotropin-releasing factor, NPY, and the noradrenergic system, all 
contribute to this effect of increased feeding. This highly integrated network 
impacts reward pathway activation. There is an increase in dopamine transmission 
and subsequent seeking of highly palatable (HP) food. This may be seen as a 
reward system, especially for food that is high in fat and sugar, potentially sensitiz-
ing this path for continued persistent activity. Given the involvement of this net-
work in mediating limbic (emotions/memory) system function via the amygdala, 
hippocampus, and insula, as well as cognitive and executive functions via the PFC, 
it is clear how chronic stress might lead to alterations of eating behavior. It is also 
thought that exposure to, and consumption of, HP food, may not only act as a 
learned reward but also result in cue-triggered wanting (incentive salience) and 
increased sensitization to the cue itself, thereby augmenting potential induction of 
the response. Additionally, this heightened motivational response to the cue fluctu-
ates with the physiological state.

18.6.2  Food and Behavior

The neurotransmitters serotonin, dopamine, opioids, and GABA play a role in 
the integration of mood, reward, pain modulation, eating behavior, and food 
consumption. Scientists have separated “wanting” (motivation to obtain) medi-
ated by dopamine from “liking” or the hedonic/pleasurable part of the reward, 
mediated by opioids. Both of these systems work together to augment the seek-
ing and experience of a given reward. Some scientists have suggested that this 
neurochemical circuitry, critical for drug and alcohol addiction, could easily 
play a role in overeating or “addictive” eating behaviors (coupling emotions and 
food/eating, habit, learning, and pleasure) in a vulnerable population in an obe-
sogenic environment. People with drug and alcohol addiction in recovery have 
increased sugar cravings and weight gain. On a clinical level, some individuals 
who struggle with obesity do perceive this as an “addiction” or compulsion (see 
Food Addiction).
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18.6.3  Mood and Food

An individual’s physiological state is modified by mood (a temporary state of mind 
without obvious stimuli) and emotion (circumstantial feeling). Macht proposed five 
classes of emotion-induced changes of eating: (1) emotional control of food choice, 
(2) emotional suppression of food intake, (3) impairment of cognitive eating con-
trols, (4) eating to regulate emotions, and (5) emotion-congruent modulation of eat-
ing. Emotional stress modifies intake depending on the type and intensity of stressor. 
This leads to an increase in palatable food consumption and weight gain, or the 
opposite, a decrease in intake and weight loss.

Depressed moods are associated with eating “comfort foods.” In the short term, 
consumption of HP foods may lead to relief of the negative state. But, in the long 
term, consumption of HP foods leads to obesity, which can in turn lead to mood 
dysregulation. Mice chronically fed with a high-fat diet exhibit depressive-like and 
anxiety-like behavioral changes and heightened stress responses. When switched to 
normal meals, these mice demonstrate increased craving of HP foods and greater 
anxiety-like behavior. Meal plans high in saturated fat and low in polyunsaturated 
and monounsaturated fats have been associated with an increased incidence of 
depression. On the other hand, the Mediterranean meal pattern, which includes pri-
marily unsaturated fats, is associated with a decrease in depression. Several studies 
have demonstrated a reduction in depression when omega-3 polyunsaturated fatty 
acids (PUFA) have been added to the meal plan.

Gastrointestinal hormones predominantly signal appetite, hunger, satiety, and 
energy homeostasis but are also involved in mood regulation. Ghrelin, produced in 
the stomach, signals hunger and energy homeostasis to the arcuate nucleus of the 
hypothalamus via vagal afferents that project to the nucleus solitarius tract. 
Additionally, ghrelin signals to mesolimbic dopaminergic pathways involved in 
reward/motivation pathways. Ghrelin receptors are capable of signaling to serotonin 
pathways, implicating a role for ghrelin to engage in crosstalk between mood and 
food. Several studies have suggested that ghrelin may modify stress and affect.

Leptin may play a role in mediating mood, given its main role in the neuroendo-
crine regulation of appetite and energy homeostasis in this circuitry. However, data 
regarding leptin and mood remain unclear, complicated by differential signaling 
within brain regions, and peripheral effects.

18.6.4  Inflammation, Food, and Mood

Obesity is associated with low-grade inflammation and an increase in inflamma-
tory signals. Altered cytokines and interleukins, in turn, have been associated with 
mood disorders in animals and humans. Inflammatory pathways interface with, 
and modify, the regulation of the reward circuitry. This may manifest in altered 
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food intake, craving, and overeating. Hypothalamic inflammation, as a conse-
quence of an HP meal plan in animals, is associated with an increase in IL-6, 
TNFα, IKKb, and NFκB. Central inflammation at the level of the hypothalamus 
results in leptin and insulin resistance, altered behavior, weight gain, and glucose 
intolerance. Weight loss is associated with a decrease in inflammatory markers, 
such as C-reactive protein, TNFα, and IL-6. Cytokines vary in their effects on 
inducing or decreasing inflammation and may vary in the degree to which they 
contribute to obesity. Furthermore, insulin resistance has been proposed to affect 
insulin signaling at the level of the hypothalamus. Insulin resistance and its nega-
tive impact on mood are controversial, and research is currently underway to delin-
eate its role.

18.6.5  Pain and Food

The individual factors that contribute to the management of pain and eating behav-
ior changes are complex and likely involve alterations in reward circuitry. Food-
induced analgesia involves the endogenous opioid system and can be modified by 
the opioid inhibitor naltrexone. Cyclooxygenase 2 selective inhibitors may have 
antidepressant effects and may cause nausea and/or decrease appetite. 
Mechanistically morphine works through two pathways in the brain—one for anal-
gesia and one for the reward pathway—thought to be mediated by leptin, an adipose 
tissue hormone. Leptin seems to play a role in mediating the pain regulation net-
work. Animals that are leptin deficient or inhibited experience the analgesic effect 
without the reward effect. Leptin may regulate pain and stress responses via its 
influence on dopamine neurotransmission. Allelic variation in the leptin gene 
showed differential responsiveness to dopamine (DA) release under a given pain 
stimulus. Thus, leptin is a hormonal signal linking pain modulation with DA cir-
cuitry affecting mood and eating.

18.7  Chronic Pain

The individual with obesity often suffers from chronic pain, with an increase in pain 
prevalence as BMI rises, especially at a BMI over 40 kg/m2. Pain associated with 
obesity is multifactorial, involving genetic, metabolic, biomechanical, environmen-
tal, neuroendocrine, behavioral, social, and cultural contexts for a given individual. 
The combination of obesity and pain leads to a decrease in QOL and functional 
capacity and may make pain management more difficult. Pain is also a reciprocating 
condition. Pain aggravates, is aggravated by, and potentially interferes with the 
treatment of many of the comorbid conditions associated with obesity. These 
comorbid conditions include mood disorders, sleep disruption, low QOL, diabetes, 
and heart disease. The presence of pain may also interfere with weight loss, activity, 
and effecting lifestyle changes.
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18.7.1  Mechanism(s) Linking Pain and Obesity

Several mechanisms link obesity and pain. Mechanical and structural factors affect-
ing posture, vertical loading, joint misalignment, and altered ambulation result in 
muscular deconditioning and back and joint pain. Additionally, inflammatory effects 
of cytokines confer both local (e.g., degeneration in articular cartilage) and systemic 
(e.g., fibromyalgia) effects contributing to pain.

18.7.2  Specific Areas Affected by the Comorbid Conditions 
of Obesity and Pain

18.7.2.1  Osteoarthritis

Obesity is a significant risk factor (sevenfold) for osteoarthritis (OA) and is thought 
to be a consequence of both mechanical and inflammatory stresses. Biomechanical 
stress- and visceral fat-derived inflammatory factors both lead to joint degradation 
and pain. The pain is aggravated by inadequate muscle strength. Pain associated with 
OA affects mobility, self-efficacy, and function. Anatomically, abdominal obesity 
poses a greater risk for lower limb pain and doubles the risk for developing chronic 
pain, especially on the feet. Walking characteristics change as an individual alters 
his/her movement pattern to adapt to weight change, aggravating pain and limiting 
mobility. Obesity and overweight are associated with chronic low back pain and 
seeking care for low back, with risk proportional to increase in excess body weight.

18.7.2.2  Headache

There is a 5.3-fold increase in the relative risk of headaches in those with a BMI of 
≥25 kg/m2 compared to those with a BMI under 25 kg/m2. However, an increased 
risk for migraine headaches in association with overweight or obesity remains con-
troversial. Though the association with episodic migraine is not clear, there is 
increased risk of developing chronic migraine headaches in those with obesity, 
especially in younger adults. There is increased risk of weight gain attributed to the 
medications used for migraine headaches, such as gabapentin, beta-blockers, tricy-
clic antidepressants, and serotonin reuptake inhibitors (SSRI). Medication-related 
weight gain may aggravate comorbid conditions and lead to metabolic complica-
tions, thereby impacting QOL and self-esteem.

18.7.2.3  Fibromyalgia

Fibromyalgia (FM) is a constellation of symptoms including musculoskeletal 
pain, stiffness, point tenderness, fatigue, disordered sleep, cognitive impairment, 
and decreased QOL scores. FM strongly associates with depression. And there is 
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a 40% increased prevalence of obesity in patients with FM. FM has a prevalence 
of 2–4% in the general population and rises to a prevalence of 5.1% in bariatric 
surgery candidates. FM is more prevalent in females. Patients with FM and 
higher BMI have lower QOL scores, corresponding to lower subscale scores in 
physical function.

Obesity aggravates the severity of the fibromyalgia symptoms and limits mobil-
ity. FM patients without obesity are twice as active as those with obesity. Both FM 
and obesity exhibit elevated cytokine levels implicating inflammation as playing a 
major role in the altered neurotransmitters and other neuroendocrine modulation of 
mood, symptoms, and behavior in these two diseases. There is improvement in 
baseline depression, pain, point tenderness, anxiety, sleep quality, body satisfaction, 
and QOL with medical or surgical weight loss in individuals with FM.

18.7.3  Behavioral Consequences of Pain

Chronic pain is associated with depression. The prevalence of physician-diag-
nosed major depressive disorder (MDD) in patients with back/neck pain is 
reported to be between 2.5% and 15.7%. In contrast, the rate of patient self-
reported depression is in the range of 18–21%. Alterations in coping include 
changes in eating patterns combined with decreased movement, in a vicious cycle. 
Chronic pain is associated with hedonic hunger pathway stimulation (see Sect. 
18.6). The Women’s Health Initiative cohort showed that BMI and depression 
were independent predictors of pain and physical function over 3 years. Weight 
gain may be related to worsening depression.

18.7.3.1  Pain Experience and Behavioral Response

To gain better insight into the experience of pain in an individual with obesity, 
Janke and Kozak, utilizing small focus groups and structured interviews at a veter-
ans’ hospital, reported several central themes essential to understanding psycho-
logical barriers to weight loss interventions and pain management. Subjects 
described depression occurring with pain that made it difficult to cope, thwarted 
efforts to be active, prevented them from engaging socially, and affected eating 
behavior and food choices. Participants noted feelings of self-sabotage and shame 
related to using food to cope with pain. Food intake distracted them and helped 
manage the frustration of chronic pain. Some described eating as their only plea-
surable activity. Many described the emotionally charged eating as a “binge” (even 
though clinical criteria were not assessed) with feelings of being out of control, 
eating large amounts of food, and finding temporary relief from pain. They then 
experienced a return of the pain with a depressed mood, in a vicious cycle. Subjects 
described “needing” foods high in sugar and fat to help the pain, even those who 
formerly (prior to pain onset) had healthy meal plans. Additionally, many 
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experienced cravings for these foods and voiced a vulnerability and low self-effi-
cacy to resist them. Being sedentary was the norm, and everyone described pain as 
making it difficult to move at all, even those who used to enjoy being regularly 
active. This limited movement, and awareness of it, aggravated their sense of 
shame, frustration with their body, negative self-image, social isolation, depressed 
mood, and low motivation to make changes. Furthermore, some participants noted 
that sometimes pain worsened with physical therapy and that this made it difficult 
to pursue other physical activity. Clearly, the interface between pain, low mood, 
limited activity, and coping with food needs to be better understood in an effort to 
help these individuals.

Chronic musculoskeletal pain, avoidance behaviors, decreased physical activ-
ity, and functional decline lead to weight gain in a vicious cycle for the individual 
with obesity (Fig. 18.2). Musculoskeletal pain (knee, hip, ankle, spine) associated 
with obesity directly impacts daily living and mobility (walking, standing, shop-
ping, engaging in any activity that requires carrying one’s body weight). 
Musculoskeletal pain becomes a barrier to engage in physical activity and even in 
perceptions about being physically active. Pain is associated with lower QOL and 
impaired psychosocial health. The frequent experience of musculoskeletal and 
joint pain, which may worsen after physical activity, and other discomforts such as 
dyspnea, cause many individuals with obesity to perceive physical activity as a 
negative. This makes it difficult to see the benefits of regular physical activity and 
leads to a more sedentary lifestyle. Given the necessity of increased energy expen-
diture for weight loss and weight-loss maintenance, it is critical to recognize the 
potential impediment of chronic pain.

Pain is uniquely subjective and has many facets, including physical, behavioral, 
psychological, and emotional, but several psychological responses to pain have 
been described to delineate quantifiable aspects. A “pain catastrophizing” scale 
(PCS) assesses the degree to which a person focuses on pain and feels helpless 
when experiencing pain. The perceived ability to function, or not, and the coping 
skills applied, are most pertinent to helping patients manage pain. Individuals who 
score high on this scale tend to engage in less physical activity. In those with a BMI 
between 38 and 61 kg/m2, binge eating is reported more frequently, perhaps as a 
method of coping. Self-efficacy (the belief that one can perform a particular behav-
ior) has been examined in patients with arthritis. Those who have high self-efficacy 
are less likely to score high on the PCS and more likely to participate in added 
physical activity. A randomized controlled trial examining the impact of pain-cop-
ing skills training and behavioral weight management demonstrated a reduction in 
negative psychological conditions, including a lower of PCS.

Kinesiophobia, or fear of movement, associated with chronic pain is seen in 
patients with increased BMI. In patients with musculoskeletal pain, muscle con-
traction results in an increase in generalized pain, whereas in normal volunteers, 
it results in generalized analgesia. In these patients with chronic pain, exercising 
the painful muscles did not result in analgesia. It is important to recognize the 
potential vicious cycle that may ensue for the patient with exercise-induced exac-
erbation of pain. Fear and avoidance of pain lead to decreased physical activity 
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and in turn, decreased physical activity leads to more pain. Individuals with obe-
sity and chronic low back pain have associated fear of movement that correlates 
with self-reported disability and physical performance. In older adults with obe-
sity and lower back pain, decreased mobility is more related to fear around pain 
than actual decreased back strength.

Pain Weight gain/
   adiposity 

Pain Weight gain/
   adiposity 

Negative self-efficacy

Fear of movement

Neuroendocrine
factors

Inflammatory
factors  

Avoidance/sedentary
behavior 

Physical
disability 

Coping 

Metabolic

Sleep

Mood

Fig. 18.2 The vicious cycle for the individual 
with obesity and chronic musculoskeletal pain 
includes negative self-efficacy and fear of 
movement, which leads to avoidance and 
sedentary behaviors, furthering weight gain. 
Weight gain leads to altered mood, sleep, 
coping, and metabolic abnormalities 
furthering physical disability. Neuroendocrine 
and inflammatory factors perpetuate this cycle
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18.7.4  Management

Physical therapy has a beneficial impact on weight loss and improvement in pain 
and performance in those with osteoarthritis in the extremities. Knee pain and 
mobility improve with weight training and nutritional intervention, independent of 
severity of joint damage on MRI. Supporting the development of pain-coping skills 
simultaneously with weight management can be beneficial long term. Assessing 
pain-related function and/or disability may be more helpful than a pain score per se. 
Encouraging movement and facilitating mobility is key to the management of 
chronic pain since many with pain remain inactive or have developed habits around 
being sedentary. Understanding the degree, to which an individual exhibits fear of 
movement, perceives helplessness due to pain, has altered coping, or has decreased 
self-efficacy, is critical to guiding management and facilitating outcome.

A program focused on strengthening and stabilizing the musculoskeletal system 
decreases depressive symptoms, joint pain, and the need for analgesic medication. 
It also improves mobility and is associated with increased self-efficacy for physical 
activity. Strengthening and stabilization of the musculoskeletal system also decrease 
inflammatory factors (IL-6, CRP), potentially protecting from further joint dysfunc-
tion. Modifying physical activity to small increments, including short sessions of 
weight bearing throughout the day, may help with pain management, improved 
endurance, and better attitudes regarding activity. Pain coping skills (distraction, 
relaxation, decreased sense of helplessness), when taught to individuals with knee 
OA in concert with a behavioral lifestyle intervention for weight, led to improved 
self-efficacy for physical activity, perceived function, and reduced pain. Use of 
mobile devices and accelerometers for weight management may help with promot-
ing and supporting movement in those with obesity and chronic pain.

18.7.4.1  Pharmacotherapy

The use of pharmacotherapy for pain management is often essential to improve 
mobility and QOL and to achieve weight loss. However, potential weight gain from 
some of the commonly used pain medications is a concern. Analgesics such as gab-
apentin and pregabalin are associated with weight gain. One study showed 80% of 
patients taking gabapentin gained an average of 7% and no one lost weight. A 
weight gain of 7% can pose additional risk for furthering metabolic complications. 
Topiramate (approved for migraine) or zonisamide, if tolerated, can result in weight 
loss and may offer a possible alternative for pain management.

Opioids are effective for pain but are problematic and may be more so in an indi-
vidual with obesity. Given the known risk for opioid dependence in the general 
population, there is concern that some individuals with obesity may have an 
increased genetic risk for addiction, making them more vulnerable. Also, opioid use 
can stimulate hunger and drive eating behavior in animals and humans, aggravating 
the potential for weight gain. Conversely, weight loss can occur with the use of 
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naltrexone, an opioid antagonist, which is approved for use with bupropion as an 
obesity medication. Additionally, opioids may play a role in mediating insulin resis-
tance. Normal-weight subjects who had first-degree relatives with obesity, when 
exposed to opioids, develop increased insulin resistance and fasting plasma glucose, 
compared to those without a first-degree relative. Furthermore, opioid hyperalgesia, 
increased sensitivity to pain occurring as a result of chronic use, may lead to greater 
opioid use as well as avoidance of physical activity. This perpetuates skeletal mus-
cle weakness, inflammation, and pain in a vicious circle. Importantly, gastric bypass 
can affect absorption of pain medications, and increased use of opioids postopera-
tively is needed to control pain. Factors associated with this increased need are 
presurgery anxiety, smoking, and opioid use. Altered morphine absorption and 
increased morphine exposure during the postoperative period contribute to the risk 
for opioid dependency.

Antidepressants such as the serotonin-norepinephrine uptake inhibitors (SNRIs) 
duloxetine and venlafaxine have been used for relief from chronic pain; however, 
long-term use and higher doses are related to weight gain. Less than 30 weeks of use 
causes mild weight loss. Weight gain with prolonged use ranged from 2.5% to 9.9% 
in a review of 16 studies. There is a gender effect, with more women experiencing 
weight gain. SNRIs may be useful agents for an individual with obesity expressing 
several comorbid conditions such as coexisting depression, generalized anxiety, 
OA, FM, and/or diabetic neuropathy. A newer SNRI, milnacipran approved for 
fibromyalgia, is not associated with weight gain, and use greater than 3 months is 
associated with weight loss. Corticosteroids have been used acutely for pain flares 
either orally or via epidural injection. Intermittent acute use does not seem to be 
associated with weight gain; however, blood glucose increases in T2DM. Chronic 
corticosteroid use results in weight gain and worsens blood sugar control. Tricyclic 
medications such as amitriptyline and nortriptyline are known to result in weight 
gain for both acute and chronic use, though weight may stabilize with use of the 
latter after 4 months.

The effectiveness of pain medications is subject to an individual’s sensitivity, 
response, and other potential side effects besides weight gain, such as alterations 
in mood, cognition, sleep, etc. Typically, we think of pain medication as chronic, 
but little is known about the potential advantage of using small doses of pain 
medications (such as opioids) to facilitate physical therapy or physical activity on 
an acute basis.

18.8  Early Childhood Experiences

Childhood experiences such as parental neglect/lack of support, abuse, trauma, 
depression, and school difficulties have been associated with an increased risk for 
obesity in adulthood, chronic illness, and depression. Several meta-analyses support 
the positive association of interpersonal violence in childhood from caregivers or 
peers and obesity in adulthood. All four types of childhood abuse—sexual, verbal, 
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mental, and physical—have been associated with increased weight in adulthood. 
Any abuse increases the risk of obesity by 1.3 times, with a proportional increase in 
risk in those who experienced severe abuse. Adults reporting childhood abuse were 
4 kg heavier than adults who reported no abuse during childhood. There is a propor-
tional increase of abuse reports in those with BMI ≥40 kg/m2, compared with those 
with a BMI ≥30 kg/m2. There is a positive association between peer bullying and 
obesity. Gender, age, and baseline weight at time of bullying have been studied for 
possible increased susceptibility to weight gain, but no clear pattern has been identi-
fied. Evidence is inconsistent for an effect of community violence on the develop-
ment of obesity. It has been proposed that community violence may be experienced 
differently than direct caregiver or peer violence and may be modified more directly 
by family.

Negative affect (emotional difficulties, anger, perceived stress), maladaptive 
coping, emotional/binge eating, stress, inflammation, and metabolic disturbance 
may be mediating factors in the relationship between childhood abuse and obesity. 
Experiencing violence in childhood is associated with stress eating and emotional 
coping in childhood. Waist circumference and central adiposity increase in those 
who experienced caregiver violence, implicating stress and inflammatory path-
ways, and potentiating future poor health. Depression, anxiety, personality disor-
ders, and substance abuse in adulthood have been associated with a history of 
childhood abuse.

Weight gain has been proposed to serve an adaptive or self-protective function in 
women who have experienced childhood sexual abuse. Women may use their weight 
as a protection or barrier from sexual advances. Loss of this protection during 
weight loss may bring attention to one’s body and trigger increased anxiety, imped-
ing further loss or causing weight regain. Women who have a history of childhood 
sexual abuse have less weight loss and higher regain after being on a very low-cal-
orie meal plan. These women report less body dissatisfaction.

Early childhood experiences shape psychological flexibility, sleep patterns, life-
style choices, esteem, shame, self-blame, social relationships, trust, stress manage-
ment, and ability for self-care and potentially impact future health as an adult.

18.9  Mood Disorders

18.9.1  Depression

Given the high prevalence of both depression and obesity and the known impact of 
each on metabolic disease, health, and well-being, understanding the relationship 
between the two offers opportunities for prevention and treatment. Most research 
has suggested a bidirectional relationship between obesity and depression, with 
more support for causality in the direction from obesity to depression. Depression, 
however, remains a risk factor for the development of obesity. Thus, baseline obe-
sity is a risk for depression and depression is a risk for obesity. Causality per se may 
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not be as important as the recognition that they can coexist, affect each other, and 
both should be treated. What is critical for the physician to understand is the com-
plex, heterogeneous nature of both of the conditions and the biopsychosocial vari-
ables (see below) that modify a given clinical presentation, and therefore affect 
management.

Adolescence appears to be a vulnerable developmental period of increased risk 
for obesity (also see section on Early Childhood Experiences). Prospective and 
cross-sectional research examining this relationship from adolescence into early 
adulthood finds a bidirectional relationship between depression and obesity. 
However, there is also an inverse relationship, with less weight gain and obesity in 
those who were depressed. Baseline weight may make a difference—those with 
greater weight who developed depression were more likely to develop obesity, indi-
cating a vulnerable subpopulation. Females may be more susceptible in childhood 
and adolescence to developing depression and obesity (bidirectional). The data for 
boys vary. Recent studies of adults found no difference for gender. There is a higher 
prevalence of depression in those seeking treatment for obesity, including bariatric 
surgery. Data are limited regarding the roles of race or education in affecting this 
relationship.

Biopsychosocial variables such as stigma, bias, poor physical function, pain, 
and low QOL moderate the expression of depression within an individual with 
obesity. Key modulators of the relationship between obesity and depression are 
the severity of obesity (BMI ≥ 30 kg/m2), past history of childhood or physical 
abuse, family history of depression, poor physical health, perceived stigma, poor 
social support, and eating dysregulation. Additionally, younger persons between 
25 and 64 years old may be at greater risk. Poor physical health, including general 
fatigue and pain that limits physical function, augments depressive symptoms, 
decreases QOL, and increases the risk for the development of depression in an 
individual with obesity. Physical activity may act as a bidirectional psycho-phys-
iological modifier, improving self-efficacy, QOL, and commitment to further 
physical activity. Loneliness or perceived social isolation negatively impacts 
many aspects of QOL, including physical and mental health. Animal studies show 
a direct negative physiological response to social isolation, including a rise in 
sympathetic tone, HPAA activation, inflammatory and stress pathways, and 
altered activation of mesolimbic dopaminergic pathways. The quality and fre-
quency of social relationships, and interpersonal effectiveness, mediate the rela-
tionship of depression to obesity and affect the response to a weight-loss 
intervention.

Given the heterogeneity of major depressive disorder (MDD), a group recently 
explored whether individuals with obesity might be more likely to show recurrent 
MDD as assessed by a structured clinical interview (defined as more than one epi-
sode in a 2-year period, with at least 2 months in between episodes), as opposed to 
a single episode. Individuals with a BMI ≥ 30 kg/m2 were more likely to have recur-
rent MDD after adjusting for confounders. An altered structure of the hippocampus, 
which has been reported with recurrent MDD as well as increased visceral fat in 
middle-aged adults, may play a role.
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Additional aspects are the use of antidepressants, quality of sleep, sleep distur-
bance (like apnea), level of physical activity, impediments to physical activity, eat-
ing disorders, family risks (for obesity, depression, or both), and severity of obesity 
(those with BMI ≥ 40 kg/m2 may be at increased risk). Pharmacological treatment 
for mood disorders is associated with weight gain, but is out of the scope of this 
chapter. The use of antidepressant medications for chronic pain management and 
BED is discussed above.

The idea that there may be vulnerable subpopulations for obesity and/or depres-
sion is an important consideration. The identification of depression and its treatment 
is critical to the management of obesity. The awareness that depending on context 
depression may result in propensity for weight gain is equally important. We are just 
starting to assess the subphenotypes of obesity.

18.9.1.1  Illness

An additional important concern is the impact of co-occurring chronic diseases that 
can aggravate weight as well as potentiate cyclical effects on mood. Many chronic 
illnesses are worsened with the presence of depression and anxiety, often in a recip-
rocating way. Co-occurrence of a mood disorder (depression and anxiety) is thought 
to aggravate the chronic illness in both behavior and perception of intensity of ill-
ness. The co-occurrence may be more predictive of functional impairment than the 
severity of the chronic illness itself. Additionally, the more physical illnesses a per-
son has, the less likely the mood disorder will be recognized.

In individuals with asthma, there is a higher prevalence of anxiety, panic disor-
der, psychological distress, and a sense of lack of control over their own health. The 
ability to choose appropriate self-management when given a clinical scenario was 
examined in a group of patients with chronic obstructive pulmonary disease. Those 
with anxiety and depression scored lower in choosing the appropriate action for a 
severe scenario despite having the knowledge. Subsyndromal depression and MDD 
are predictors of cardiovascular disease, myocardial infarction, morbidity, and mor-
tality. Anxiety is also linked with increased morbidity and sudden death. A prospec-
tive study in a general medical clinic found that the degree of psychological distress 
was related to mortality from ischemic heart and pulmonary disease. Those having 
severe psychological distress had a mortality risk of 70%, compared to those with 
more moderate stress who had a mortality risk of 40%. Consistent with these find-
ings, negative emotions such as social anxiousness were strongly related to increase 
the risk of heart disease. Additionally, a prospective study of patients after MI found 
that perceived “physical health” and depression were predictive of adherence to risk 
reduction behavior, but this was not so for “mental health.”

A bidirectional relationship between depression and T2DM has been increas-
ingly reported, although causality and risk have not been defined. The prevalence of 
depression has been reported to be twofold higher in individuals with T2DM com-
pared to the general population, though risk assessment is methodologically limited. 
Depression and diabetes may be synergistic with reported higher functional 
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 disability, poor self-care, and earlier negative outcomes. Depression may precede 
the presentation of diabetes by years. Additionally, data from the Look AHEAD trial 
suggest that the combination of depressive symptoms and T2DM may confer a 
greater cardiovascular risk. The exact mechanisms are unknown, though a complex 
psychological and biological interface is likely. Given what appears to be a cyclical 
relationship between mood, illness, perceived impact of physical health, and psy-
chological distress, an optimal approach would be to treat weight and the comor-
bidities simultaneously.

18.9.1.2  Suicide Risk After Bariatric Surgery

There is a fair amount of controversy regarding severe obesity as a risk factor for 
suicide. Importantly though, suicide post bariatric surgery is emerging as a concern, 
especially in view of the expected improvement of other serious comorbidities such 
as diabetes, cancer, and cardiovascular disease. In comparison to the general popu-
lation (World Health Organization database) that estimates a suicide risk of 1.1 case 
per 10,000 individuals, post-bariatric surgery patients were found to have four times 
the risk. An even higher rate (6.6 times) of suicide after bariatric surgery has been 
documented. Men, between 45 and 54 years of age, have higher rates of suicide 
(13.7/10,000) compared to females (5.2/10,000). This compares to suicide rates in 
the general US population of 2.4 and 0.7 cases per 10,000 for men and women, 
respectively. The majority of suicides occurred 18 months to 5 years post surgery.

Depression is strongly associated with suicide. Also, previous suicide attempt 
and suicidal ideation are increased predictors for a completed suicide. Most studies 
report depressive symptoms as the most common potential factor for the suicide 
after gastric surgery. Additionally, impulsivity, history of child abuse, substance 
abuse, mood and borderline personality disorders, and loss of emotional coping 
through food ingestion are considered possible risk factors for depression and sui-
cide. Lack of perceived success, such as weight regain or minimal weight loss, has 
also been suggested as a potential facilitator for depression and possibly suicide, as 
the same is true of re-emergence of medical illness such as diabetes or sleep apnea 
3–7 years after surgery. Alcoholism appears to be an associated factor. There are 
concerns about the emergence of alcohol use disorder (AUD) during the second 
postoperative year after Roux-en-Y gastric bypass. Increased risk for AUD includes 
male gender, younger age, preoperative AUD, regular alcohol use, smoking, 
decreased interpersonal support, and recreational drug use. Additionally, altered 
alcohol metabolism postoperatively, resulting in higher and longer concentrations 
of blood alcohol than prior to bariatric surgery (gastric sleeve or Roux-en-Y gastric 
bypass) is a possible mechanism for AUD. Patients have self-reported greater sensi-
tivity to alcohol, feeling more intoxicated with less alcohol consumed, as well as 
difficulty in limiting intake.

There is incomplete information regarding suicide post bariatric surgery. To 
understand suicide after bariatric surgery more information is needed, including 
method, time frame, amount of weight lost, attempts versus completed, and  previous 
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psychopathology. Furthermore, use of population comparators and controls differ 
among studies and have produced discrepant findings.

The lowering of ghrelin secretion by gastric bypass and sleeve gastrectomy con-
tributes to depression and the potential for suicide. Partial gastrectomy for ulcer 
disease has been associated with increased suicide. Endocannabinoid 1 antagonists, 
removed from the market for depressive symptoms, lower ghrelin levels. Vagus 
nerve stimulation is used as a treatment for depression. Thus, possible mechanisms 
for increased depression include the interruption of the vagus nerve during surgery 
and alterations of other gastrointestinal hormones.

An increased risk (1.6×) of death—that may be emotionally or psychiatrically 
related, other than suicide, has been reported in post-bariatric surgery patients com-
pared to a control group of individuals with severe obesity. Causes of death include 
accidents, poisonings, alcoholism (intoxication, cirrhosis, hepatitis), drug use, or 
lack of motivation in preventing nutritional deficiencies that result in death.

18.9.2  Anxiety

The link between obesity and anxiety remains unclear. Both conditions are common, 
with 25% of the population experiencing anxiety. Obesity can lead to the development 
of anxiety through weight-related stigma (public, private, internalized), discrimination, 
concerns about and dealing with comorbid health conditions, pressure regarding weight 
control, poor social networks, being isolated, lower socioeconomic stress, and sleep 
disturbance/apnea. Anxiety can lead to weight gain from altered coping styles 
(increased food and alcohol intake, decreased physical activity), cravings/appetite, 
chronic medical conditions, heritable traits, early childhood trauma, asthma, pain, 
worry about illness, insomnia, medications, and altered cortisol regulation. There is a 
positive risk of ~1.4 for anxiety in individuals, male and female, with obesity. In a study 
spanning 3 decades and using structured interviews, there was a 6.27-fold increased 
risk of generalized anxiety disorder (GAD) for an individual with a BMI ≥30 kg/m2. 
There is an increased risk of lifetime diagnosis of anxiety disorder in women with a 
BMI ≥ 30 kg/m2 and men with a BMI ≥ 40 kg/m2 in a population-based study of 
177,000 subjects. This risk was calculated after data were controlled for the diagnoses 
of diabetes, cardiovascular disease, and asthma but not other comorbid conditions of 
obesity, such as sleep apnea. The HUNT 11-year prospective cohort study examined 
anxiety and depression using the HADS (Hamilton Anxiety and Depression Scale) in 
~25,000 adults. The HUNT study found that both males and females who developed 
anxiety and depression were heavier by a kilogram compared to those who did not 
develop them (controlling for smoking, alcohol, education level, economic difficulty). 
Excluding for comorbidities or use of antidepressants did not change the findings. 
PTSD was found to have the strongest association with obesity. Phobias also had a 
strong association with obesity, especially social phobia in women. Anxiety is contex-
tual. Individuals altering their lifestyle to adapt to anxiety can develop obesity. And 
individuals with obesity who alter their lifestyle to lose weight can develop anxiety.
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18.10  Impulsivity/Binge Eating Disorder

As a personality trait, impulsivity may put a person at risk for weight gain, espe-
cially food-related impulsivity. Two components of impulsivity have been sug-
gested, which may apply to this risk: (1) being driven to obtain reward or having 
increased reward sensitivity with food which has neuroendocrinological basis or 
wiring and (2) tending to act rashly or spontaneously and disregarding consequences 
or exhibiting disinhibited behavior and loss of control. Either or both of these types 
of impulsivity can exist in an individual struggling with weight and can occur in 
other disorders such as binge eating disorder, attention deficit disorder, and addic-
tion. Most studies do not distinguish between the two types of impulsivity when 
assessing food intake.

Binge eating disorder (BED) is the most common of the eating disorders, affect-
ing 2–3.5% of adult men and women, respectively, of the general population. BED 
is defined as experiencing a loss of control over eating and consuming an abnor-
mally large amount of food in a short period of time with three of the following 
features: consuming faster than normal; until uncomfortably full and when not hun-
gry; alone due to embarrassment and feeling disgusted; and feeling depressed or 
guilty after eating the large amount of food at least once a week for more than 
3 months. Within the subpopulation of individuals with obesity, BED is 2–10× more 
likely, with a greater prevalence in those with severe obesity and seeking medical 
and surgical treatment. BED co-occurs with associated metabolic conditions, mood 
disorders, chronic pain, and substance abuse.

Actual pathophysiology of binge eating disorder is unknown though a constella-
tion of genetic/biological predispositions including reward sensitivity, impulsivity, 
mood regulation, sensitivity to external stimuli, and biopsychosocial factors seem 
involved in a complicated vicious cycle. Perception of loss of control has been asso-
ciated with the most psychological distress.

BED is common in those seeking bariatric surgery with a reported prevalence of 
5–25% of the population using structured interviews. Consensus varies regarding 
predicting outcomes of surgery based on preoperative BED. These studies are lim-
ited largely by variations in study methodology and diagnostic criteria (defining 
binge eating trait vs. disorder); the change in binge eating post-surgery (patients are 
unable to eat abnormally large amounts of food); assessment method (structured 
interviews or questionnaires); and other comorbid conditions such as mood, meta-
bolic conditions, and eating style. Increased risk for poor outcome has been associ-
ated in individuals reporting loss of control and dysregulated eating patterns after 
surgery, who tend to demonstrate eating-disordered pathology with body-shape/
weight concerns and psychological distress. Additionally, new forms of compulsive 
eating may emerge such as grazing and rumination with loss of control manifesting 
in weight regain.

People with obesity and BED may eat more under special conditions such as 
being in a fasted state, stressed or in a negative mood, or having been strongly 
exposed to food stimuli. Additionally, those with BED will eat more during the day 
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regardless of instruction (whether told to binge or eat normally) independent of 
mood or level of hunger. Food exposure, especially to multi-item meals, led to more 
disinhibited eating perhaps because they are more stimulating and perceived as 
more rewarding.

Brain imaging, neurobehavioral paradigms, eye tracking, and/or EEG have been 
used to assess impulsivity with food in experimental approaches to delineate differ-
ences between individuals with obesity and BED. Due to the nature of the method-
ology, most of the studies are small (total n ~40), study conditions vary, and the 
results are inconsistent. In studies of individuals with obesity and no BED, func-
tional MRI has suggested the activation of reward pathways in response to real food 
stimuli or food pictures in a fasted state compared to those of normal weight, espe-
cially with high-caloric food; however, some studies show only marginal differ-
ences between these groups, especially with a longer fasting period prior to 
exposure. The anatomical studies with positive results (increased reward pathways) 
differ in the representation of brain regions being activated, limiting conclusions. In 
individuals with obesity and BED, again results are highly variable, but overall, they 
suggest that reward sensitivity is dependent on homeostatic state. Increased atten-
tion to food and higher “wanting” scores were seen when satiated in obesity/BED 
subjects compared to normal controls.

In examining the second aspect of impulsivity, the question of do individuals 
with obesity show increases in rash-spontaneous behavior toward food, a recent 
review found no evidence for an increase in rash behavior in those with obesity 
alone—only in the sub group with BED. Researchers use EEG and eye-tracking 
methods to capture early subconscious processing to assess specific bias toward 
food versus nonfood stimuli. Individuals with obesity and BED showed increased 
beta activity on EEG and decreased inhibition to food cues compared to non-BED 
subjects. These results suggest that individuals with BED show an increased ten-
dency to act impulsively toward food cues independent of internal state.

Negative affect; food cravings, particularly for sweets; and exposure to HP food 
are typical triggers for binge eating and are exacerbated under stress. Ghrelin may 
play a role in directing eating versus noneating responses to stress; stress exposure 
increases circulating ghrelin levels in human associated with acute response of cor-
tisol to ACTH. Emotional eaters have lower baseline ghrelin levels compared to 
nonemotional eaters. Nonemotional eaters respond to food intake with a lowering of 
the ghrelin level but emotional eaters maintain ghrelin levels after food intake, sug-
gesting that persistent ghrelin levels may contribute to continued food intake in 
response to stress.

18.10.1  Treatment

Cognitive behavioral treatment (CBT) for BED has been the treatment of choice 
for and has been associated with total remission in at least half of the persons 
treated. Additional improvements in QOL, psychosocial functioning, and 
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depression have been seen. Interestingly, some work looking at the use of both 
behavioral weight management and CBT in those with BED indicates that the 
rapid responders (those who reduce the binge eating by >70% in the first 4 weeks) 
were more likely to achieve remission, decrease frequency of binge eating, and 
lose weight. A combined use of guided self-help via a workbook with a few CBT 
sessions (CBTgsh) has also shown to be effective for BED, with improvement in 
depression and functional impairment as well. A comparison of behavioral weight 
loss (BWL), CBTgsh, and individual psychotherapy (IPT) demonstrated that 
these psychological treatments were more effective as treatment for BED than 
behavioral weight loss alone, especially at 2-year follow-up. A low self-esteem at 
baseline seemed to minimize the response to BWL approach, whereas, the 
CBTgsh and IPT groups fared better, with IPT group faring the best, as expected. 
Overall, CBT, CBTgsh, and IPT are effective approaches for improving psycho-
pathology and psychosocial functioning for 1–2  years in individuals with 
BED. These interventions do not result in weight loss but may prevent further 
weight gain.

Pharmacotherapy options for the treatment of BED are limited. Overall, 
some SSRIs (citalopram, escitalopram, and sertraline) have shown success com-
pared to placebo in reducing binge eating severity and frequency with reduction 
in anxiety and obsession, and some modest weight loss ranging from 1 kg to 
5.6 kg, respectively. Results examining the combination of fluoxetine and CBT 
have shown mixed results with improvement at 6 months but no effect at 2 years. 
The studies with SSRIs have been difficult to interpret due to high dropout rate, 
high placebo response rate, small sample sizes, short-term studies with minimal 
follow-up, and differential reporting outcomes. Rapid reduction of binge symp-
toms within the first 4 weeks also seems to predict overall response to fluox-
etine. There remains a concern for long-term weight gain with the use of SSRIs. 
Topiramate, an anticonvulsant and migraine medication, has been shown to 
decrease binge frequency, severity of obsessions and compulsions, promote 
weight loss, and abstinence of binge eating compared to placebo. Use of topira-
mate has been limited by cognitive side effects. Atomoxitene, a selective nor-
epinephrine uptake inhibitor, approved for attention deficit hyperactivity 
disorder (ADHD), has also been shown to reduce binge frequency, psychologi-
cal symptoms, result in weight loss, and greater cessation of binge eating com-
pared to placebo. Recently, lisdexamfetamine dimesylate, a dextroamphetamine 
prodrug, approved for the treatment of ADHD was approved for the treatment of 
moderate-to-severe BED with a reduction in impulsivity, binge-eating compul-
sions, and weight loss at 11  weeks compared to placebo, though limited to 
patients without cardiovascular or psychiatric conditions which were exclusion-
ary for the trial. The side-effect profile is similar to that seen with use in patients 
with ADHD and effects of long-term use unknown. Effectiveness of the newer 
obesity medications, bupropion HCl/naltrexone, liraglutide, lorcaserin HCl, and 
phentermine/topiramate ER as treatment for the individual with BED remains 
unknown.
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18.10.2  Attention Deficit Hyperactivity Disorder

ADHD is a comorbid condition occurring in adults with obesity with a risk factor 
of 1.8 or 1.6 with overweight, and several studies have suggested a prevalence 
ranging from 35% to 38% in those with a BMI ≥40 kg/m2. ADHD typically co-
exists with other mood disorders—depression, bipolar, anxiety as well as addictive 
disorders, alcoholism, and drug addiction. Family risk analyses link drug depen-
dence and ADHD.

It is thought that the impulsivity, lack of organization, and novelty-seeking behav-
iors associated with ADHD can lead to poor dietary compliance and result in weight 
gain or inability to lose weight. Levy examined the effect of treating ADHD in adults 
diagnosed via semistructured clinical interviews on weight loss over 15  months. 
Diagnosis was supported by a childhood history of ADHD. Most subjects described 
a history of refractory attempts at weight loss. Comorbid conditions of sleep apnea, 
mood disorders, pain, gastroesophageal reflux disease, and BED were identified and 
treated before initiating ADHD treatment comprising primarily psychostimulants 
(dextroamphetamine/amphetamine, methylphenidate, and dexedrine) and atomox-
etine if the psychostimulants were not effective or not tolerated. Subjects who refused 
or did not tolerate pharmacological therapy acted as the control group. Those who 
were treated for ADHD lost 12% of body weight compared to those not treated, who 
gained 3%. It was noted that as ADHD improved, weight loss occurred. Subjects in 
this study described more boredom with the dietary and exercise regimens, time 
management issues, restlessness, impulsiveness, and inconsistent focus in previous 
weight-loss attempts. Those treated described better assessment of when they were 
hungry—awareness of status of being hungry or full, less novelty seeking, better 
time management, persistence, overall less fatigue, more energy, and a decrease in 
binge eating. Whether the drugs act directly as appetite suppressants or support better 
regulation of behavior and application of healthier habits, or relieve the individual of 
the intensive cognitive efforts to comply is not clear. Bariatric surgery patients with 
untreated ADHD may be at risk for follow-up and compliance with necessary vita-
min regimens. Overall, the research suggests that evaluating and treating ADHD in 
concert with weight-loss therapy may be valuable.

Impulsivity has been associated with obesity but it is difficult to clearly assess and 
separate roles of reward seeking from decreased inhibition or poor decision-making. 
Overeating takes many forms, and for some, it is a compulsive, “addictive” behavior-
ally driven activity. With the co-existence of binge eating disorder and ADHD, BED 
may mediate the link with overweight/obesity. Mechanistically, involvement of the 
dopaminergic pathways and altered regulation of arousal,  attention, and reinforce-
ment has been suggested. Does the “toxic environment” filled with sugar, fat, and salt 
act as a stimulant to a vulnerable population? Davis has suggested that for a person 
with ADHD, the impulsiveness and inattention coupled with a stimulatory environ-
ment may bring out addictive type of behaviors with food. She has also suggested 
that our overstimulated environment facilitates the expression of ADHD.
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18.10.3  Food Addiction

Patients commonly self-describe the feeling of being “addicted” to food with a 
sense of loss of control, obsessive thoughts of food, cravings for sugar/fat, and 
persistence in the behavior despite negative consequences with psychological dis-
tress. Animal studies show that increased exposure to HP foods results in increased 
food seeking, consumption, and tolerance of electrical shock to attain HP food. 
The neuroendocrine overlap with reward, impulsivity, and addiction is thought to 
play a role.

The Yale Food Addiction Scale (YFAS) was developed as a diagnostic tool to 
assess addictive behaviors related to food. Use of this scale in clinical samples of 
individuals with obesity suggested that BED and a “food addicted” (FA) population 
may be distinct entities. Those who met both criteria (FA and BED, 40–60%) were 
found to have more depression, negative affect, emotional dysregulation, lower self-
esteem, and greater binge eating frequency. Those with both criteria also had more 
disordered pathology with increased weight/body-shape concerns. fMRI studies in 
subjects with FA exposed to HP cues (without BED) show activation of neural net-
works associated with substance abuse. Individuals with obesity found to have FA 
presented with a greater severity of symptoms including impulsivity, emotional 
reactivity, and food cravings. Assessment of food addiction may help the clinician 
tailor the treatment to optimize outcomes.

18.10.4  Night-Eating Syndrome

An additional eating disorder that may be found in individuals with obesity and the 
constellation of stress and mood, eating, and sleep disturbances, is the night-eating 
syndrome (NES). NES was originally described as a triad of morning anorexia, eat-
ing ≥25% calories after 7 pm and insomnia in individuals who were unable to lose 
weight in a dietary and weight-loss intervention. NES was attributed to the stress of 
weight loss. Diagnostic criteria have been proposed, including evening hyperphagia 
(with awareness) with at least 25% of caloric intake after the evening meal and wak-
ing from sleep to eat ≥2  days a week; morning anorexia or skipping breakfast 
≥4 days of the week; insomnia associated with the belief that eating is necessary to 
return to sleep; worsening evening mood; and impaired function or distress. 
Awareness of nocturnal ingestion is critical to differentiate this disorder from that of 
sleep-related eating disorder, a variant of parasomnia.

NES is associated with increased BMI. Furthermore, night eating, which leads to 
a weight gain of 4.3–4.5 kg over 3–6 years, precedes the development of obesity in 
40% of night eaters with obesity. Obesity may occur earlier in life in those with 
NES. NES may be related to a change in circadian rhythm modulation, thought to 
be important in regulating weight (see below). Though there is a higher prevalence 
of NES among individuals with overweight or obesity, not everyone with NES is 
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overweight. The reasons for these differences are not clear. Individuals with normal 
weight and NES may adapt behaviorally during the day with intensive physical 
activity, cognitive restraint, and more fear of weight gain. Furthermore, some indi-
viduals may be more vulnerable to night eating. Women with obesity and NES 
gained more weight (5.2 kg vs. 0.9 over 6 years) compared to those without NES.

Patients with NES lose less weight during intervention studies, but this may be 
due to the type of intervention. Comparing a 900-kcal liquid meal plan to a behav-
ioral intervention with mild calorie restriction, physical activity, and psycho-educa-
tional sessions, the liquid meal plan intervention in those with NES resulted in 3 kg 
less weight loss than controls. There was no difference in the food-based behavioral 
group, i.e., those with NES did not fare worse than those without. Night eating may 
have impeded the overall calorie restriction in a liquid meal plan group. For those 
with NES, an approach with a multiple modality focus may be more useful, but 
more research is needed. The positive findings of the lifestyle approach suggest 
resetting of the circadian rhythm with redistribution of feeding, supported by dietary 
and behavioral strategies, as a benefit to those with NES.

Weight loss via both medical and surgical approaches results in improved NES 
behavior and symptomatology and lower night-eating questionnaire scores (NEQ) 
scores. The mechanism by which this occurs is unclear. Reduction in evening hyper-
phagia, ingestion, and frequency were seen in half of the subjects and persisted 
without concomitant improvement in binge-eating scores or depression. 
Pharmacological intervention with serotonin reuptake inhibitors (SSRIs) has shown 
improvement in NES symptoms and weight loss. Interestingly, subjects in an 
8-week study reported improvement solely in night-eating behaviors without change 
in mood as assessed by Beck Depression Inventory II (BDI-II), implying an inde-
pendent mechanism for NES.  Further investigation using pharmacotherapy 
approaches with SSRIs, topiramate, and the new obesity medications is warranted.

Using cognitive behavioral techniques to rearrange timing of eating, work with 
the distress around night eating, and the concept of “I need to eat to sleep,” there are 
improvements in QOL, decreased nocturnal ingestions and caloric intake, and 
improvements in BDI-II. CBT appears to be a viable option for treatment, though 
the studies are small and limited. Several case studies have utilized phototherapy as 
potential approaches for NES given the disturbed circadian and melatonin rhythms 
in this group.

Several possible mechanisms for impediment to weight loss in NES have been 
suggested. Conceptually, simply greater energy intake could be occurring in those 
with NES since several studies report caloric differences in the range of 300–
600 kcal. Patients with NES report insomnia and increased nocturnal awakenings 
suggesting a possible contribution of a disturbed circadian rhythm. There is a 
decrease in sleep duration and efficiency and an increase in sleep latency in those 
with NES. Sleep disturbance may affect behavior, hunger/appetite, increased oppor-
tunity to eat, or daytime physical activity by a variety of mechanisms. The degree of 
sleep disruption is worsened by the co-existence of depression.

There is an association between moderate depression with an evening pattern of 
worsening, assessed utilizing the BDI. Major depression has been typically excluded 
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from studies of NES, so a full picture of depression may not be known. Additional 
psychiatric disorders such as schizophrenia and bulimia have been reported to be 
associated with NES. NES has been associated with stress and anxiety. Progressive 
muscle relaxation has been used as a therapeutic approach and resulted in decreased 
night-eating episodes, better breakfast eating/morning hunger, and decrease in self-
reported stress and anxiety.

Disturbances in cortisol, melatonin, and serotoninergic rhythms have been sug-
gested to play a role in NES. Alteration in circadian rhythm resulting in late-night 
eating and a phase delay of 1.5 h has been reported in those with NES, but it is 
unclear if this is causally related. Chrono-disruption or the uncoupling of normal 
biological rhythms and its circadian-regulated behaviors, such as eating and sleep-
ing, has been shown to negatively impact metabolic regulation and weight, perhaps 
through increase in inflammation at the level of the hypothalamus. Time of feeding 
synchronizes circadian rhythms, and whether resetting of these rhythms may be a 
potential treatment for NES is unknown.

Studies in both humans and mice that uncouple these rhythms, by altering caloric 
intake, timing and delaying sleep, result in weight gain, increased inflammation and 
metabolic abnormalities. The metabolic abnormalities include insulin resistance 
and alterations of lipid and glucose metabolism, cortisol rhythms, and leptin and 
melatonin secretion. Obesity itself may alter this rhythm as suggested by studies of 
mice fed a high-fat diet. Under this condition, there is altered circadian rhythm gene 
expression peripherally (liver, kidney) and centrally (nucleus tractus solitarius). 
There is also a potential functional effect where the mice are less able to readjust to 
light synchronization (simulated jet lag) after a high-fat diet. Better understanding 
of the cyclical relationships between obesity, altered rhythms, sleep, and mood may 
suggest new treatments.

18.11  Psychological Change with Weight Loss

Weight-loss intervention studies are not typically designed to examine psychologi-
cal change as a primary outcome. In a recent meta-analysis exploring psychological 
impact of behavioral weight-loss interventions, there was improvement in psycho-
logical outcomes (vitality score on QOL, body image, self-esteem, and depressive 
symptoms), sometimes independently of weight loss. Of the four outcomes exam-
ined, improved QOL was the most strongly dependent on the amount of weight lost, 
with a loss of 5% or more being necessary to see this change. Greater improvements 
in QOL were seen with more than 10% weight loss. Interestingly, one study reported 
that postmenopausal women who noted a decline in social functioning after weight 
loss were more likely to regain weight later. This suggests the importance of under-
standing the impact of psychological outcomes on maintenance of weight loss. 
Improved body image scores were closely related to the amount of weight loss, 
though some studies did not find a direct relationship.
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Weight-loss interventions, including surgical, pharmaceutical, and behav-
ioral, lead to improvements in self-esteem and depression. Benefits to self-
esteem are especially seen with behavioral intervention and are related to the 
degree of weight change, whereas, depression is significantly improved by sur-
gical and pharmaceutical interventions and is unrelated to the degree of weight 
change. Another area of exploration is the concept of reciprocal actions, whereby 
a change in behavior begets change in another behavior. Weight loss leads to an 
improved body image, and in turn, the improved body image increases the 
chance of weight loss. Effects of self-acceptance, changing attitudes, improved 
self-esteem, and efficacy via a behavioral intervention focus may benefit an 
individual in addition to, or even without, weight loss and may be critical for 
long-term success. Increased social support and self-acceptance as an integral 
part of an intervention improve psychological well-being. The psychological 
support and the educational components including self-acceptance and promo-
tion of health behaviors may lead to integration of these cognitive constructs 
and support persistence of these changes. Clearly, more research is needed to 
understand and improve psychological health and sustainability of healthy 
self-concepts.

In an effort to gain understanding of long-term psychological adaptation, struc-
tured interviews of individuals who had undergone bariatric surgery more than 
5 years prior were performed. Many patients voiced the challenge of managing a 
totally transformed physical self while retaining the same relationships and envi-
ronment. Perceiving this altered-self (often occurring rapidly) created psychologi-
cal tension as individuals sought to redefine and reintegrate into the world. For 
many, the significant weight loss attracted attention to the body both externally and 
internally. Internally, many noted an increase in focus on the physical body, how 
one moves in space (still retaining habits of the larger body), awareness of the 
former body with the excess skin, and feelings of alienation. Additionally, for some 
as they became smaller, they felt more anxious and struggled with new feelings, 
realizing that the previous body had offered a sense of protection that they were 
now without.

The external awareness and response of others to their new body was often 
painful, with an increased sense of vulnerability, especially with the realization 
of differential treatment regarding appearance and body shape in relationships. 
Many individuals were able to increase physical function. They expressed feel-
ings of emancipation and independence, finding a new ability to participate in 
activities in which they had not prior. Despite this joy, there was always the fear 
of regaining weight. Most experienced the initial restriction and structure 
around eating as positive to their sense of control. Later, there was a desire to 
have food be a more  meaningful experience, being able to relax and enjoy it, 
and developing a sense of loss and emptiness around the food experience. 
Relapse and loss of control was typically associated with coping with emotional 
distress or lack of energy. Fear of weight regain was strong and related to shame 
and feelings of failure.
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18.12  Treatment Approaches of Overweight or Obesity 
in the Context of the Psychological Need

The standard cognitive behavioral approach is to alter the context in which a behav-
ior occurs with a goal to replace the maladaptive behavior with a healthier one. 
Typically, CBT is focused on using goal setting, self-monitoring to set calorie and 
weight targets, physical activity regimens, stimulus control, and skills-based ther-
apy to develop well-trained daily habits. Variations of behavioral approaches have 
been emerging, including acceptance and commitment therapy (ACT) and 
mindfulness.

Individuals struggling with weight management are often caught between the 
chronic drive/desire to eat certain foods and the opposing desire of their own goals 
of a healthier lifestyle (being active, making healthy food choices, going to sleep, 
etc.). ACT is a therapeutic framework that focuses on developing psychological 
flexibility by promoting acceptance and tolerance of uncomfortable emotional feel-
ings rather than avoiding them. The utilization of mindfulness techniques leads to 
an increased awareness of the self and one’s thoughts without judgment. Additionally, 
this approach focuses on identifying one’s values and committing to actions consis-
tent with them. Often humans have several incompatible goals, clearly seen in 
behavior related to choices regarding being active and types of food. The struggle 
between short-term pleasure-seeking (hedonic) versus long-term health decisions is 
common. Much of human behavior is automatic or habitual and is often in conflict 
with long-term goals. This behavior can be easily triggered by environmental cues 
such as the sight or smell of certain foods and eating-associated activities such as 
watching TV or browsing the Internet. One is often not even aware of having made 
this choice, with immediate pleasure/comfort or habit being the determining factor. 
Increased awareness or “mindfulness” then becomes critical in governing behav-
ioral choice. This in turn leads to behavior more consistent with our long-term 
goals/healthier choices. Mindfulness of being hungry or full can help with the deci-
sion-making around eating behavior. Perceptions of “hunger” can be complicated, 
with some persons experiencing this in response to cues/cravings for hedonic 
activities.

Individuals vary in their ability to tolerate negative internal experiences (sadness, 
anxiety, troubling thoughts, urges) and often try to extinguish them. This avoidance 
or repression can increase the distress level over time and lead to the development 
of maladaptive behaviors and potentially negative health outcomes. In the simplest 
example, a person participating in a weight-loss intervention who refrains from 
hedonically motivated eating may experience strong urges, feelings of deprivation, 
increased thoughts about food, and uncomfortable cravings. Women who are able to 
overcome urges to eat have greater weight loss at the end of 1 year than those who 
cannot overcome the urges. Similarly, those who experience negative feelings or 
sensations with physical activity (pain, sweating, boredom, anxiety, fatigue) are less 
likely to engage in physical activity goals than those who do not have the negative 
feelings. Limited tolerance for negative affect and the use of eating for emotional 
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regulation is associated with regain and lapses in weight-control programs. It is 
early in the use of this methodology, and time is needed to prove long-term effec-
tiveness but early work is promising.

An additional concept of behavioral change is the idea that taking action on one 
behavior increases the odds of changing another behavior. Implementation of one 
behavior increases the likelihood of a change in a second behavior, regardless of 
different populations or behaviors being implemented. The mechanisms for the 
change in a second behavior include: transfer effects of the learning process over to 
the new behavior(s); increased self-efficacy; habituation of one behavior, which 
allowed cognizance and change of other; a new found awareness of the other behav-
iors; and awareness and reduction of barriers to achieve the second behavior.

18.13  Conclusion

A comprehensive, biopsychosocial approach to treating the individual with obesity 
is warranted. The dynamic interface between physiological and psychological states 
may affect the response to the treatment of obesity. The clinician should understand 
that given the multifaceted, cyclical aspects of obesity, treating many components at 
the same time may be necessary to effect sustainable change. Recognition of con-
textual factors impacting a given individual, such as stigma, shame, pain, mood, 
coping, comorbid condition(s), and fear, increases trust in the physician-patient 
partnership and optimizes effectiveness.
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Chapter 19
Medical Nutrition Therapy  
for Weight Management

Scott D. Isaacs

Pearls of Wisdom
• Nutrition and lifestyle changes are the backbone of weight management. 

The United States Preventive Services Task Force, in its 2014 recommen-
dations, recommends referral for counseling by qualified healthcare pro-
fessionals for all patients with overweight or obesity.

• A team approach to patient care should be used for the treatment of over-
weight, obesity, and adiposopathy. Qualified healthcare professionals must 
work closely with patients to implement and maintain a meal plan that fits 
their needs, capabilities, and motivation.

• Successful medical nutrition therapy must be individualized to meet spe-
cific patient energy-deficit requirements with consideration of medical, 
cultural, educational, religious, economic, and social needs.

• A healthy meal plan contains vegetables, fruits, low-glycemic carbohy-
drates, healthy proteins, and healthy fats.

• Medical nutrition therapy should be targeted to help each patient achieve 
realistic, achievable, sustainable, and incremental changes. Healthy eating 
and daily physical activity translate into weight loss, which in turn pre-
vents weight gain or regain over the long term.

S. D. Isaacs  
Atlanta Endocrine Associates, Atlanta, GA, USA
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19.1  Introduction

Overconsumption of calories from any macronutrient source, combined with aber-
rations in energy expenditure, is the primary contributing factor in the development 
and preservation of overweight and obesity. Multiple clinical practice guidelines 
emphasize medical nutrition therapy (MNT), physical activity, and behavior modi-
fication as necessary components of all obesity management approaches. From the 
most basic perspective, medical nutrition therapy is the avoidance of excessive calo-
ries from food and beverages that can have a negative impact on health. A healthy 
eating plan includes adequate quantities of macro- and micronutrients to provide an 
energy deficit and prevent nutritional deficiencies. Healthy eating must be sustained 
over a long period of time. The most effective and complete approach to MNT 
includes a healthy eating plan and lifestyle modification.

Few individuals meet national guidelines for healthy eating. The recommenda-
tion to consume a minimum of five fruits and/or vegetables daily is achieved by only 
16–23% of people. Large portion sizes, restaurant meal consumption (especially 
fast foods), and drinking sugar-added beverages, all increase calorie intake and are 
associated with overweight, obesity, and adiposopathy. Many individuals choose 
popular fad diets with little or no scientific basis. Adherence to fad diets is often 
short lived, and these diets may be unhealthy. Sustained changes in eating patterns, 
meal plans, and choice of foods are more effective than a temporary restriction in 
calories. Instead of using the term “diet,” instruct patients on meal planning and 
healthy eating patterns. The term “diet” implies restriction and deprivation whereas 
“healthy meal planning” is positive and empowering and emphasizes the signifi-
cance of lifestyle change to produce improvements in health (See Table 19.1).

19.2  Fundamentals for Successful MNT

MNT should focus on decreasing fat mass and correcting adiposopathy. To be suc-
cessful, MNT must be individualized for specific patient energy deficit require-
ments. Meal plans should be personalized to accommodate each patient’s medical, 
cultural, educational, religious, economic, and social needs. Factors such as taste 
preference, attitudes, intentions, and knowledge should also be considered. Patients 
should be encouraged to maintain a healthy eating plan while adopting new behav-
iors to enforce a long-term lifestyle change. When possible, patients should involve 
their families in healthy eating behaviors, especially children.

There is no single type of medical nutrition therapy that will be an effective strat-
egy for all patients. Therefore, in order to achieve success, macronutrient content 
and specific meal plan advice should be individualized to meet the specific needs of 
each patient. The literature has many articles comparing success rates of various 
meal plans and the importance of acquiring new skills and behaviors to implement 
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and maintain permanent lifestyle change. Several randomized trials have evaluated 
weight loss in subjects on meal plans with varying percentages of carbohydrates, 
proteins, and fat. Weight loss is similar for all meal plans, as well as ratings of sati-
ety, hunger, and satisfaction with the meal plan.

Meal plans with the greatest likelihood of adherence have the greatest likeli-
hood of success. For most patients, a meal plan that contains vegetables, fruits 
and low- glycemic carbohydrates, lean protein, and beneficial fats has the great-
est likelihood of long-term adherence. In addition to a healthy eating meal 
plan, MNT should include strategies to reduce overeating, binge eating, and 

Table 19.1 Low-calorie meal plan

Calories:
  1000–1500 kcal/day for women
  1200–1600 kcal/day for men
  500–1000 kcal/day energy deficit
  Low energy-dense foods
  Standard meal times with healthy low-calorie snacks
  Behavior/lifestyle modification
Carbohydrates:
  45–65% of calories
  25–35 g of fiber daily
  4.5–5 cups daily minimum vegetable and fruit intake
  High-fiber whole grains
  Limit simple carbohydrates (sugars and starches)
  Carbohydrates in beverages (soda, juice, sweet tea, and sports drinks) should be replaced with 

water and low-calorie beverages
  Reduced-fat dairy products such as yogurt and cottage cheese (carbohydrates and protein)
Proteins:
  15–35% of calories
  Plant proteins (beans, lentils, some nuts, broccoli, kale, and spinach)
  Seafood, especially cold-water fatty fish
  Reduced-fat dairy products
  Reduced fat cheese (part-skim mozzarella, some goat cheeses, string cheese, and some soft cheeses)
  Eggs
  Lean or very lean cuts of animal protein, including skinless poultry
  <6 ounces per day of animal protein
Fats:
  25–35% of calories
  Vegetable oils, seeds, avocados, olives, nuts, seeds, and seafood (MUFAs and PUFAs)
  2 servings of cold-water fatty fish weekly (omega-3 fatty acids)
  <7% of daily calories from saturated fats (butter and animal fats)
  <1% of total calories from trans fats

Abbreviations: kcal kilocalories, MUFAs monounsaturated fatty acids, PUFAs polyunsaturated 
fatty acids
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nonhunger eating (such as stress eating or eating due to boredom). MNT must 
be accompanied by adequate physical activity and adequate sleep. Patients 
should also be counseled to allow adequate time for recreation and relaxation 
for stress reduction and happiness.

A weight-maintenance program should be instituted immediately after suc-
cessful weight loss to prevent weight regain. The program should consist of ongo-
ing MNT, physical activity, lifestyle management, and pharmacotherapy when 
appropriate. Although losing weight is comparatively easy, the maintenance of 
weight loss is more difficult, especially if the patient is not adequately prepared 
to permanently adopt a new lifestyle. In a review of the literature, it was found 
that 80–95% of patients who lose weight with nutritional changes will regain it 
back within a few years. Multiple biological systems are activated when energy 
intake is reduced, increasing appetite and driving people to eat more caloric-
dense foods. The challenge of MNT is to find ways to maintain energy balance 
despite these powerful biological mechanisms. At present time, interventions are 
limited and do not permanently correct the factors that prevent weight loss or lead 
to weight regain.

19.3  Setting Goals Based on Risk

Patients often have unrealistic weight loss goals. Counseling patients about attain-
able weight loss and food intake goals should focus on reducing excess fat mass and 
correcting adiposopathy more than actual body weight. Patients should be informed 
about the benefits of moderate initial weight loss in the range of 5–10% of body 
weight. Weight loss in this range can produce meaningful improvements in diabe-
tes, dyslipidemia, obstructive sleep apnea, nonalcoholic fatty liver disease, and 
other comorbidities. Risks are further reduced with greater weight loss.

Healthy eating patterns and lifestyle change result in a 35% reduction in cardio-
vascular events and a 40% reduction in all-cause mortality over a 6-year period. 
Additionally, significant improvements in risk factors are achieved with 2–5% 
weight loss. A 5–10% weight loss leads to increased reductions in risk factors, and 
further reductions are achieved with 10–15% weight loss.

19.4  Low-Calorie Meal Plans

A low-calorie meal plan provides 1000–1500  kcal/day for women and 1200–
1600 kcal/day for men, to allow for weight loss of 1–2 pounds per week and 5–10% 
weight loss within 6 months. Energy balance should be determined by measuring 
(using indirect calorimetry) or calculating energy requirements. A meal plan that 
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contains a 500–1000 kcal/day energy deficit should be provided to the patient. A sim-
ple equation for estimating resting metabolic rate is 8 calories per pound for women 
and 10 calories per pound for men. A more precise method uses body weight, age, and 
height to estimate resting metabolic rate for patients with overweight and obesity:

• Men: 10 × weight (kg) + 6.25 × height (cm) − 5 × age (years) + 5
• Women: 10 × weight (kg) + 6.25 × height (cm) − 5 × age (years) − 161

The resting metabolic rate should be adjusted to total daily expenditure by using 
a multiplier of 1.2 for sedentary, 1.4 for low-to-moderate activity, and 1.6 for active 
individuals. Energy requirements decrease as an individual loses weight and should 
therefore be recalculated and the meal plan modified periodically to maintain a 
negative energy balance.

Low-calorie meal plans are relatively contraindicated in those with unstable psy-
chiatric illness, eating disorders, substance abuse, pregnancy, or who are lactating. 
Patients with medical conditions that could be exacerbated with caloric restriction 
(unstable angina, recent cerebrovascular event, active malignancy) are not candi-
dates for low-calorie meal plans. Potential side effects of low-calorie meal plans 
include hypotension, constipation, poor wound healing, hair shedding, cold intoler-
ance, gallbladder disease, loss of muscle mass, depression, and irritability.

19.4.1  Beverages

Low-calorie meal plans can result in a mild diuresis. Patients may experience symp-
toms such as increased urination, lightheadedness, or dehydration. Patients should be 
encouraged to consume 2 L of water or low-calorie beverages daily, which replen-
ishes fluids and maintains lipolysis. Artificial sweeteners should be limited or 
avoided. Caffeinated beverages should be limited to four cups daily. Consumption of 
water and low-calorie beverages was considered to be very important for weight loss 
by 40% of participants in the National Weight Control Registry. Warm beverages can 
stimulate the hypothalamus to decrease appetite more than cold beverages.

19.4.2  Alcohol

Small amounts of alcohol, especially red wine, have been shown to decrease the risk 
for a number of diseases. However, alcoholic beverages should be minimized or 
avoided within a low-calorie meal plan. Alcohol should be limited to two servings 
per day for men and one serving per day for women. Alcohol consumption results 
in the intake of extra calories. Drinking alcohol has been shown to increase hunger, 
decrease fullness, and increase total food intake primarily from energy-dense foods.

19 Medical Nutrition Therapy for Weight Management
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19.5  Very Low-Calorie Meal Plans

Very low-calorie (VLC) meal plans are indicated for patients with BMI >30 kg/m2 
who have significant comorbidities or who have not been successful achieving 
weight loss with other nutritional therapies. A VLC meal plan can be an effective 
short-term intervention (a few weeks to a few months) for motivated patients with 
severe obesity. VLC meal plans typically use meal replacement shakes and other 
foods and have a caloric intake of 500–800 kcal/day combined with medical moni-
toring along with intensive lifestyle coaching and education. In order to meet nutri-
tional guidelines, it is essential to prescribe a VLC meal plan with careful food or 
meal replacement choices, adequate hydration, and vitamin and mineral supple-
ments. Potassium supplementation may also be necessary in certain patients.

A VLC meal plan should begin with an informational session to select 
appropriate patients and to inform and educate about the expectations of the 
plan. Careful patient selection for VLC meal plans is important because weight 
regain and attrition rates have been found to be higher for patients on this 
meal  plan.

VLC meal plans can produce rapid weight loss of 3–5 pounds per week and up 
to 45 pounds in 16 weeks. Patients treated with VLC meal plans achieve a mean 
weight loss of 21% at 24 weeks, or 52 pounds.

Side effects of VLC meal plans are generally minor and include lightheadedness, 
dizziness, headache, fatigue, cold intolerance, hair loss, nausea, muscle cramps, 
constipation, and diarrhea. More serious side effects include volume depletion, 
hypokalemia, and hyponatremia.

Gallstones, sometimes requiring surgery, occur in 10–25% of patients on VLC 
meal plans, although the risk for gallstones is already double to triple in persons 
120% of their ideal body weight. Meal plans that are very low in fat and calories can 
result in the mobilization of cholesterol stores, slow down regulation of bile acid 
secretion, create bile that is supersaturated with cholesterol, and cause decreased 
gallbladder contraction. These conditions lead to biliary sludge and stone forma-
tion. Ursodeoxycholic acid 300 mg twice daily can be used for the prevention of 
gallstones during a low-calorie or VLC meal plan.

Serious ventricular arrhythmias have been described in patients on nutritionally 
inadequate liquid protein meals. However, there is no increase in the incidence of 
arrhythmias when high-quality meal replacements are used.

Contraindications to a VLC meal plan include pregnancy, active eating disorder, 
active substance abuse, or serious medical illness. Many medications including 
insulin, oral hypoglycemic agents, diuretics, warfarin, digoxin, antiseizure medica-
tions, and beta-blockers require dose adjustment during a VLC meal plan. VLC 
meal plans require medical monitoring for complications including volume deple-
tion, hepatic transaminase elevation, electrolyte abnormalities, QT prolongation, 
and gallstone formation. Commercially available VLC meal plans include:

• Optifast
• Medifast
• Health Management Resources (HMR)

S. D. Isaacs



367

19.6  Meal Replacements

Meal replacements are portion-controlled servings of foods that are useful in the 
setting of a VLC meal plan and for people who have difficulty with self-selection or 
portion control. Commercially available meal replacements such as shakes, cereals, 
puddings, soups, bars, and entrees provide calorie- and portion-controlled replace-
ments for higher calorie meals and snacks.

Meal replacements have a calming effect on appetite centers in the brain while 
lowering hunger and cravings, as assessed with functional magnetic resonance 
imaging (MRI). Meal replacements can produce initial greater weight loss, and 
greater total weight loss, compared to other meal plans. Meal replacements have 
also been found to enhance long-term maintenance of weight loss.

A study evaluating weight loss shakes compared nutritionally identical protein 
shakes that varied in viscosity. Subjects who drank thicker shakes reported decreased 
hunger and increased satiety compared to those who drank thinner shakes. The sub-
jects who drank thicker shakes consumed fewer calories than those who drank the 
thinner shakes.

19.7  Micronutrient Supplementation During MNT

There is insufficient evidence to recommend supplemental vitamin intake above rec-
ommended dietary allowances in otherwise healthy patients. However, overt vitamin 
deficiencies may pre-exist in patients who consume meals poor in nutritional value. 
Meal plans should contain adequate nutrients from healthy foods so that vitamin and 
mineral supplementation is usually not necessary. Natural compounds in foods work 
individually or in combination to provide health benefits superior to dietary supple-
ments or nutraceuticals. No supplement trial in healthy patients has been shown to 
reproduce the benefits of eating adequate amounts of healthy foods.

A large number of antioxidant and potentially anticarcinogenic phytochemicals 
are found in vegetables, fruits, whole grains, nuts, seeds, and fish including flavo-
noids, phenols, protease inhibitors, sterols, allium compounds, and limonene. These 
compounds are thought to play a role in the prevention of disease by detoxifying 
carcinogens in the blood, activating protective enzymes in the body and repairing 
and preventing cell damage that can lead to disease. Foods especially high in phyto-
nutrients include whole grains, nuts, legumes, fruits (especially berries), and cruci-
ferous vegetables.

Antioxidants are compounds that protect the body against cell damage from 
unstable molecules known as free radicals, which have been linked to both cancer 
and cardiovascular disease. Examples of antioxidants are lycopene; beta-carotene; 
carotenoids; and vitamins A, C, and E. Foods high in antioxidants include tomatoes 
(lycopene), berries (vitamin C, ellagic acid, anthocyanin), carrots (beta-carotene), 
spinach (carotenoids, lutein, and zeaxanthin) and other dark leafy vegetables, whole 
grains, flax, and sesame seeds (ligans, saponins).

19 Medical Nutrition Therapy for Weight Management



368

Specific vitamin deficiencies should be screened for based on history and clinical 
findings. For example, elderly adults, patients who follow a vegetarian or vegan 
meal plan, and patients treated with metformin should be screened for vitamin B12 
deficiency. Except in malabsorptive states, neurological symptoms, or pernicious 
anemia, vitamin B12 can be given as oral crystalline cobalamin 1000 mg per day. 
Patients at risk for vitamin D insufficiency include those with obesity, insufficient 
sunlight exposure, postmenopausal women, the elderly, and people with increased 
skin pigmentation. These patients should increase vitamin D intake from fortified 
foods and/or vitamin D supplements to at least 1000 IU per day. Vitamin D content 
in most foods is very low, with the exception of fatty fish and fortified foods.

Patients who consume meal replacements, or who have food restrictions, may 
require vitamin supplementation with a daily multivitamin. This is especially so if 
meal replacements are being used as exclusive nutrition in a VLC meal plan. Patients 
with malabsorption or who have undergone bariatric surgery (especially Roux-en-Y 
gastric bypass which is a malabsorptive procedure) are at especially high risk for 
vitamin deficiencies despite daily multivitamin supplementation.

19.8  Maintaining Energy Deficit

Regardless of the differences in macronutrient content of various meal plans, the 
overriding factor that leads to weight loss is a deficit in calories. Energy expenditure 
must exceed energy intake for weight loss to occur. Long-term adherence to the 
meal plan is vital. An effective healthy eating plan should be palatable, satiating, 
and sustainable.

Reduced-calorie meal plans should emphasize the satiation of appetite. Patients 
who follow overly restrictive meal plans may experience short-term weight loss but 
tend to have excessive hunger and feelings of deprivation, which can lead to devia-
tions from the meal plan, or binge eating episodes. This leads to feelings of guilt and 
self-blame and can be viewed by both patient and physician as a “lack of willpower.”

Patients should be instructed to consume three meals per day with healthy low- 
calorie snacks at variable times of the day if needed. It is recommended that total 
energy intake should be distributed evenly throughout the day, with greater caloric 
intake during the day, compared to overconsumption and grazing at night. 
Counseling patients to change eating patterns is a good way to get patients to start 
adopting healthy lifestyle behaviors. For example, if a patient usually does not eat 
breakfast, doing so can be an easy first step.

Appetite is affected by the taste, texture, volume, water content, and macronutri-
ent composition of food as well as the palatability, texture, and whole food compo-
nents. Consumption of foods with low energy density (vegetables, fruits, whole 
grains, reduced-fat dairy, low-fat proteins) decreases overall calorie intake and aids 
in losing and maintaining weight. Instruct patients to lower the energy density of 
meals by increasing the number of low-calorie high-volume foods and decreasing 
the number of high-calorie low-volume foods. This improves the ability to control 
hunger, which improves adherence to the meal plan. Lowering the energy density of 
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meals compared to a prescribed low-fat meal plan results in more rapid weight loss 
at 6 months and greater weight loss at 12 months.

The texture of foods can have variable effects on appetite and satiety. Liquid 
(apple juice) has the weakest effect on appetite, while solid (apple) and semi-solid 
(applesauce) have the strongest effect. Both texture and taste affect energy con-
sumption. People eat more food when it is both mashed and more savory.

19.9  Macronutrients

Macronutrients include carbohydrates, protein, and fat. When determining a meal 
plan, macronutrient quantity and quality should be considered. For example, empha-
size starch or fiber over sugar, or unsaturated fats over saturated fats.

19.9.1  Carbohydrates

Carbohydrates should provide 45–65% of calories in a healthy eating meal plan. Healthy 
carbohydrates are high in both soluble and insoluble fibers, stanols, sterols, bioavailable 
micronutrients, and low in caloric density. Whole vegetables and fruits, whole grains, 
and low-fat dairy products are preferred over simple carbohydrates (sugars and starches) 
with a high glycemic effect. However, there is insufficient evidence to recommend a 
“low-glycemic” meal plan over other healthy meal plans. A typical patient should con-
sume 6–8 servings of carbohydrates (90–120 g) per day with 3–4 servings coming from 
high-fiber foods such as vegetables, fruits, and whole grains.

Refined grains should be replaced with whole grains, which adds fiber and 
micronutrients. Added sugars should be limited to <100 kcal per day for women 
and <150 kcal per day for men. Carbohydrates in beverages such as soda, juice, 
sweet tea, and sports drinks should be replaced with water and low-calorie 
beverages.

Vegetable and fruit intake should be a minimum of 4.5–5 cups (2.5–3 cups of 
vegetables and 1.5–2 cups of fruit) daily for weight loss, prevention of chronic dis-
eases, and health promotion. Fruits and vegetables can be frozen, canned (without 
added sugar), or fresh to allow flexibility.

Increased consumption of vegetables and fruits is recommended because these 
foods are low in calories, high in fiber and phytonutrients, and help with calorie 
control. There are a number of articles linking increased consumption of vegetables 
and fruits to a variety of health benefits. Vegetable and fruit consumption, especially 
cruciferous vegetables (cabbage, brussels sprouts, broccoli, cauliflower), green veg-
etables, citrus fruits, and other fruits and vegetables rich in vitamin C, has been 
associated with a decrease in the risk for coronary heart disease and stroke.

Grains that contain ≥1.1 g of fiber per 10-g serving of carbohydrates are consid-
ered high-fiber whole grains. The United States Department of Agriculture (USDA) 
recommends 5–8 ounces of grains daily, with at least half coming from whole grains.
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Reduced-fat dairy products such as yogurt and cottage cheese are composed of both 
carbohydrates and high-quality protein. Patients should be counseled to replace high-
fat dairy products with reduced-fat versions, although some reduced-fat yogurt prod-
ucts contain added sugar and may not be lower in calories than the full-fat variety.

19.9.2  Fiber

Fiber is a vital component of healthy nutrition and may play a role in disease preven-
tion. Patients should consume 25–35 g of fiber per day coming from healthy foods 
rather than from supplements. Vegetables, fruits, legumes, and whole grains are 
superb sources of fiber but can vary in fiber composition  (soluble vs. insoluble).

Soluble fiber, or viscous fiber including beta-glucan and pectin, lowers choles-
terol levels by decreasing endogenous cholesterol production and increasing bile 
acid secretion. Sources of soluble fiber include beans, fruits, vegetables, and some 
grains (oats and barley). Insoluble fiber is contained in the roughage of vegetables or 
in the hull of grain and helps create a large well-formed easily passed stool. The more 
rapid transit is through the intestine, the lower the absorption of calories and nutri-
ents. Fiber may also enhance satiety by delaying gastric emptying. Sources of insol-
uble fiber include whole grains (whole wheat bran) and some fruits and vegetables.

19.9.3  Proteins

Protein should comprise 15–35% of total calorie consumption as part of a healthy 
meal plan. Plant proteins such as those in beans, lentils, some nuts, broccoli, kale 
and spinach, and fish should be emphasized as important sources of protein 
because they are low in fat and contain soluble fiber and micronutrients. Animal 
protein, which contains saturated fat, should not exceed 6 ounces per day. 
Processed red meat should be limited to two servings per week. Lean or very lean 
cuts of animal protein should be chosen to help reduce saturated fat intake. 
Reduced-fat dairy products, eggs, fish, and skinless poultry are recommended as 
healthy sources of animal protein. Preferred types of cheeses include cottage 
cheese, part-skim mozzarella cheese, some goat cheeses, string cheese, and some 
soft cheeses.

19.9.4  Fats

Patients should consume 25–35% daily calories as healthy fats. The healthiest fats 
are mono- and polyunsaturated fats from liquid vegetable oils, seeds, nuts, and fish. 
Saturated fats such as butter and animal fats should be limited to <7% of daily 
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calories. Trans fats should be avoided or reduced to <1% of total calories. Because 
fat is high in calories, reducing fat intake is associated with weight reduction. 
However, decreasing fat consumption can result in increased intake of carbohy-
drates and calories, often from added sugars or other refined sources. Patients should 
be counseled on ways to avoid this from happening.

Natural foods high in monounsaturated fats such as avocado, nuts (walnuts, maca-
damia nuts, and almonds), seeds, olives, and vegetable oils are recommended because 
they have been associated with improved health outcomes. These foods also contain 
phytonutrients such as polyphenols, which may confer added benefits. Liquid vegeta-
ble oils such as corn, soybean, sunflower, and safflower are high in linoleic acid, an 
essential omega-6 fatty acid. Canola and flaxseed oils contain the omega-3 fatty acid 
alpha-linoleic acid (ALA). Olive oil is high in monounsaturated fatty acids (MUFA).

Patients should consume a minimum of two servings of cold-water fatty fish 
(salmon or mackerel) weekly because they contain omega-three fatty acids. 
Omega-3 fatty acids are polyunsaturated fatty acids (PUFAs) derived from both 
animal and plant sources. Eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA)  are omega-3 fatty acids that come from marine sources and have been 
shown to reduce the risk of cardiovascular disease.

19.10  Considerations for Patients with Comorbid Diseases

Optimal patient care in the management of chronic endocrine and metabolic dis-
eases requires patient engagement and involvement of appropriate support mecha-
nisms. Education is essential, and a team approach to patient care, directed by the 
clinical endocrinologist, is the optimal way to accomplish this goal. Registered 
nurses, registered dieticians, certified diabetes educators, physical activity coaches, 
and appropriate specialists each contribute to the care of these patients. Individual 
practices may vary on the personnel within the organization, but a referral network 
should be in place to assist in the care of these patients. Following are nutritional 
recommendations for selected endocrine and metabolic diseases.

19.10.1  Diabetes Mellitus

MNT should be prescribed to control blood glucose response to meals and normalize 
A1C levels. Forty-five percent to 65% of total calories should be carbohydrates 
including reduced-fat dairy products, vegetables, and fruits. Patients should consume 
8–10 servings of vegetables and fruits daily and legumes appropriately. Patients with 
diabetes should avoid refined grains and limit simple sugars. Patients with diabetes 
may consume small amounts of artificial sweeteners. Patients with diabetes should 
consume 20–35 g of fiber daily, primarily from whole vegetables, fruits, and unpro-
cessed grains. Patients with diabetes should consume protein at 0.8–1.0 g/kg/day. 

19 Medical Nutrition Therapy for Weight Management



372

Total fat intake should account for 30% of total daily calories with less than 7% of 
total daily calories from saturated fat. Polyunsaturated fatty acids such as vegetable 
oils high in omega-6 polyunsaturated fatty acids (PUFAs), soft margarine, salad 
dressings, mayonnaise, and some nuts and seeds are preferred sources of fat.

Patients on meal-time insulin or short-acting oral hypoglycemic agents (nateglinide, 
repaglinide) must synchronize medication administration and carbohydrate intake. 
Weight loss produces significant improvements in insulin sensitivity and blood glucose 
levels and may result in hypoglycemia if medications are not adjusted. Doses of sulfo-
nylureas (glipizide, glyburide, glimepiride), short-acting oral hypoglycemic agents, 
and insulin may need to be reduced or discontinued as weight loss progresses.

19.10.2  Dyslipidemia

Adiposopathy results in elevated triglycerides and low high-density lipoprotein lev-
els in the blood. The same nutritional interventions that help achieve weight loss 
also improve the lipid profile. A reduced-calorie meal plan consisting of fruits and 
vegetables (combined ≥5 servings/day), grains (primarily whole grains), fish, and 
lean meats is recommended. The intake of saturated fats, trans fats, and cholesterol 
should be limited. LDLC-lowering macronutrient intake should include plant sta-
nols/sterols (~2 g/day) and soluble fiber (10–25 g/day).

The Mediterranean meal pattern incorporates most of these recommendations 
and is defined by seven elements:

• high consumption of legumes
• high consumption of grains and cereals
• high consumption of fruits and vegetables
• low consumption of meat and meat products and increased consumption of fish
• moderate consumption of milk and dairy products
• high-monounsaturated/saturated fat ratio
• low-to-moderate red wine consumption

The Mediterranean meal pattern leads to a drop in total cholesterol (−0.23 mmol/L) 
and LDL-C (−0.07  mmol/L), with variable impact on HDL-C and triglycerides. 
Compared to low-fat meal plans, the Mediterranean pattern produces improvements 
in total cholesterol, triglycerides, and overall cardiovascular risk after 2 years of 
use, with no significant differences in LDL-C or HDL-C.

19.10.3  Chronic Kidney Disease (CKD)

Patients with chronic kidney disease (CKD) should have a meal plan that is low in 
protein, potassium, sodium, and phosphorus. All patients with CKD should receive 
nutrition counseling from a qualified healthcare professional. Sodium intake should 
be limited to 2 g per day. Potassium intake should be limited to 2–3 g per day if 
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hyperkalemia develops. Phosphate intake should be limited to 800 mg per day. In 
stage 1, 2, and 3 CKD, protein intake should be restricted to 12–15% of daily calorie 
intake or 0.8 g of protein per kilogram of body weight each day. In stage 4 CKD, 
protein intake should be further reduced to 10% of daily caloric intake or 0.6 g of 
protein per kilogram per day. For patients with stage 5 CKD or on renal replacement 
therapy, protein intake may be liberalized to 1.2–1.3 g per kilogram per day. Urinary 
protein losses in nephrotic syndrome should be replaced. At least 50% of protein 
intake should be from high biologic value sources to ensure adequate essential 
amino acids.

19.11  Behavioral and Psychological Aspects of MNT

Effective counseling during medical nutrition therapy is essential for patients to 
understand the importance of lifestyle change as an essential part of successful 
long-term weight loss. Motivational interviewing has become an important tool for 
enhancing patient self-management. Motivational interviewing promotes autonomy 
and creates motivation to change by setting self-defined goals. This approach guides 
rather than tells, and allows the patient to be in charge, focusing on strengths rather 
than weaknesses. Motivational interviewing is effective for weight loss by helping 
change underlying behaviors that influence health.

The three main aspects of motivational interviewing are ask, listen, and inform. 
Ask questions that are open-ended and invite the patient to consider how motivated 
they are to make a change. Patients should do the majority of the talking with practi-
tioners listening reflectively and empathetically interjecting strategic and respectful 
reiterations of statements and feelings. This can provide positive feedback and instill 
confidence and optimism. Informing should always be done with permission in a col-
laborative manner. For example, one may ask a patient, “Would it be okay with you if 
we do this?” or “How do you feel about this?” Motivational interviewing should pro-
vide ongoing support and counsel, instead of being paternalistic and educational.

Behavior or lifestyle modification is a key aspect of MNT. Several observational 
and randomized controlled trials have shown that patients treated with behavior 
modification lose approximately 10% of initial weight. Patients must learn to imple-
ment new eating habits to supplant maladaptive behaviors that contributed to the 
development of excess body weight. Behavior modification should be used in 
 conjunction with MNT and physical activity, as well as with pharmacotherapy or 
bariatric surgery. Behavioral modification strategies for MNT include self-monitor-
ing, making specific nutrition goals (such as decreasing specific high-calorie foods), 
increasing physical activity, developing skills to cope, modification of the food 
environment, and enlisting social support.

Behavior modification treatments may be weekly group sessions led by regis-
tered dieticians, behavioral psychologists, or health educators. Most behavioral 
modification counseling should be delivered over the initial 16–26  weeks of 
MNT. Each session should include a structured curriculum beginning with a review 
of food and activity data. The health educator helps patients identify maladaptive 
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eating behaviors, develop strategies to cope with identified problems, and adhere to 
a healthy meal plan. Maintaining food records as well as weekly homework assign-
ments are important components of behavioral modification. Electronically deliv-
ered (telephone or Internet) behavior modification messages, which include 
personalized feedback, can be offered when face-to-face interventions are not 
possible.

Group behavioral modification treatment has been found to significantly result in 
weight loss, compared to individual treatment. Group treatment is cost-effective and 
allows for social support, comradery, healthy competition, and empathy. Selected 
individuals, especially those with mental or physical health concerns or those with 
a strong preference, are candidates for individualized therapy.

19.12  Self-monitoring and Using Technology

Food and activity logs, and other forms of self-monitoring, are effective tools to 
achieve weight loss. Self-monitoring requires recording all food and calories con-
sumed in addition to related aspects of eating behavior, such as emotions, places, and 
times. Self-monitoring helps patients implement lifestyle modification as well as 
increasing accountability, self-awareness, and adherence. Self-monitoring helps 
patients identify and develop behavioral modification strategies to address maladap-
tive eating behaviors that may be induced by various environmental stimuli. 
Traditional food diaries have been largely replaced by electronic applications which 
can track calories consumed and energy expenditure and provide ongoing feedback.

Patients should be encouraged to weigh themselves at least three times per week. 
Frequent weighing improves weight loss, compared to subjects who weigh them-
selves infrequently.

19.13  Conclusion

MNT is the foundation for weight management. MNT is used in conjunction 
with physical activity, lifestyle improvements, and behavior modification. MNT 
should always be included when pharmacotherapy and/or bariatric surgery is used. 
A  personalized low-calorie meal plan should provide appropriate quantities of 
macronutrients for an energy deficit of 500–1000 kcal daily, which will allow for 
weight loss of 1–2 pounds per week and 5–10% weight loss within 6  months. 
Essential micronutrients should be provided by nutritious foods that can be enjoyed 
within a healthy low-calorie meal plan. A VLC meal plan can be effective for 
highly motivated patients with severe obesity or for those who have not been suc-
cessful with low- calorie meal plans. Meal replacements can be useful for VLC 
meal plans and for people who have difficulty with self-selection or portion 
control.
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MNT must address a patient’s food preferences, attitudes, intentions, and knowl-
edge. MNT should also address medical, cultural, educational, religious, and social 
variables. Patients should be encouraged to adopt new behaviors to enforce long- term 
lifestyle change. Motivational interviewing is an important tool for patient self-man-
agement, by supporting autonomy and building motivation to change through self-
defined goal-setting. Behavior modification should be used in conjunction with 
MNT. Group behavior modification treatment is more effective than individual treat-
ment. Self-monitoring such as food and activity record keeping, and frequent weigh-
ing, should be employed to increase self-awareness and help motivate patients.
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Chapter 20
Physical Activity for Weight Management

Scott D. Isaacs

20.1  Introduction

Physical activity supports weight loss by enhancing the ability to achieve a negative 
energy balance through increased energy expenditure. There is an inverse correla-
tion between physical activity and body weight. Although decreasing energy intake 
is more effective for weight loss, physical activity remains a significant element of 

Pearls of Wisdom
• Habitual physical activity enhances the ability to achieve and maintain a 

lower body weight and has a demonstrated positive effect on promoting 
physical and mental health.

• Provide a physical activity prescription detailing the frequency, duration, 
intensity, and specific types of physical activity. The prescription should 
take into account the patient’s mobility, cardiovascular conditioning, pres-
ence of diabetes, and/or other medical conditions.

• Adults should perform ≥150 min of moderate-intensity or ≥  75 min of 
vigorous-intensity (or an equivalent combination) aerobic physical activity 
weekly. Include resistance activities ≥2 times per week.

• Initiate a physical activity with lower intensity and duration, with gradual 
progression to moderate- and higher-intensity physical activity as physical 
fitness improves.

• Use behavior modification strategies to accumulate increased nonexercise 
physical activity into daily activities in the home and workplace.
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energy expenditure and is fundamental to energy balance and weight management. 
There are several potential mechanisms for physical activity to facilitate weight loss 
and maintenance in addition to increased caloric expenditure including increased 
metabolic rate, increased lean body mass, and psychological factors.

Physical inactivity is the fourth leading risk factor for mortality worldwide and 
is responsible for 6% of deaths globally. Rates of physical inactivity are increasing 
in many countries. Sitting at work and too much screen time are major causes of 
inactivity. Physical inactivity is estimated to be responsible for 30% of ischemic 
heart disease, 27% of diabetes, and 21–25% of breast and colon cancers.

“Physical activity” and “exercise” are terms that define different concepts, 
although they are often used interchangeably. Physical activity is defined as any 
bodily movement produced by skeletal muscles that requires energy expenditure. 
Exercise is a subset of physical activity and is defined as “bodily exertion for the 
sake of developing and maintaining physical fitness.” Exercise is typically struc-
tured, planned, and repetitive and has an objective of improving or maintaining 
physical fitness. Physical activity includes planned exercise as well as willful leisure 
time activities, compulsory occupational and household tasks in the context of 
everyday family, and community activities. Physical activity can be integrated into 
daily activities of living and through active travel such as walking or bicycling.

The term “physical activity” is preferred over the term “exercise” because physi-
cal activity encompasses a broader range of activities that can be performed for 
weight loss, physical fitness, and improved health. Although some people have an 
aversion to exercising, every person performs some level of physical activity as part 
of their daily life. Habitual increases of nonexercise physical activity accumulate to 
increase total energy expenditure.

20.2  Benefits of Physical Activity

There is a large body of conclusive scientific evidence demonstrating the health 
benefits of physical activity. There is a dose-response relationship with regard to the 
amount, duration, frequency, and intensity of physical activity. Some of the health 
benefits of physical activity include:

• Improved cardiorespiratory fitness
• Improved muscular strength
• Weight loss and maintenance
• Improved insulin sensitivity
• Improved glycemic control
• Lower blood pressure
• Decreased LDL-cholesterol
• Decreased triglycerides
• Increased HDL-cholesterol
• Reduced pain

S. D. Isaacs



381

• Improved bone density
• Decreased colon cancer
• Decreased breast cancer
• Decreased endometrial cancer
• Improved osteoarthritis
• Improved bone health
• Improved depression and anxiety
• Improved cognition
• Decreased cardiovascular disease
• Decreased stroke
• Decreased mortality

There is a consistent effect of physical activity (especially aerobic physical 
activity) as an adjunct to medical nutrition therapy for weight loss and mainte-
nance. Physical activity has important metabolic effects that are independent of 
weight loss. There is a direct relationship between levels of physical activity and 
metabolic health including insulin resistance, diabetes, and metabolic syndrome. 
Progress has been made to elucidate the effects of physical activity as a method 
of reducing obesity and improving glucose tolerance; however, the specific exer-
cise volume necessary to achieve optimal benefit is of considerable uncertainty 
and debate.

Physical activity can lessen age-related decline in bone mineral density. Weight- 
bearing and resistance activities (3–5 days per week, 30–60 min per session) help 
promote increased bone density. Studies have demonstrated that adults who are 
physically active are less likely to have a hip or vertebral fracture. Consistent physi-
cal activity (≥30–60 min daily) has been shown to lower risk for breast and colon 
cancers. Physical activity enhances skeletal muscle mass, strength, and power.

Physical inactivity is a risk factor for cardiovascular disease. There is a close 
relationship between the volume of physical activity and cardiovascular health. 
Physical activity improves cardiopulmonary fitness and improves favorable bio-
markers for preventing cardiovascular disease. There is a graded inverse relation-
ship between total physical activity and mortality. Even small amounts of physical 
activity show considerable reductions in mortality and improved health outcomes 
compared to sedentary control subjects.

Physical activity improves psychological functioning. Patients who perform 
regular physical activity perform better on tests of cognitive functioning and 
report improvements in anxiety and depression symptoms. Physical activity 
improves confidence and self-esteem and reduces response to stress. In a literature 
review of physical activity and improvement of depression, a dose-response rela-
tionship was established.

Prolonged sitting is associated with higher mortality and increased rates of can-
cer, cardiovascular disease, and type 2 diabetes, even among people who get regu-
lar physical activity. However, the deleterious effects associated with prolonged 
periods of inactivity are diminished in those who participate in higher levels of 
physical activity.
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20.3  Skeletal Muscle as an Endocrine Organ

Along the same line as the functioning of adipose tissue as an endocrine organ, the 
skeletal muscle is also known to secrete a number of cytokines and other peptide 
hormones known as myokines. Myokines communicate locally within the myocyte 
in an autocrine or paracrine manner or in distant tissues in an endocrine manner. 
Myokines are important for communication between the muscle and adipose tissue, 
liver, and pancreatic cells. Myokines can have both beneficial and adverse effects 
functioning as mediators of inflammation or as mediators of exercise. Physical activ-
ity has a beneficial effect on the balance of myokines. Physical inactivity promotes 
an imbalance of myokines favoring a proinflammatory state leading to sarcopenia, 
accumulation of visceral fat, and development of many of the diseases associated 
with inactivity. It is thought that much of the protective effect of physical activity on 
chronic disease is attributed to the anti-inflammatory effect of myokines.

Myokines:

• Angiopoietin-like 4
• Brain-derived neurotrophic factor
• Fibroblast growth factor 21
• Follistatin-like 1
• Interleukin-6
• Interleukin-7
• Interleukin-15
• Irisin
• Leukemia inhibitory factor
• Myonectin
• Myostatin
• Vascular endothelial growth factor

20.4  General Guidelines for Physical Activity

Physical activity should be individualized to meet each patient’s abilities, prefer-
ences, and progression. Physical activity includes planned exercise as well as trans-
portation, occupational, household, sports, and recreational activities in the context 
of daily activities. Physical activity should include aerobic activities such as walking, 
walk-jog intervals, bicycle (routine or stationary), swimming, and other leisure sports 
or recreational activities. Aerobic activity can be individual endpoints for determin-
ing the intensity of physical activity such as fatigue, breathlessness, or heart rate.

Most government and academic organizations recommend that adults should 
accumulate a minimum of 150 min of moderate-intensity or preferably 75 min or 
more of vigorous-intensity (or an equivalent combination) aerobic physical activity 
weekly. As the intensity of a physical activity decreases, the duration should 
increase. Moderate-intensity physical activity of 300 min per week or 150 min of 
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vigorous physical activity per week will provide additional health and weight loss 
benefits. Muscle strengthening activities with major muscle groups should be per-
formed on 2 or more days per week.

The concept of accumulation refers to performing physical activity in multiple 
small bouts (≥10 min) throughout the day. A goal of 60 min of physical activity 
accumulated daily can be accomplished by adding together all the time during each 
bout (e.g., 3 bouts of 20 min or 2 bouts of 30 min). The benefits of physical activity 
are incremental; therefore, even if a patient is unable to achieve recommended lev-
els of physical activity, there is still a benefit. Inactive adults will have a health 
benefit from any amount of physical activity. Plan to increase duration, frequency, 
and finally intensity as a goal for achieving the recommended levels.

The benefits of implementing a physical activity program outweigh the risks. At 
the recommended level of physical activity, musculoskeletal injury rates are low. To 
decrease the risk of musculoskeletal injuries, encourage a light start with gradual 
progression to more moderate and higher levels of physical activity. Pregnant or 
postpartum women should seek specific advice from their practitioner regarding 
specifics about physical activity; however, light- to moderate-intensity physical 
activity is generally recommended.

Physical activity is important irrespective of gender, race, ethnicity, or income 
level. Practitioners should use communication strategies and messaging tailored for 
various populations. Patients with disabilities should perform physical activity to 
the limits of their capacity adjusted for specific health risks or limitations. Physical 
activity should always be prescribed in conjunction with a reduced-calorie meal 
plan. Most individuals can easily consume quantities of food that are much greater 
than the increased energy expenditure from physical activity. Physical activity with-
out a reduced-calorie meal plan is rarely effective for weight loss.

Physical activity recommendations for adults:

• Adults should do ≥150  min of moderate-intensity aerobic physical activity 
weekly or ≥  150  min of vigorous physical activity weekly or an equivalent 
combination.

• Aerobic physical activity should be performed in bouts of ≥10 min.
• For additional health benefits, increase moderate-intensity to ≥300 min weekly 

or ≥  150  min of vigorous-intensity physical activity weekly or an equivalent 
combination.

• Muscle-strengthening activities involving the major muscle groups should be 
done ≥2 days per week.

20.5  Physical Activity for Children and Youth

There is strong evidence that physical activity provides important health benefits 
in children and young people. Normal-weight children with high levels of physi-
cal activity have decreased adiposity compared to children with low levels of 

20 Physical Activity for Weight Management



384

physical activity. In observational studies, higher levels of physical activity are 
associated with positive health indicators. Interventions to increase physical activ-
ity in overweight and obese children have been shown to have beneficial effects 
on weight and health. In experimental studies, physical activity improved cardio-
pulmonary fitness, muscle strength, bone health, and reduced symptoms of anxi-
ety and depression.

Children and young people aged 5–17 years old should accumulate at least 
60  min of moderate- to vigorous-intensity physical activity daily. Vigorous-
intensity physical activity should be performed at least three times per week. 
Important health benefits have been documented in children and youth who per-
form at least 60  min of daily physical activity. Increasing physical activity 
beyond 60 min daily will provide additional health benefits. Doing less than the 
recommended amount of physical activity will still provide health benefits com-
pared to doing nothing at all. The duration of physical activity should include all 
physical activity accumulated throughout the day, above and beyond normal 
daily activities. Children and young adults who are inactive should start slowly 
with a progressive increase in duration, intensity, and frequency until the recom-
mended levels are achieved. Children and young adults should have ≤30 min of 
screen activities daily. Reduce nonactive time spent surfing the Internet, playing 
computer games, and watching television and videos to less than two hours per 
day and replace with more active behaviors.

Most physical activity for children and young people should be aerobic such as 
playing on playground equipment, running, jumping, playing games, and climbing 
trees. Pushing or pulling activities improve muscle strength and bone health in 
addition to aerobic benefits. Physical activity can also include sports, recreation, 
transportation, and physical education or planned physical activity in the context of 
school, community, and family activities. Youth should be encouraged to partici-
pate in a variety of activities to support healthy development and should be safe 
and enjoyable.

Physical activity recommendations for youth are universal; however, messaging 
and specific activities should be tailored to accommodate various population sub-
groups. Children younger than 5 years old benefit from increased physical activity; 
however, more research is needed to determine the amount of physical activity nec-
essary for the greatest health benefits. Maintaining a high level of physical activity 
starting in childhood and continuing throughout adulthood improves long-term 
weight management as well as lower morbidity and mortality from cardiovascular 
disease and diabetes later in life.

Physical activity recommendations for children and young adults:

• Accumulate ≥60 min moderate- to vigorous-intensity physical activity daily.
• Physical activity >60 min daily provides additional health benefits.
• Vigorous physical activity ≥3 times per week.
• Most daily physical activities should be aerobic.
• Include activities to strengthen muscle and bone ≥3 times per week.
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20.6  Physical Activity and Long-Term Weight Maintenance

Long-term weight maintenance is affected by compliance with a physical activity 
program. Randomized controlled trials demonstrate that ≥150  min of physical 
activity performed weekly is associated with 1–3% weight loss, which is considered 
to represent weight maintenance.

In a changing modern society, patients must learn to maintain physical activity in 
a variety of challenging situations such as inclement weather, shifting work sched-
ules, and travel for work or pleasure. Suggest a travel plan for physical activity to 
include the use of hotel gyms, local walks, and active vacations (city walking tours, 
national parks, etc.). When standard facilities for physical activity are unavailable, 
patients may need to improvise. In inclement weather, walking at a shopping mall 
or in a gym can be suggested.

Patients with mild upper respiratory infections may continue light to moderate 
physical activity. Patients with influenza or influenza-like syndromes with fever 
should decrease or stop physical activity until they have recovered. An active life-
style should be promoted from childhood throughout the adult years. For many 
people, walking is the best physical activity habit to adopt. A simple walking pro-
gram for most individuals has clear weight maintenance and other health benefits. 
Vary the types of activities and pick ones that are enjoyable.

Use behavior modification strategies to encourage habitual physical activity. 
Patients must learn to implement new activity habits to replace sedentary behaviors. 
Behavior modification strategies for physical activity should be used in conjunction 
with medical nutrition therapy. Behavioral modification strategies for physical 
activity include self-monitoring, making specific physical activity goals such as 
brisk walking for 30 min 5 days a week, increasing physical activity in daily living 
such as taking the stairs or parking at the far end of the parking lot, developing skills 
to cope, and enlisting social support.

20.7  The Physical Activity Prescription

The physical activity prescription designates specific fitness-related activities 
for the purpose of weight loss and improved health. Each patient will have par-
ticular and unique needs for physical activity. The physical activity prescription 
should include behavioral modification to help motivate the patient and aid in 
long-term adherence. The dosage or volume of physical activity expressed in 
minutes or in kcal expenditure per week must be individualized for each physi-
cal activity prescription.

The physical activity prescription should include the following:

• Type of physical activity (running, walking, swimming, etc.)
• Frequency and duration of the physical activity (30–60 min, 5–6 times weekly)
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• Intensity (light, moderate, vigorous)
• Special precautions regarding orthopedic, diabetes, cardiovascular, or other med-

ical concerns

20.8  Types of Physical Activity

• Aerobic (brisk walking, bicycling, swimming, rowing, running, jumping rope)
• Anaerobic (lifting weights, sprinting, jumping)
• Strength/isotonic (lifting weights, bands, calisthenics)
• Flexibility (stretching)
• Balance (yoga)

The type of physical activity can be aerobic, anaerobic, strength, flexibility, and/
or balance. The choice of physical activity can include traditional exercise activities 
as well as recreational, domestic, and occupational physical activity. Choosing the 
appropriate type of physical activity for patients is vital. Avoid high-impact physical 
activity that is difficult to maintain and has a higher risk for injuries. Patients should 
perform more than one type of physical activity and change up routines to keep it 
interesting.

Aerobic physical activity done for prolonged period of time is called endurance 
activity because it improves cardiopulmonary fitness. Even a single bout of endur-
ance activity increases muscle insulin sensitivity; however, the effect is short-lived 
unless there are concomitant changes in body composition.

Anaerobic physical activity includes resistance activities with intense exertion 
such as lifting weights or bands, calisthenics, sprinting, or jumping. Anaerobic physi-
cal activity compliments aerobic physical activity and enhances fitness, lean body 
mass, strength, speed, and power. Resistance activities using free weights, equip-
ment, or bands should be performed two to three times per week. Instruct patients to 
perform 8–10 sets consisting of 10–15 repetitions at moderate intensity to include 
legs, hips, back, trunk, chest, shoulders, and arms. The appropriate resistance can be 
provided with light hand weights, machines, elastic bands, or calisthenics. Perceived 
effort should be moderate to somewhat difficult. Lift and lower weights slowly to 
increase muscle strength and minimize injuries. As progress is made, instruct patients 
to slowly increase resistance (i.e., add 1–5 pounds) for continued improvements. 
Significant strength improvements generally take at least 6 weeks.

20.9  Duration

The duration of physical activity is generally prescribed in minutes. The duration of 
the physical activity should be 10–60  min per session. Physical activity may be 
accumulated with multiple small bouts performed at various times of the day or as 
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one longer bout. The duration of physical activity should be above and beyond nor-
mal daily nonrecreational activities. Instruct patient to start with smaller amounts of 
physical activity and increase the duration as they improve fitness.

20.10  Frequency

The frequency is the number of times an activity is performed. Frequency is usually 
prescribed as episodes, sessions, or bouts each week. For best results, encourage 
habitual physical activity. Physical activity should be performed for at least 
30–60 min on most days of the week (4–6 times each week).

20.11  Intensity

The intensity of physical activity represents how hard a person works to do the 
activity. Intensity may refer to a rate (i.e., walking or jogging speed) or magnitude 
of the effort necessary to perform physical activity. Moderate- to vigorous-intensity 
physical activity is recommended for weight management. Select activities that may 
be sustained for several minutes to an hour.

There is uncertainty as to whether the benefits of high-intensity physical activity 
are due to the greater amount of energy expenditure per unit of time or to other fac-
tors related to the actual intensity per se. In the Harvard Alumni Health Study, it was 
found that vigorous activities but not nonvigorous activities were associated with 
decreased all-cause mortality, although nonvigorous physical activity was shown to 
benefit other aspects of health. In a randomized controlled trial that evaluated the 
independent effects of exercise intensity on abdominal fat mass and insulin sensitiv-
ity, subjects in exercise groups achieved a 5–6% decrease in body weight and a 4- to 
5-cm decrease in waist circumference in both low- and high-intensity exercise 
groups compared to control subjects. Equivalent amounts of exercise independent 
of intensity resulted in similar reductions in abdominal obesity. Improvement in 2-h 
glucose level was only seen in the high-intensity exercise group.

Physical activity is measured in metabolic equivalents (METs). One MET is the 
oxygen consumption at rest, which is assumed to be 3.5 ml of oxygen per kilogram per 
minute. Light-intensity physical activity is 0–3 METs, moderate-intensity physical 
activity is 3–6 METs, and vigorous-intensity physical activity is greater than 6 METs.

Light-intensity physical activity (0–3 METs):

• Walking less than 3 mph
• Water exercises
• Light gardening
• Cooking
• Light domestic or occupational activities
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Moderate-intensity physical activity (3–6 METs):

• Walking 3–5 mph
• Hiking
• Skating (leisurely pace)
• Biking 5–9 mph level terrain
• Stationary bike, moderate effort
• Swimming, light-to-moderate effort
• Water aerobics
• Light calisthenics
• Yoga
• Gymnastics
• Stair climber machine
• Rowing machine
• Dancing (ballroom, ballet, line, etc.)
• Downhill skiing
• Playing on school playground equipment
• Gardening and yard work (raking, bagging leaves, digging, hoeing, light shovel-

ing, or weeding)
• Moderate housework (scrubbing, hanging laundry, sweeping, washing windows, 

cleaning out the garage, moving light furniture, packing or unpacking boxes, 
walking and putting household items away, carrying out heavy bags of trash, or 
carrying water or firewood)

• Home repair
• Actively playing with children
• Moderate occupational activities

Vigorous-intensity physical activity (>6 METs):

• Speed walking
• Jogging or running
• Walking or hiking up a hill
• Bicycling more than 10 mph
• Roller skating at a brisk pace
• Skiing (active downhill, cross country)
• Jumping rope
• Martial arts (karate, judo, tae kwon do, jujitsu)
• Aerobic dancing
• Water jogging
• Swimming steady-paced laps
• Circuit weight training
• Vigorously playing with children
• Most competitive sports
• Home repair or construction with very hard physical labor
• Shoveling heavy snow
• Occupations that require extensive periods of running, rapid movement, lifting, 

and pushing or pulling objects

S. D. Isaacs



389

20.12  Volume

The volume of physical activity is characterized by the product of the duration, 
frequency, and intensity as well as the total longevity of the program. A dose- 
response relationship exists between the volume of physical activity and health indi-
cators, with greater doses of physical activity associated with greater improvements. 
The volume of physical activity necessary for risk reduction varies with each condi-
tion. To reduce abdominal obesity, the lowest dose of physical activity is 150 min 
weekly with added reduction for >300 min weekly.

20.13  Pre-exercise Screening for Cardiovascular Disease

Patients who are at risk for cardiovascular disease (family history, obesity, diabetes, 
hypertension, and/or dyslipidemia) or those with known cardiovascular disease 
should have cardiovascular screening before initiating a physical activity program. 
Patients with undiagnosed or unstable disease could experience cardiac ischemia or 
arrhythmias due to the increased myocardial oxygen demands.

Initial screening for cardiovascular disease should start with a careful history and 
physical examination. Most organizations do not recommend that physicians rou-
tinely offer exercise stress testing to patients without symptoms or strong risk fac-
tors for cardiovascular disease. Patients at low-to-moderate risk may have an 
electrocardiogram as an initial screening modality.

The exercise stress test is a useful modality for coronary disease screening in asymp-
tomatic but high-risk patients who want to initiate a physical activity program. Exercise 
testing is an established procedure that has been in widespread clinical use for several 
decades. Exercise testing is widely available and at relatively low cost. A cardiovascu-
lar stress test uses a treadmill or bicycle with electrographic and blood pressure moni-
toring. Pharmacological agents and the use of imaging modalities may also be used for 
disabled patients or other situations in which exercise testing is not possible.

20.14  Physical Activity for Special Populations

20.14.1  Severe Obesity

Low-impact physical activity is necessary to reduce orthopedic stress and injuries 
in patients with severe obesity. Non-weight-bearing physical activity can be rec-
ommended, such as water aerobics, swimming, and chair or floor exercises. High- 
impact physical activity should be avoided. Vigorous-intensity low-impact physical 
activity can be achieved with a stationary bike or elliptical machine. Emphasize the 
frequency and duration of physical activity over intensity. As patients with severe 
obesity lose weight and become more mobile, increase intensity as tolerated.
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20.14.2  Poor Mobility

Physical activity should be encouraged for every person regardless of disability 
status. Patients with poor mobility due to neurologic, orthopedic, or other condi-
tions should still perform physical activity to the best of their ability. Physical activ-
ity must be done in an environment that is safe and may need to have special 
equipment to meet specific needs. Adults with poor mobility should perform physi-
cal activity at least 3 days per week to improve balance and prevent falls.

20.14.3  Advanced Age

Maintaining physical activity throughout a lifetime promotes health and longevity. 
For adults with advanced age, physical activity includes transportation, occupa-
tional (if still working), household, sports, and recreational activities in the context 
of daily activities as well as planned exercise. The goal of physical activity is weight 
loss or maintenance, as well as improved functional health, cardiorespiratory and 
muscular fitness, and reduced depression and cognitive decline.

When possible, older adults should follow the same guidelines as adults of age 
18–64 which include ≥150 min of moderate-intensity physical activity or ≥75 min 
of vigorous-intensity physical activity weekly. Muscle strengthening should be 
done on major muscle groups twice weekly. Physical activity also helps maintain 
muscle strength, endurance, bone mineral density, and joint mobility, all of which 
typically decline as people age. Considerations should be made for orthopedic and 
mobility issues. When recommended levels cannot be performed due to health con-
ditions, individuals should be as physically active as their abilities and conditions 
allow. Chair exercises are an effective form of physical activity for patients in nurs-
ing homes or in wheelchairs.

20.14.4  Diabetes

Physical activity should be initiated as short sessions with careful glucose monitor-
ing. Progress duration and intensity gradually, as tolerated. Although most patients 
have improved blood glucose readings, hypoglycemia or hyperglycemia can occur 
as a consequence of physical activity. Patients who take insulin secretagogues or 
insulin may require a reduction in dose. Patients should be instructed to consume a 
meal 1–3 h before physical activity and to take insulin >1 h before physical activity. 
Snacks and/or dose adjustments may be necessary for patients who take insulin or 
insulin secretagogues (glipizide, glyburide, glimepiride, nateglinide, or repaglinide) 
to accommodate for increased insulin sensitivity that occurs with physical activity. 
Some patients may need to consume small amounts of carbohydrates every 30 min 
during longer bouts of physical activity.
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20.14.5  Cardiovascular Disease

Physical activity improves cardiovascular disease. Patients with occult or unstable 
coronary ischemia or arrhythmias may experience worsening of their condition with 
physical activity. Pre-exercise stress testing and medical supervision are necessary 
for patients with cardiovascular disease beginning a physical activity program. For 
patients post myocardial infarction, walking is the recommended initial type of 
physical activity. Patients with a history of a cardiac event need to take extra precau-
tions and seek medical guidance before initiating a physical activity program and 
before striving to achieve increased levels of physical activity.

20.15  Conclusion

Physical inactivity is a leading risk factor for mortality worldwide. There are many 
scientific studies demonstrating the physical and mental health benefits of physical 
activity. Physical activity is beneficial for weight loss because it enhances the ability 
to achieve a negative energy balance by increasing energy expenditure. Physical 
activity also facilitates weight loss and maintenance through increased metabolic 
rate, increased lean body mass, and psychological factors. Habitual accumulated 
energy expenditure through physical activity allows long-term energy balance for 
achieving and maintaining weight loss. Even among people who participate in regu-
lar physical activity, prolonged sitting is associated with higher mortality and 
increased rates of cancer, cardiovascular disease, and type 2 diabetes. Physical activ-
ity promotes the production and favorable balance of anti-inflammatory myokines 
contributing to many of its metabolic benefits.

The physical activity prescription should be customized with consideration for 
any underlying health factors. The prescription should include details about the 
type, frequency, duration, and intensity of the physical activity. Adults should accu-
mulate ≥150 min of moderate-intensity or preferably ≥75 min of vigorous-intensity 
(or an equivalent combination) aerobic physical activity weekly. Moderate-intensity 
physical activity of ≥300 min per week or >150 min of vigorous physical activity 
per week is preferred due to additional health benefits. Include resistance activities 
≥2 times per week.

Children and young adults should have ≥60 min of physical activity daily. The 
majority of the physical activity for children and young people should be aerobic. 
Accumulate increased nonexercise physical activity into daily activities in the home 
and workplace.

Initiate a physical activity with lower intensity and duration with gradual pro-
gression to moderate- and higher-intensity physical activity as physical fitness 
improves. Patients with cardiovascular risk factors or those with known cardiovas-
cular disease should have cardiovascular screening before initiating a physical 
activity program. For most patients with obesity, low-impact physical activity is 
preferred to reduce orthopedic stress and injuries. When physical activity is limited 
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due to health conditions, adults should be as physically active as their condition and 
abilities allow. Patients must learn to implement new activity habits to replace sed-
entary behaviors. Use behavioral modification strategies such as self-monitoring, 
making specific goals, increasing physical activity in daily living, developing skills 
to cope, and enlisting social support.
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Chapter 21
Pharmacotherapy for Weight Management

Elise M. Brett

Pearls of Wisdom
• Pharmacological management of patients with overweight, obesity, and 

adiposopathy starts with the avoidance of medications for comorbid condi-
tions that promote weight gain or prevent effective weight loss.

• Offer patients pharmacotherapy as an adjunct in a weight loss program. 
Lifestyle changes are the key to long-term success.

• Reevaluate initial treatment strategies by 12 weeks. A lack of response by 
that time should prompt a search for barriers to weight loss and consider-
ation of escalation in pharmacotherapy.

• Set realistic weight loss goals. Explain to patients the benefits of moderate 
weight loss. Tell the patients to expect a plateau, and the need for ongoing 
pharmacotherapy.

• Help patients understand that overweight and obesity are a continuum and 
together represent a chronic disease which needs long-term treatment. 
Explain that medications help achieve weight loss, and continued use helps 
prevent weight regain.

E. M. Brett 
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21.1  Introduction

Approaches and attitudes toward the patient with obesity have positively and con-
siderably changed over the past 50  years, concomitant with the dramatic rise in 
obesity prevalence rates nationally and on a global scale. Not surprisingly, the early 
literature on obesity pharmacotherapy contains some disturbing statements. One 
paper from 1977 referred to patients with obesity as “miscreants” whose “over- 
indulgence. .. makes it difficult to control their diabetes and obesity.” Another 
described the high dropout rate in a clinical trial as being due to “the mental attitude 
of many who allow themselves to become overweight.” In 1998, the National 
Institutes of Health defined obesity as a chronic disease, and since then, major medi-
cal societies including The Obesity Society in 2008, The American Association of 
Clinical Endocrinologists in 2012, and finally the American Medical Association in 
2014 produced similar statements. In addition to recognizing that obesity is not 
simply a lifestyle choice, and thereby attempting to reduce the stigma and discrimi-
nation, a pragmatic dividend of elevating obesity to disease status is to facilitate 
prevention and treatment. Obesity is a risk factor for numerous other diseases, and 
the presence and degree of obesity negatively impact the treatment of obesity- 
related comorbidities. As a chronic disease, there should be greater coverage for 
prevention and treatment by government and private insurance companies, more 
physician engagement in treatment protocols, more funding for research, and the 
FDA may be more likely to approve drugs to manage it.

21.2  Rationale for Pharmacotherapy of Obesity

Pharmacotherapy can be an important adjunct to improved nutrition and lifestyle 
modification in inducing weight loss in select patients. There are certain factors that 
need to be recognized before considering the use of pharmacotherapy. One is the 
understanding that not only is obesity a disease but it is a chronic disease. It is rare 
that weight normalization occurs and rare to achieve “cure.” In this way, its manage-
ment can be thought of as analogous to the management of T2DM. It is therefore 
important to set some goals at the start of treatment. In research studies, successful 
outcomes have been defined in terms of absolute weight loss, percent loss of body 
weight, and improvement in associated conditions. The goal of treatment with med-
ication is to reduce excess fat mass and restore normal adipocyte function. Adipose 
tissue is metabolically active. In many patients, adiposopathy develops as a compli-
cation of adiposity. Adiposopathy contributes to insulin resistance, increased free 
fatty acid release, other pathogenic endocrine and immune responses, and increased 
cardiovascular risk. A weight loss of ≥5% has been associated with improvements 
in glycemic control in patients with T2DM and reductions in the need for antidia-
betic medications. In a large study involving subjects with prediabetes, weight loss 
of 5% decreased the risk of T2DM by 58%. Modest weight losses of 5–10% have 
also been shown to decrease triglycerides and increase HDL.  In people with 
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overweight/obesity and cardiovascular risk factors, even more moderate sustained 
weight losses of only 3–5% can produce clinically meaningful health benefits.

It is important to recognize that not all patients will respond to all antiobesity 
medications. Typically, if a response is going to be achieved, it will be detected in 
the first 3 months of therapy. According to product labels, all drug therapies should 
be initiated with a plan to discontinue the drug if a patient proves to be a nonre-
sponder (i.e., typically if 5% of body weight is not lost in 3–6 months). It is not 
always clear why a patient does not respond to a particular agent, but if one agent is 
not effective, another with a different mechanism of action can be tried. At the pres-
ent time, outside of fixed dose combination tablets, there is currently little published 
clinical data to support the use of combination therapies for weight loss, but this 
remains the standard of care in bariatric medicine practices and an exciting area for 
future investigation.

21.3  Historical Development of Pharmacotherapy 
for Obesity

The earliest widespread use of pharmacotherapy for weight loss involved the use of 
amphetamines in the late 1930s. While effective as weight loss agents, these drugs 
also caused euphoria and had serious addiction potential. Subsequently, 
amphetamine- like drugs were developed, which had similar weight loss effects 
without the potential for mood enhancing or abuse. These noradrenergic-releasing 
agents such as phentermine, benzphetamine, diethylpropion, and phendimetrazine 
were approved during 1959–1960 and are still available today. These drugs were not 
studied in long-term clinical trials, and are approved for short-term use, generally 
considered to be for up to 12 weeks. With the exception of phendimetrazine, these 
drugs have been studied in a limited number of trials of variable length and have 
demonstrated placebo-subtracted weight loss on the order of 3.0–3.6 kg. Similar to 
amphetamines, they can result in tachycardia, palpitations, agitation, dry mouth, 
difficulty sleeping, anxiety, and headache (Table 21.1).

Table 21.1 Weight loss 
agents approved for 
short-term use

Drug Trade names Schedule Dose

Phentermine Adipex-P®
Ionamin®

IV 15 mg QD
30 mg QD
37.5 mg QD

Diethylpropion Tenuate®
Tepanil®

IV 25 mg TID
75 mg SR QD

Phendimetrazine Bontril®
Prelu-2®
X-trozine®
Plegine®

III 17.5–70 TID
105 SR QD

Benzphetamine Didrex® IV 25–50 mg TID

Abbreviations: mg milligram, QD daily, TID three times a day, 
SR sustained release
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Unfortunately, the history of obesity pharmacotherapy is marked by safety con-
cerns leading to several drug withdrawals over the past decade. This has led both 
physicians and the public to be wary about the use of currently available agents. In 
1997, dexfenfluramine and fenfluramine, both serotonin-releasing agents and reup-
take inhibitors, were withdrawn due to reports of valvular heart disease and pulmo-
nary hypertension associated with their use. Dexfenfluramine was the first obesity 
agent to be studied and show efficacy in a long-term (1  year) clinical trial. 
Fenfluramine was often prescribed in combination with phentermine, which proved 
to be highly effective for many patients. The use of this combination therapy became 
popular and was commonly known as “Fen-Phen.” Fen-Phen was also studied long 
term and was the first demonstration of the greater benefits of a combination therapy 
for obesity. The same year that these drugs were withdrawn, the FDA approved 
sibutramine, a tertiary amine whose metabolites are potent inhibitors of noradrena-
line and serotonin reuptake, which reduces food intake and enhances satiety. Then, 
in 2010, sibutramine was withdrawn from the market. In The Sibutramine 
Cardiovascular Outcomes (SCOUT) trial, although the data set as a whole showed 
nonsignificant increases in nonfatal myocardial infarction and stroke in patients 
with known cardiovascular disease, there was a 16% increased risk of cardiovascu-
lar events, including nonfatal heart attack and nonfatal stroke comparing sibutra-
mine to placebo. The next promising class of drugs to be suddenly discontinued 
after approval was the selective cannabinoid 1 receptor antagonists. Blockage of 
orexigenic endocannabinoids in the brain resulted in successful weight loss. 
Rimonabant was approved in Europe in 2008 and withdrawn later that year due to 
risk of depression and suicide. Subsequently, it was not approved in the USA, and 
the development of similar compounds was halted.

21.4  Challenges of Clinical Trials for Obesity Medications

The evaluation of obesity agents in clinical trials poses unique challenges. Dropout 
rates in obesity trials tend to be higher than in the evaluations of other drugs. This 
enhanced dropout rate may be due to difficulty with adhering to the lifestyle modi-
fication component of the trial or possibly patient perception of lack of essentiality 
of treatment. Dropout rates increase with longer duration of a study. High dropout 
rates lead to reduced statistical power and potential bias. To report the data despite 
high dropout rates, most studies use a modified intention-to-treat (mITT)-last obser-
vation carried forward (LOCF) analysis. mITT-LOCF analysis includes all random-
ized patients who received a least one dose of study drug or placebo and had at least 
one post-randomization weight measurement. If a subject’s weight is not available 
at completion of the trial due to drop out, then the weight from the most proximal 
prior visit is used, and it is assumed that the outcome has not changed. LOCF is a 
single imputation method to address missing data points but can introduce bias in 
favor of treatment if there is an early treatment effect followed by early dropout due 
to an adverse effect of the drug or may underestimate the efficacy of a drug that is 
particularly effective in a subset of patients.
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Besides the difficulty in interpreting the data, there are additional challenges to evalu-
ating obesity drugs in clinical trials. Weight loss, even when pharmacologically assisted, 
typically plateaus at around 6–9 months. In all studies, increasing the duration of treat-
ment does not necessarily lead to greater weight loss, but the effect of the drug changes 
from that of inducing weight loss to assisting in weight maintenance following weight 
loss. This is due to metabolic adaptations to weight loss which result from a decrease in 
spontaneous physical activity; reduced physical activity level in free-living individuals 
after weight loss; decreases in energy expenditure, which persist long after the period of 
dynamic weight loss; and changes in leptin and gut hormones such as ghrelin, peptide 
YY, gastric inhibitory polypeptide, pancreatic polypeptide, amylin, and cholecystokinin 
that persist long after weight loss and affect appetite and encourage weight regain.

All of the currently available weight loss agents have been studied in people with 
and without T2DM, and it is important to note that weight loss in patients with 
T2DM is typically less than with patients without T2DM. This may be due to sev-
eral factors. First, if diabetes was previously uncontrolled and glycemic control 
improves with weight loss, glucosuria resolves and calories are no longer lost in the 
urine. It has also been shown that reductions in energy expenditure occur as glyce-
mic control improves. Second, some medications such as sulfonylureas, megli-
tinides, and insulin put the individual at risk for hypoglycemia. It is necessary to eat 
on a regular basis, and it may be necessary to consume extra calories at times to 
avoid or treat a hypoglycemic event. In these patients, it is critical to frequently 
reevaluate the diabetes regimen during the weight loss period. Another class of dia-
betes medication, the thiazolidinediones, does not cause hypoglycemia but contrib-
utes to weight gain by causing fluid retention and increasing peripheral adipose. 
Psychological factors and reduced ability to exercise due to factors such as neuropa-
thy or other comorbidities may also play a role in people with diabetes.

21.5  Available Medications for the Treatment of Obesity

Table 21.2 lists medications approved in the United States for long-term treatment 
of obesity.

21.5.1  Orlistat

The oldest drug studied and approved for long-term treatment of obesity including 
weight maintenance is orlistat. This medication was approved in 1999. It is a gastric 
and pancreatic lipase inhibitor that causes weight loss by inducing fat malabsorp-
tion. Approximately 30% of ingested fat is lost in the stool when orlistat is present. 
It is indicated for obesity management including weight loss and weight mainte-
nance in patients with BMI ≥30 kg/m2 or ≥27 kg/m2 with other risk factors. Orlistat 
is available in a prescription formulation, which is dosed 120 mg TID, and it is also 
available over the counter in 60-mg capsule-dosed TID, which is sold under a 
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different brand name, Alli®. The drug is contraindicated in pregnancy and in 
patients with malabsorption, cholestasis, or known hypersensitivity. Despite its non-
absorption, possible interactions with levothyroxine, warfarin, cyclosporine, and 
certain antiepileptics have been reported. Therefore, these drugs require dosing 
separation, and dose adjustments may be required. Due to the effects of orlistat on 
fat absorption, the risk for hyperoxaluria and oxalate nephrolithiasis is increased. 
Moreover, since fat-soluble vitamins may be malabsorbed, multivitamin supple-
mentation, at least 2 h before or after the orlistat dose, is recommended.

In a pooled analysis of orlistat involving three trials of 1111 patients taking 
120 mg TID vs. placebo, the mean change in body weight after 1 year ranged 7.9–
9.4 kg. In 4 trials of subjects with T2DM, weight loss after 2 years ranged 3.89–
6.19 kg, and more patients were able to avoid weight regain in the maintenance 
phase than those on placebo. Orlistat is associated with small reductions in blood 
pressure, total cholesterol, and blood glucose.

Table 21.2 Medications approved for long-term treatment of obesity (available data)

Drug Orlistat
Phentermine- 
topiramate ER Lorcaserin

Naltrexone- 
bupropion Liraglutide

Trade name Xenical®
Alli®

Qsymia® Belviq® Contrave® Saxenda®

Maximum age
In studies (years)

75 70 65 70 78

Maximum study 
duration

4 years 108 weeks 52 weeks 56 weeks 3 years

Studied with 
antidepressants?

Yes Yes No No Yes

Effect on heart rate No change
or 
decrease 
2–4 bpm

+1.2 bpm −2.9 bpm Initial increase 
+3.4 bpm first 
20 weeks then 
decline <2.5 bpm

Increase 
+2–3 bpm

Mean effect on blood 
pressure

−5.3 SBP
−2.6 DBP

−2.9 SBP
−1.5 DBP

−1.4 SBP
−1.2 DBP

−3.9 SBP
−2.8 DBP

−6.9 SBP
−2.9 DBP

Studied in type 2 
diabetes

Yes Yes Yes Yes Yes

Range of reported 
placebo-subtracted 
weight loss in 
completers

1.9–
3.19 kg

7.5–11.1 kg 3.6–3.8 kg 3.7–6.1 kg 5.8–6.0 kg

Range of reported 
percent weight loss 
in completers

7.6% 10.7–14.4% 5.5–8.2% 5.9–11.5% 6.7–9.2%

Controlled 
substance?

No Schedule IV Schedule 
IV

No No

Possible drug 
interaction with 
alcohol

No Yes Yes Yes No

Abbreviations: ER extended release, bpm beats per minute, SBP systolic blood pressure, DBP 
diastolic blood pressure, kg kilogram
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In the longest study of any weight loss agent, orlistat was studied in the Xenical 
in the Prevention of Diabetes in Obese Subjects (XENDOS) Study in which patients 
with normal glucose tolerance (79%) or impaired glucose tolerance (IGT) (21%) 
were randomized to orlistat 120 mg TID or placebo; 3305 subjects were random-
ized, and 52% of the treatment group vs. 34% of the placebo group completed the 
study. Subjects were prescribed an 800-kcal per day deficit diet containing 30% fat 
and were encouraged to walk an extra kilometer per day. Mean weight loss was 
3.0 kg with placebo vs. 5.8 kg with the drug. After 4 years, the incidence rate of 
T2DM in the IGT group was 18.8% for the treatment group vs. 28.8% for placebo, 
corresponding to a 45% risk reduction.

Orlistat was also studied in a smaller trial of 254 patients with uncontrolled 
T2DM (A1C >8%) on oral agents, injectables, or insulin. Subjects were randomized 
to orlistat 120 mg TID vs. placebo and told to follow a 30% fat, 600-kcal per day 
deficit diet; 234 subjects completed the study. Weight decreased 9.5 kg in the treat-
ment group vs. 2.7 kg in the placebo group after 1 year. A1C decreased 1.4% in the 
treatment group vs. 0.3% with placebo. Subjects in the treatment group also showed 
improvements in HOMA-IR, FPG, PPG, and CRP.

21.5.2  Phentermine-Extended Release Topiramate  
(PHEN/TPM)

In 2012, the FDA approved the combination drug PHEN/TPM. Topiramate is a 
carbonic anhydrase inhibitor. The drug was initially approved for the treatment of 
epilepsy in 1996 and subsequently migraine headaches in 2004 and was noted to 
cause weight loss in patients with obesity. The mechanism of action of topiramate 
in inducing weight loss is not known, but the carbonic anhydrase enzyme is present 
in mitochondria and involved in gluconeogenesis and lipogenesis. There is evidence 
in rats that topiramate increases metabolic rate by an unclear mechanism possibly 
involving uncoupling proteins. However, only one small study so far has looked at 
the effects of topiramate on metabolic rate in humans and it did not show any dif-
ference from placebo. As a combination capsule, phentermine is released in the 
morning and topiramate in the evening. The most common adverse effects are par-
esthesias, dry mouth, constipation, dysgeusia, and insomnia. Some patients also 
experience reversible memory loss or disturbance in attention due to the topiramate 
component or irritability, anxiety, or headache related to the phentermine. 
Topiramate can cause orofacial clefts in babies of mothers treated during pregnancy, 
and FDA required a risk evaluation and mitigation strategies (REMS) program for 
the drug; women of reproductive potential must be counseled to undergo pregnancy 
testing before starting treatment and monthly thereafter. The medication should be 
discontinued immediately if a woman becomes pregnant while taking it. It should 
not be used while breastfeeding. The drug is contraindicated during therapy with 
MAOI, history of glaucoma, and in untreated hyperthyroidism. The drug has been 
associated with risk for kidney stones.
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PHEN/TPM is initiated at a dose of 3.75/23 mg for 14 days and then increased 
to 7.5/46 mg. It is recommended in the product label to reevaluate the patient after 
12 weeks of treatment. If the patient has not lost at least 3% of body weight, then 
one should discontinue the drug or escalate the dose. One has the option to increase 
to 11.25/69 mg for 14 days followed by 15/92 mg and reevaluate after 12 weeks. If 
the patient has not lost 5% or more of initial body weight at that time, then treatment 
should be discontinued. According to the manufacturer, once at the top dose, the 
medication should be discontinued slowly by taking a dose every other day for 
1 week prior to stopping altogether to avoid precipitating a seizure.

PHEN/TPM has been studied in three large clinical trials. It has been evaluated 
for up to 56 weeks and has been shown to be effective across all levels of BMI 
included in the trials. The mid-dose combination of both medications is more effec-
tive than the highest dose of either medication alone. In EQUATE, a 28-week ran-
domized trial, the 7.5/46 mg and 15/92 mg doses of PHEN/TPM were compared to 
each of the individual components alone as well as placebo. The trial involved 34 
centers and 756 subjects were randomized with 541 completing (71.6%) the trial. 
Subjects were counseled to reduce caloric intake by 500 kcal per day and to keep 
food diaries and increase physical activity as tolerated. Absolute weight losses were 
8.3 kg in the 7.5/46 mg group and 9.0 kg in the15/92 mg group vs. 1.5 kg in the 
placebo group, 5.3 kg with phentermine alone, 4.7 kg with topiramate ER 46 mg, 
6.0 kg with phentermine 15 mg, and 6.4 kg with topiramate ER 92 mg.

In EQUIP, a 56-week randomized controlled trial of subjects with BMI ≥35 kg/
m2 and without metabolic syndrome, subjects were randomized to placebo vs. 
PHEN/TPM 3.75/23 mg or PHEN/TPM 15/92 mg. Subjects were advised to follow 
a 500-kcal per-day deficit meal plan, were provided counseling based on the 
Lifestyle, Exercise, Attitudes, Relationships and Nutrition (LEARN) program, and 
advised to increase physical activity. The dropout rate was higher in the placebo arm 
at 47.1% than the study drug, which was 39% for 3.75/23  mg and 33.6% for 
15/92 mg. Based on an ITT-LOCF analysis, patients receiving 15/92 mg, 3.75/23 mg, 
and placebo lost 10.9%, 5.1%, and 1.6% of body weight, respectively. Completers 
taking the highest dose lost 14.4% of body weight on 15/92. The percentages of 
patients losing ≥5%, ≥10%, and ≥15% were 66.7, 47.2, and 32.2 for the 15/92-mg 
dose, respectively.

In CONQUER, a randomized double-blinded placebo-controlled trial across 93 
centers in the USA, subjects with a BMI 27–45 kg/m2 and 2 or more comorbidities, 
elevated triglycerides, hyperlipidemia, elevated blood glucose including prediabe-
tes, or large waist circumference were randomized to drug 15/92 mg vs. 7.5/46 mg 
vs. placebo. They were given a LEARN manual and instructed to reduce caloric 
intake by 500 kcal per day; Overall, 38% discontinued the study drugs, including 
43% who discontinued placebo. Of the subjects who completed 1 year of treatment, 
they lost 12.9, 9.9, and 1.8 kg with the 15/92-mg dose, 7.5/46-mg dose, or placebo, 
respectively; 5% weight loss was experienced by 70%, 62%, and 21%; and 10% 
weight loss by 48%, 37%, and 7% with the 15/92-mg dose, 7.5/46-mg dose, or 
placebo, respectively. There were significant improvements in BP, waist circumfer-
ence, lipids, glucose, CRP, and  adiponectin in the treatment groups compared to 
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placebo. The study included 388 patients with T2DM (baseline A1C 6.8%) treated 
with metformin or nutritional intervention alone.

A subgroup of subjects with prediabetes and/or metabolic syndrome were enrolled 
in SEQUEL, a 52-week extension of the CONQUER trial. After 108  weeks, the 
incidence rate of T2DM was 6.1, 1.8, and 1.3 for placebo, 7.5/46 mg, and 15/92 mg 
respectively. There were 70.5% and 78.7% risk reductions in progression to T2DM 
for the 7.5/46 mg and 15/92 mg doses, respectively. Greater weight loss was associ-
ated with a greater reduction in the incidence of T2DM. Dropout rates were low, with 
84% of all subjects completing the trial. Weight loss in the treatment groups was 
maximal at 40 weeks and was largely maintained during the extension phase.

The drug has also been shown to be effective in patients with T2DM with subop-
timal control. In a subsequent study, 210 patients with a baseline A1C of 8.7% and a 
mean duration of disease of 9 years were randomized to placebo vs. PHEN/TPM 
15/92 mg dose. The majority of subjects were taking one or more oral agents for 
T2DM, and patients taking injectables were excluded; 79% of subjects enrolled com-
pleted the trial. Mean weight loss was 9.4% with drug vs. 2.7% with placebo by ITT-
LOCF analysis. Mean A1C reductions were 1.2% for placebo vs. 1.6% for the study 
drug. There was a reduced need for antidiabetic medications in the treatment group.

21.5.3  Lorcaserin

Lorcaserin was approved by the FDA for weight loss in 2012. Its mechanism of 
action is selective serotonin 2C (5-HT2C) receptor agonist. As a 5-HT2C receptor 
agonist in the hypothalamus, it activates the pro-opiomelanocortin (POMC) system 
of neurons, which results in increased satiety and decreased hunger. Fenfluramine 
and dexfenfluramine targeted the 5-HT receptor but were not selective. It is thought 
that the valvular heart disease seen in association with their use was a result of 
5-HT2B receptor activation. Valvulopathy has not been seen with agents that activate 
5-HT2A or 5-HT2C receptors.

The medication is dosed as 10 mg BID or in an extended-release preparation as 
20 mg QD. Adverse effects of lorcaserin include headache, nausea, constipation, 
dizziness, fatigue, xerostomia, and dry eyes. Hyperprolactinemia and leukopenia 
have been reported. The pivotal clinical trials of lorcaserin excluded patients taking 
SSRI drugs due to the potential risk of serotonin syndrome when used in combina-
tion. The product label indicates that if 5% weight loss is not achieved by week 12, 
then the drug should be discontinued. The drug is contraindicated in pregnancy and 
should not be used during breastfeeding. Caution is advised in patients with depres-
sion and those with a prior history of valvular heart disease. The drug should be 
avoided in patients with severe liver injury or renal insufficiency.

Lorcaserin was studied in the Blossom trial, a 52-week randomized, double- 
blind, placebo-controlled multicenter trial in subjects with a BMI 30–45 kg/m2 or 
27–29.9 kg/m2 with HTN, dyslipidemia, CVD, IGT, or sleep apnea. Subjects were 
randomized to lorcaserin 10 mg BID vs. 10 mg QD vs placebo. In this trial, the 
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behavioral modification program was fairly intense with nutrition and physical 
activity counseling at weeks 1, 2, and 4 and monthly thereafter. Subjects were 
instructed to reduce caloric intake to 600 kcal below estimated requirements, to be 
physically active 30 min per day, and keep food diaries; 4008 patients were random-
ized, and 2224 (55.5%) completed the trial; 47.2% of subjects taking 10 mg BID vs. 
40.2% taking 10 mg QD, lost 5% or more body weight, compared with 25% on 
placebo, based on mITT-LOCF analysis. Weight loss was 7.7  kg vs. 6.5  kg vs. 
3.9 kg, and percent change in weight was −7.9% vs. −6.5% vs. −4.0%, for lorcase-
rin 10 mg BID, 10 mg QD, or placebo. There were small improvements in HDL and 
triglycerides in the treatment groups.

In BLOOM, another large multicenter trial, 3182 patients with a BMI ranging 
30–45 or 27–45 kg/m2 with at least one comorbidity were randomized to lorcaserin 
10  mg BID vs. placebo. The behavior modification protocol was similar to 
BLOSSOM. Rates of completion were 55.4% in the lorcaserin group and 45.1% in 
the placebo group. At the end of 1 year, 47.5% of subjects in the lorcaserin treatment 
group lost 5% or more body weight compared with 20.3% in the placebo group, and 
22.6% lost 10% or more compared to 7.7% with placebo. Average weight loss was 
8.1 kg in the lorcaserin group vs. 3.3 kg in the placebo group. Patients in the lorca-
serin group lost 8.2% of baseline weight. Glucose, insulin, cholesterol, CRP, and 
blood pressure improved with lorcaserin treatment, compared to placebo. This trial 
had an extended maintenance period. Patients who stayed on lorcaserin in year 2 
experienced some regain but were better able to maintain their weight loss than 
patients switched to placebo who mostly regained.

Lorcaserin has also been studied in patients with T2DM in the BLOOM-DM 
trial. BLOOM-DM was a 1-year randomized trial that included 604 patients taking 
metformin, a sulfonylurea, or both (baseline A1C 7–10%) and BMI 27–45 kg/m2 
were randomized to lorcaserin 10 mg QD vs. 10 mg BID vs. placebo. Patients had 
to be able to participate in a moderate-intensity physical activity program. After 
52 weeks, 37.5%, 44.7%, and 16.1% lost 5% or more body weight, while 16.3%, 
18.1%, and 4.4% lost 10% or more by mITT-LOCF analysis, for lorcaserin 10 mg 
QD, lorcaserin 10 mg BID, or placebo. Weight change from baseline was −5% vs. 
−4.5% vs. −1.5% and − 5.0 vs. −4.7 vs. −1.6 kg for lorcaserin 10 mg QD, lorcase-
rin 10 mg BID, or placebo. A1C decreased by 0.9% with lorcaserin 10 mg BID vs. 
1.0% with lorcaserin QD and 0.4% with placebo. Fasting glucose decreased 27 mg/
dl, 28 mg/dl, and 11.9 mg/dl in the groups, respectively. The proportion of patients 
who achieved an A1C of <7% at 52 weeks was over 50% in both lorcaserin groups 
compared with 26.3% in the placebo group.

21.5.4  Naltrexone/Bupropion

Naltrexone HCL 8 mg/bupropion HCL 90 mg (NB) was approved by the FDA to 
treat obesity in 2014. Bupropion is a dopamine and norepinephrine reuptake 
inhibitor, which was originally approved as an antidepressant and then as a 
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smoking cessation agent. Naltrexone is an opioid receptor antagonist used in the 
management of alcohol and opioid dependence. POMC-producing neurons in the 
arcuate nucleus of the hypothalamus release alpha-melanocyte-stimulating hor-
mone and beta- endorphin. Alpha-MSH mediates the anorectic effect of POMC 
activation, whereas beta-endorphin causes autoinhibitory feedback by activating 
opioid receptors on POMC neurons. It is thought that the weight loss-inducing 
effects of bupropion may be attenuated by this beta-endorphin feedback loop. The 
addition of naltrexone may prevent the negative feedback on POMC neurons and 
thus potentiate the effects of the bupropion to increase alpha-MSH release and 
facilitate weight reduction. Adverse effects of NB may include nausea, constipa-
tion, headache, vomiting, dizziness, insomnia, dry mouth, and diarrhea. Bupropion 
can have mild pressor effects. NB is contraindicated in patients with uncontrolled 
HTN, seizure disorders, chronic opioid use, concomitant use of MAOI, and nar-
row-angle glaucoma. It should not be used during pregnancy or breastfeeding. 
Dosing of NB is as follows: the medication is titrated from 1 tablet daily for the 
first week adding one tablet per week up to 2 tablets BID starting on week 4. Dose 
reductions are recommended in patients with renal and hepatic impairment. The 
medication should not be taken with a high fat meal, as this may result in a signifi-
cant increase in systemic exposure. Because bupropion is an antidepressant medi-
cation, there are warnings about increased risk of worsening depression and 
suicidal ideation and behavior. If the patient has not at least lost 5% of body 
weight by 12 weeks, the medication should be discontinued, as it is not likely to 
be effective.

In a 56-week multicenter study (CORI) , subjects with a BMI 30–45 or 27–45 kg/
m2 with controlled HTN or dyslipidemia or both were randomized to treatment with 
NB 32 mg, NB 16 mg, or placebo. The study excluded people with T2DM. Subjects 
were instructed to follow a meal plan with a 500 kcal per day deficit and advised to 
increase physical activity. Mean change in weight was 6.1%, 5.0%, and −1.3% with 
NB 32 mg, NB 16 mg, or placebo, respectively; 48%, 39%, and 16% of subjects lost 
>5% of their entry body weight with NB 32 mg, NB 16 mg, or placebo, respec-
tively. There were improvements in waist circumference, insulin resistance, HDL, 
and triglycerides with the study drug, compared to placebo.

In another 56-week multicenter randomized placebo-controlled trial, (COR- 
BMOD), subjects with BMI 30–45 kg/m2 or 27–45 kg/m2 with HTN and/or dyslip-
idemia but not diabetes were randomized to NB or placebo. This studied involved 
an intensive behavior modification program with group meetings led by a dietitian, 
behavioral psychologist, or exercise specialist;202 subjects were randomized to pla-
cebo and 591 randomized to NB; 41.6% in the placebo and 42.1% in the treatment 
arm discontinued the study drug. At week 56, the placebo group lost 5.1% of body 
weight and the drug group lost 9.3% based on mITT-LOCF. Weight loss in com-
pleters was 7.3% with placebo + BMOD and 11.5% with NB32 + BMOD. The pro-
portion of subjects losing ≥5% of weight based on mITT-LOCF was 42.5 vs. 66.4 
and ≥10% was 20.2 vs. 41.5% for placebo vs. NB, respectively. With NB treatment, 
waist circumference, fasting plasma triglycerides, and insulin decreased, while 
HDL increased at week 56, compared to baseline measurements.
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The medication has also been studied in patients with T2DM. In a 56-week, 
multicenter trial, subjects with T2DM and a BMI ranging 27–45 kg/m2 and an 
A1c ranging 7–10% were randomized to NB 32  mg vs. placebo. The study 
excluded subjects taking insulin. They were instructed to follow a 500-kcal per 
day deficit diet and instructed to increase physical activity; 44.5% in the treatment 
group vs. 18.9% in the placebo achieved >5% weight loss. The rate of dropout 
was high: 47.8% in the NB group discontinued therapy compared with 41.2% in 
placebo group. Weight loss by mITT analysis was −5.0 kg vs. −1.8 kg in the pla-
cebo group and completers lost −5.9 kg vs. −2.2 kg. There was greater reduction 
in A1C in the treatment group −0.6% vs. −0.1% as well as modest improvements 
in HDL-c, triglycerides, and waist circumference. There was no difference in 
depressive symptoms.

21.5.5  Liraglutide

Liraglutide was approved for the treatment of chronic weight management in 
2014 for people with a BMI of ≥30 or ≥27 kg/m2 with HTN, T2DM, or dyslipid-
emia. The same drug has been used since 2010 for the management of T2DM at a 
lower dose. The medication is an analog of human GLP-1, an incretin hormone 
released from L-cells in the small intestine and colon in response to food intake, 
which is a physiological regulator of appetite. Liraglutide causes reduced appe-
tite, increased satiety, and lower energy intake. The dose is given as a subcutane-
ous injection once daily and is titrated from 0.6 mg daily at weekly intervals to 
3.0 mg daily. The package insert states that liraglutide should be discontinued if a 
patient has not lost 4% of body weight after 12 weeks of the 3.0 mg daily dose, or 
16 weeks of therapy altogether. The most common adverse effects include nausea 
and vomiting, which are usually transient and occur mainly during the first 
4 weeks of dose escalation. Liraglutide has a REMS for thyroid C-cell tumors 
because they developed in rats and mice exposed to the medication. The label 
states that the human relevance has not been determined. The drug is contraindi-
cated in patients with a personal or family history of medullary thyroid cancer and 
in patients with multiple endocrine neoplasia type 2. Liraglutide has been associ-
ated with acute pancreatitis, including hemorrhagic and fatal. There is REMS in 
place for pancreatitis, and the drug was not studied in patients with a prior history 
of pancreatitis. Patients should be counseled about these potential risks. The drug 
is contraindicated in pregnancy and should not be used during breastfeeding. 
Caution is needed with a prior history of gastroparesis and cholelithiasis. 
Dehydration can occur. Injection site reactions can occur.

Liraglutide was shown to be effective for weight maintenance in the SCALE 
Maintenance Trial, a 56-week randomized double-blind placebo-controlled multi-
center trial of liraglutide after a low-calorie meal plan. Trial participants without 
T2DM and with a BMI ≥30 or BMI ≥27 kg/m2 with comorbidities of HTN or 
dyslipidemia, who had successfully lost ≥5% of body weight during a 4–12-week 
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run- in of 1200–1400  kcal/day meal plan, were then randomized to liraglutide 
3.0 mg (n = 212) vs. placebo (n = 210). Mean weight loss was 6.0% during the 
run-in period; 75% of subjects on liraglutide and 69.5% of the placebo group com-
pleted the trial. At week 56, the liraglutide group lost an additional mean of 6.2% 
of randomization weight compared with 0.2% for placebo; 81.4% of subjects on 
 liraglutide vs. 48.9% on placebo maintained the weight loss induced by the low-
calorie meal plan.

In SCALE Obesity and Prediabetes, a 56-week randomized placebo-controlled 
trial involving 3731 adult patients with BMI >30 or ≥27 kg/m2 with dyslipidemia or 
HTN, patients were assigned to liraglutide or placebo and counseled regarding life-
style modification. The trial excluded patients with T2DM but 61.2% had prediabe-
tes; 71.9% of the liraglutide group vs. 64.4% of the placebo group completed 
56 weeks. After 56 weeks, the liraglutide group lost 8.0 ± 6.7% (8.4 ± 7.3 kg) vs. 
2.6 ± 5.7% (2.8 ± 6.5 kg) with placebo; 63.2% in the liraglutide group lost over 5% 
of body weight vs 27.1% in the placebo group; 33.1% in the liraglutide group lost 
10% vs. 10.6% in the placebo group. A1C, FPG, and indices of insulin resistance 
were all better in the treatment group after 56 weeks. The incidence of prediabetes 
was lower in the treatment group. SBP and DBP decreased in the liraglutide group. 
Fasting lipids, CRP, PAI1, and adiponectin were also better in the treatment group.

A total of 1128 subjects from the trial above went on to complete 3 years of fol-
low- up. At the end of the trial, mean weight loss was 6.1% in the liraglutide 3.0-mg 
group vs. 1.9% with placebo. By 160 weeks, 1.8% of the treatment group progressed 
to type 2 diabetes compared with 6.2% in the placebo group. By contrast, 36% in the 
placebo group regressed to normoglycemia vs. 66% in the treatment group.

In another 56-week multicenter trial, patients with overweight and obesity, with 
type 2 diabetes, were randomized to liraglutide 3.0 mg vs. liraglutide 1.8 mg vs. 
placebo and advised on a reduced-calorie diet and exercise program. Mean weight 
losses of 6.0% (6.4 kg), 4.7% (5.0 kg), and 2.0% (2.2 kg) were reported in the mul-
tiple imputation analysis in the 3.0-mg, 1.8-mg, and placebo groups, respectively. 
Reductions in HbA1C were the greatest in the liraglutide 3.0-mg group at −1.3, 
followed by −1.1 for the 1.8-mg group and −0.3% for the placebo group.

21.5.6  Lisdexamfetamine for Binge Eating Disorder

Five percent to 30% of patients with obesity may have binge eating disorder. Binge 
eating disorder is a type of eating disorder characterized by eating within a 2-h 
period an amount of food that is definitely larger than most people would eat under 
similar circumstances associated with a sense of a lack of control over eating during 
the episode. The diagnosis is made in people who have at least one episode per week 
for at least 3 months. Recently, lisdexamfetamine, a CNS stimulant, was the first 
drug approved for the treatment of moderate-to-severe binge eating disorder. It has 
been shown in a meta-analysis to show tolerability and efficacy in reduction in 
binge eating frequency and obsessive thought and compulsions regarding binge 
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eating. It is not approved for weight reduction, but weight reduction compared to 
placebo is typically in the range of 5–6%. Adverse effects include headaches, sleep 
disturbance, gastrointestinal upset, and decreased appetite. The recommended start-
ing dose is 30 mg/day to be titrated in increments of 20 mg at approximately weekly 
intervals to achieve the recommended target dose of 50–70 mg/day. The drug is 
absolutely contraindicated in pregnancy.

21.5.7  Supplements Marketed for Weight Loss

There are numerous dietary supplements marketed for weight loss. Stimulants such 
as caffeine (found in herbal supplements cola nut, guarana, and mate), especially 
when combined with ephedra (ma huang), result in mild weight loss. However, the 
sale of ephedra was banned in 2004 due to reports of tachycardia, stroke, and sud-
den cardiac death. Most herbal supplements with purported efficacy on metabolic 
rate, appetite suppression, carbohydrate absorption, fat absorption, and laxative or 
diuretic effect have not been shown to have any benefit and may be associated with 
risk. One in particular that deserves mention is HCG, which is typically prescribed 
as an injection along with a 500-kcal per day meal plan. There is no proven efficacy 
for a direct effect of HCG itself, and the FDA has issued safety alerts on its use. The 
only supplement that may have mild benefit for safe weight loss is fiber, which may 
help increase satiety and slow digestion.

21.6  Adjustment of Pharmacotherapy for Other  
Associated Diseases

Before starting pharmacotherapy for overweight or obesity, the physician must con-
sider whether the patient’s current medical regimen first would benefit from adjust-
ment. For example, beta-blockers may inhibit energy expenditure and weight loss 
by multiple mechanisms including a negative chronotropic cardiac effect, antago-
nism of epinephrine, the development of respiratory insufficiency, and triggering 
depression. If a beta-blocker is being used to treat HTN, it may be beneficial to 
switch to an alternative weight-neutral agent. If the use is for migraine prevention, 
then switching to a carbonic anhydrase inhibitor would likely facilitate weight loss. 
Carbonic anhydrase inhibitors are also used for the treatment of epilepsy and, if 
adequate, would be preferred to valproate and carbamazepine for seizure preven-
tion, which typically cause weight gain.

Diabetes medications have quite varied effects on body weight. Thiazolidinediones 
and sulfonylureas are associated with weight gain up to 2.8 kg. However, the weight 
gain with TZD may be less concerning than with SU since it may be partly just due 
to fluid retention and the medication is associated with a shift from visceral to subcu-
taneous adipose along with an improvement in insulin sensitivity. Insulin typically 
causes weight gain. Pramlintide when added to insulin can help reduce appetite and 
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insulin doses and limit this weight gain. GLP-1 receptor agonists as a class- effect 
reduce appetite by mechanisms discussed above and are associated with weight loss. 
SGLT-2 inhibitors result in glucosuria and therefore calorie loss via the kidneys and 
typically cause some weight loss. Metformin increases plasma GLP-1, stimulates 
fatty acid oxidation and may increase PYY, and has been associated with weight 
losses up to 2.5 kg. Alpha-glucosidase inhibitors slow carbohydrate absorption and 
especially with a high-carbohydrate “eastern” diet have been associated with weight 
loss. When reasonable, for glycemic control, in the absence of other contraindica-
tions, medications that are associated with weight loss should be used first.

Atypical antipsychotics are the other class of medications that are associated 
with increased adiposity and adiposopathy. The mechanism is not known. Clozapine 
and olanzapine are the highest risk (average weight gain is around 4 kg) followed by 
quetiapine. The lowest risk is seen with aripiprazole, lurasidone, and ziprasidone.

Antidepressant therapy may also need to be reconsidered. Amitriptyline, mir-
tazapine, and paroxetine are associated with weight gain, whereas fluoxetine and 
bupropion are associated with weight loss.

It is important to assess the patient’s motivation for weight loss. The drug will 
only help facilitate weight loss in a motivated patient. All of the drugs have the poten-
tial to have adverse effects. The physician needs to discuss potential side effects with 
the patient and together decide which the patient may be willing to tolerate.

Meal planning may also play a role in the effectiveness of pharmacotherapy. For 
example, the patient who follows a very low fat meal plan will not likely benefit 
from orlistat. On the other hand, the patient who follows a very high fat meal plan 
will not likely tolerate the drug.

It is critical to consider the other drugs that the patient is already taking. Those 
requiring narcotics must avoid NB. A patient taking a GLP-1 receptor agonist or DPP-4 
inhibitor for T2DM will need to discontinue these agents when liraglutide 3.0 mg is 
added. One must also consider cardiovascular risk and potential effects on heart rate 
and blood pressure with the different agents. A patient with or at high risk for cardio-
vascular disease may best avoid phentermine or other amphetamine-like drugs.

One can also consider potential additional benefits of the components of the 
agents, as many have other indications, although in their form as a weight loss agent 
they lack specific study and approval as such. For example, the patient who cur-
rently smokes may benefit from NB. A patient who suffers from depressed mood 
already treated with bupropion might make an easy transition to NB. Patients with 
migraines may obtain benefit from PHEN/TPM. In the patient with T2DM not cur-
rently taking a similar agent, liraglutide may be considered a preferred choice.

21.7  Conclusion

While obesity and its comorbidities plague our society, pharmacotherapy for weight 
loss is underutilized. The underutilization of pharmacotherapy for weight management 
is due to past safety concerns, low patient acceptance, payer issues, and lack of physi-
cian training in nutrition, behavioral modification therapy, and obesity management.
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Endocrinologists are well positioned to take the lead in improving weight man-
agement in this country. Patients present to us for weight-related complications all 
the time. We are already managing the comorbidities and we can take advantage of 
this opportunity to focus specifically on the weight issues as well. This is an exciting 
time as we now have a variety of safe and effective treatment options to offer.
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Chapter 22
Bariatric Procedures

J. Michael Gonzalez-Campoy

Pearls of Wisdom
• There are nonpharmacological treatments to achieve weight loss in patients 

with overweight, obesity, and adiposopathy. These treatments include bar-
iatric surgical procedures, other invasive procedures, and noninvasive 
interventions.

• Bariatric surgical restrictive and malabsorptive procedures have evolved to 
provide effective weight loss in patients with significant burden of disease, 
while minimizing the risk of complications. They treat adiposity and adi-
posopathy, revert their complications, and improve mortality.

• The bariatric endocrinologist needs to have awareness of a patient’s previ-
ous surgical procedures and provide life-long monitoring for complica-
tions, ongoing treatment for weight management, and continued 
surveillance for the re-development of adiposopathy.

• There are emerging procedures for weight loss, which do not involve intes-
tinal interventions and which offer alternatives to the traditional bariatric 
surgery procedures.

• All patients who undergo nonpharmacological interventions for weight 
loss should be carefully selected and reminded that overweight and obesity 
still need to be managed indefinitely. Procedures have a finite effect, and 
the duration of the benefit is variable.

J. M. Gonzalez-Campoy  
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22.1  Introduction

In 1901, Dr. Peters published “Resection of the pendulous, fat abdominal wall in 
cases of extreme obesity,” which was his account of one patient who had excision of 
a large volume of fat from the abdomen in May 1899, by Dr. Kelly at Johns Hopkins. 
This may be the first published “bariatric surgery” procedure.

Weight loss surgery began in the 1950s with the introduction of various intestinal 
bypass procedures, each designed to shorten the digestive tract. Intestinal bypass 
procedures involved creating an anastomosis of the proximal to the most distal 
intestine, which bypassed a large amount of the absorptive capacity of the small 
intestine. Weight loss from intestinal bypass was caused purely by the malabsorp-
tion of food, and many patients did poorly because of this, developing diarrhea, 
dehydration, and severe electrolyte imbalances. Table  22.1 provides the major 
developments in bariatric surgery of the twentieth century.

Table 22.1 Historical development of bariatric and metabolic surgical procedures in the twentieth 
century

Year Procedure Author

1952 105-cm small bowel resection Henrikson
1953 End-to-end jejuno-ileostomy with ileo-cecostomy Varco
1963 End-to-side jejuno-transverse colostomy (jejuno-colic shunt) Payne and DeWind
1963 Partial ileal bypass Buchwald
1965 End-to-side jejuno-ileostomy Sherman
1966 End-to-side jejuno-cecostomy Lewis, Turnbull, and 

page
1967 Gastric transection with loop gastro-jejunostomy Mason and Ito
1969 Classic “14 + 4” end-to-side jejuno-ileostomy Payne and DeWind
1971 End-to-end jejuno-ileostomy with ileo-sigmoidostomy Scott
1971 Partial gastric transection, greater curve conduit Mason and Printen
1977 End-to-side jejuno-ileostomy with anti-reflux valve (plication) Forestieri
1977 Horizontal gastric stapling with loop gastro-jejunostomy Alden
1977 Horizontal gastric stapling with Roux-en-Y gastro-jejunostomy Griffen
1978 Bilio-intestinal bypass Lavorato
1978 Gastric band Wilkinson
1979 Biliopancreatic diversion Scopinaro
1979 Horizontal gastric stapling, greater curve conduit Gomez
1979 Gastric partitioning Pace and Carey
1979 Total horizontal gastric stapling with gastro-gastrostomy LaFave and Alden
1981 Gastroplasty with vertical stapling Fabito
1981 Silastic ring vertical gastroplasty Laws
1981 Vertical banded gastroplasty Mason
1983 Vertical gastric stapling with Roux-en-Y gastro-jejunostomy Torres, Oca, and 

Garrison
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One of these early procedures, the partial ileal bypass developed by Henry 
Buchwald in the 1960s ameliorates the development of severe malnutrition and 
remains a treatment choice for patients with severe hypercholesterolemia.

In 1965, Dr. Edward E. Mason and Dr. Chikashi Ito at the University of Iowa 
developed the original gastric bypass for weight reduction which led to fewer com-
plications than the intestinal bypass. This ushered a new era in weight loss surgery.

In 1983, Dr. Mason became the founding president of the American Society for 
Bariatric Surgery (ASBS). Over the years, bariatric surgery has been documented to 
be effective for the treatment of metabolic diseases, especially type 2 diabetes mel-
litus, in addition to its effectiveness in reducing fat mass. A meta-analysis published 
in 2004 by Buchwald and colleagues documented that most patients who undergo 
bariatric surgery have sustained improvements not only in glycemia but also dyslip-
idemia, blood pressure, and sleep apnea. There is now documentation of a signifi-
cant reduction in the burden of each of the complications of obesity with bariatric 
surgery procedures (Table  22.2). Accordingly, the name of the organization was 
changed on August 15, 2007, from ASBS to the American Society for Metabolic 
and Bariatric Surgery (ASMBS). In Europe, the International Federation for the 
Surgery of Obesity and Metabolic Disorders (IFSO) made a similar decision in 
choosing its name.

This chapter will review bariatric operations for the management of obesity, and 
other nonpharmacological interventions which are currently available or in develop-
ment to treat patients with overweight, obesity, and adiposopathy.

Table 22.1 (continued)

Year Procedure Author

1986 Adjustable silastic gastric band Kuzmak
1986 Biliopancreatic diversion with duodenal switch Hess
1987 Vertical gastric stapling with Roux-en-Y gastro-jejunostomy with 

long biliopancreatic limb
Torres and Oca

1988 Sleeve gastrectomy Hess
1988 End-to-end jejuno-ileostomy with ileo-gastrostomy Cleator and Courlay
1991 Vertical gastric division with interposed Roux-en-Y gastro- 

jejunostomy and proximal silastic ring
Fobi

1993 Duodenal switch with cross-stapling of the duodenum Marceau
1993 Laparoscopic vertical banded gastroplasty Hess and Hess
1993 Laparoscopic nonadjustable gastric band Broadbent
1993 Laparoscopic adjustable gastric band Belachew//Forsell
1993 Laparoscopic Roux-en-Y gastric bypass Wittgrove and Clark
1997 One anastomosis gastric bypass/mini gastric bypass Rutledge
1998 Duodenal switch with division of the duodenum Hess and Hess
1999 Laparoscopic biliopancreatic diversion with duodenal switch Gagner
1999 Laparoscopic vertical sleeve gastrectomy (as the first stage 

to subsequent Roux-en-Y gastric bypass for extreme body 
mass index)

Gagner
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22.2  Bariatric Operations for Management of Obesity

Bariatric procedures achieve weight loss by causing intestinal malabsorption, 
restricting gastric capacity to produce fullness, or a combination of both. In addition 
to changing nutrient volumes and absorption, each procedure brings about changes 
in the signaling system that regulates energy balance, favoring weight loss. In the 
sections that follow, some of the bariatric procedures will be discussed. With the 
advent of laparoscopy and flexible endoscopy, and refinements in surgery derived 
from them, there are additional procedures available to manage obesity with signifi-
cantly decreased morbidity. The bariatric and metabolic surgery procedures avail-
able, recently in disfavor, or in development, as of 2016 include:

• Adjustable gastric band (AGB)
• Biliopancreatic diversion (BPD)
• Biliopancreatic diversion with duodenal switch (BPD-DS)
• Duodenojejunal bypass (DJB)
• Loop Duodeno-jejunal bypass with sleeve gastrectomy (LDJB-SG)
• Endoluminal sleeves (ES; duodeno-jejunal bypass sleeve and gastro-duodeno- 

jejunal bypass sleeve)

Table 22.2 Outcomes of bariatric surgery on some obesity comorbidities

Obesity-related condition Outcome after bariatric surgery

Asthma 69–82% improved
Cardiovascular disease 82% risk reduction
Depression 47–55% reduced
Diabetes mellitus, type 2 82–98% resolved
Dyslipidemia 63% resolved
Dysmetabolic syndrome 80% resolved
Gastroesophageal reflux disease 72–98% resolved
Gout 72–77% resolved
Hirsutism in women 75–79% resolution
Hypertension 52–92% resolved
Migraine headaches 57% resolved
Mortality from obesity-related cancers 60% reduction
Mortality from diabetes mellitus, type 2 92% reduction
Mortality from heart disease 56% reduction
Mortality, overall, 5–7 years 40–89% reduction
Nonalcoholic fatty liver disease 37% resolution
Obstructive sleep apnea 74–98% resolved
Osteoarthritis 41–76% resolved
Polycystic ovarian syndrome 100% resolution of menstrual irregularity
Pseudotumor cerebri 84–96% resolved
Quality of life 95% of patients improved
Urinary stress incontinence 44–88% resolved
Venous stasis dermatitis 95% resolution of stasis ulcerations
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• Intragastric balloons (IGB)
• Jejunoileal bypass (JIB)
• Mini gastric bypass (MGB)
• One anastomosis gastric bypass (OAGB)
• Percutaneous gastrostomy (PG)
• Roux-en-Y gastric bypass (RYGB)
• Single anastomosis duodeno-ileostomy (SADI)
• Single anastomosis gastro-ileostomy (SAGI)
• Single anastomosis sleeve ileostomy (SASI)
• Stomach intestinal pylorus sparing surgery (SIPS)
• Transoral gastroplasty (TOGA)
• Vertical banded gastroplasty (VBG)
• Vertical sleeve gastrectomy (VSG)

Most bariatric surgery is now done with laparoscopy, and procedures that once 
were designed for open laparotomy are now done with minimal trauma and short-
ened hospital stays.

The American Association of Clinical Endocrinologists and the ASMBS have 
produced clinical practice guidelines for the evaluation and management of patients 
who undergo bariatric surgery. The guidelines are updated periodically. The criteria 
for referral to bariatric surgery have changed over time and will likely continue to 
change in the future. Any patient with a body mass index (BMI) of 40 kilograms/
meter2 (kg/m2) should be referred for weight loss surgery if refractory to medical 
nutrition therapy, lifestyle changes to increase physical activity, and pharmacother-
apy. Patients with a BMI of 35 kg/m2 and two or more metabolic complications of 
obesity may be considered for a weight loss procedure.

22.2.1  Malabsorptive Procedures

22.2.1.1  JIB

JIB involved dividing the proximal jejunum at a length of 30–45 cm. The proximal 
end of the jejunum was anastomosed, end-to-side or end-to-end, to the terminal 10 cm 
of the ileum. The distal end of the jejunum became a blind loop. Severe malabsorption 
caused rapid weight loss (Fig. 22.1). Patients who weighed over 345 pounds at the 
time of surgery lost a mean of 127 pounds at the end of 1 year of surgery.

The severe malnutrition caused by JIB required reversal of the procedure or con-
version to a different bariatric procedure frequently. Additionally, bacterial over-
growth in the excluded blind loop caused the arthritis-dermatitis syndrome, thought 
to be an immune complex-mediated process related to bypass enteritis. After more 
than 10 years, 19% of patients had severe irreversible complications that outweighed 
the benefit of the procedure, including hepatic fibrosis.

JIB was abandoned, and most patients who had this procedure have died or had 
the procedure reversed. However, there are still patients who may present with 
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advanced liver disease, a history or renal lithiasis, progressive kidney failure, 
 arthritis, chronic diarrhea, fatigue, and joint pain. A history of weight loss surgery 
in the 1960s or 1970s should prompt consideration of having had JIB.

22.2.1.2  PG Device

A percutaneous gastrostomy device to treat obesity is marketed with the name of 
Aspire Assist® (Fig. 22.2). In the phase 1 trial with this device, there was 18.6% 
weight loss in 1 year. There were no adverse effects on eating behavior. There was 
no compensation for aspirated calories. Patients did not experience binge eating.

In the registration trial for Aspire Assist®, 207 patients with class 2 or higher 
obesity were randomized to lifestyle counseling alone or lifestyle counseling and 
treatment with the device. At 52 weeks, the average weight loss was 12.1% of entry 
total body weight, or 31.5% of excess body weight. At the end of the study, 58.6% 
of patients using the device had lost at least 25% of their excess body weight. This 
compares to 15.3% of patients who did not use the device. In the registration trial, 
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Fig. 22.1 Jejunoileal bypass. Jejunoileal bypass was abandoned because complications out-
weighed benefits. Twenty-five percent of patients developed mild hepatic dysfunction, 5% of 
patients developed full-blown cirrhosis, and 1–2% of patients ended with liver failure. Most 
patients developed chronic diarrhea with anal burning, electrolyte abnormalities, dehydration, and 
a low quality of life. Protein depletion, calcium malabsorption, renal lithiasis, cholelithiasis, and 
vitamin B12 deficiency developed frequently. Only one-third of patients had a benign course. 
(Copyright Minnesota Center for Obesity, Metabolism and Endocrinology, PA (MNCOME))
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abdominal pain in the perioperative period and periostomal granulation in the 
 postoperative period were the most common side effects, each affecting over 40% 
of patients. Serious adverse events occurred in 3.6% of patients, including peritoni-
tis, severe abdominal pain after the tube placement, and abdominal pain from a 
prepyloric ulcer 53 weeks after tube placement from friction with the intragastric 
portion of the tube.

22.2.1.3  ES

The Valentx ES and EndoBarrier® by GI Dynamics are under development for the 
treatment of obesity. As of 2017, neither is available in the US market.

The ES are made of polymer material that is impervious to moisture or acidity. 
They are delivered into the stomach with endoscopy. They each have unique ways 
of getting anchored to the mucosa in a circumferential attachment. The Valentx ES 
is designed to be anchored at the esophago-gastric junction. EndoBarrier® is 
designed to be anchored in the duodenal bulb. The sleeves create an inner passage 
within the stomach or intestine—a lumen within a lumen.

When food enters the stomach, it is exposed to the normal gastric digestive pro-
cesses with EndoBarrier®. With the Valentx ES, food enters the inner channel 
before exposure to the gastric digestive processes. Upon entering the duodenum, 
food enters the inner lumen of the EndoBarrier®, and it continues within the lumen 
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Fig. 22.2 Percutaneous gastrostomy device. The Aspire Assist System® is a weight loss device 
that comprises an endoscopically placed percutaneous gastrostomy tube and an external device to 
facilitate drainage of about 30% of the calories consumed in a meal. (Copyright Minnesota Center 
for Obesity, Metabolism and Endocrinology, PA (MNCOME))
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of the ValenTx ES. Food does not come into contact with bile or pancreatic digestive 
enzymes. The length of the inner sleeves may be varied, but the design is to bypass 
the duodenum and jejunum. The common channel begins at the end of the sleeve 
and may be changed depending on individual need (Fig. 22.3).

Both companies have generated preliminary results documenting effective 
weight loss, with improvements in metabolism. The benefits of this approach are 
that it does not alter normal gastrointestinal anatomy, that malabsorption is revers-
ible by removing the sleeve, and that it may be safely redeployed. The technical 
challenge is to anchor the sleeves without incurring damage to the structures they 
become attached to.

22.2.2  Restrictive Procedures

22.2.2.1  VBG (Stomach Stapling)

Mason developed VBG in 1980. A small vertical pouch is created by stapling the 
stomach. The pouch is separated from the fundus of the stomach by the staple line. 
The pouch size is less than 50 ml. The pouch outlet is reinforced by a narrow band 
of polypropylene mesh passed through a circular window, also created by stapling. 
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Fig. 22.3 Endoluminal sleeves. There are two endoluminal sleeves under investigation for the 
treatment of obesity. EndoBarrier® by GI Dynamics and the Valentx sleeve. Both are inserted with 
upper endoscopy and are anchored to the mucosa creating a false lumen. The ValenTx endoluminal 
sleeve anchors at the esophago-gastric junction. The EndoBarrier® anchors at the pyloric junction. 
The red circles highlight the attachment sites. Food is delivered in the ileum where it finally comes 
into contact with the digestive juices. This results in malabsorption of nutrients with weight loss. 
(Copyright Minnesota Center for Obesity, Metabolism and Endocrinology, PA (MNCOME))
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The stomach pouch has a 1-cm diameter exit. The pouch limits the amount of food 
that may be ingested. The narrow exit slows passage of food onto the remainder of 
the stomach (Fig. 22.4).

VBG preserves the pyloric sphincter, and there is no dumping syndrome (rapid 
gastric emptying). VBG does not have a risk of ulcers, anemia, or malnutrition. 
Weight loss with VBG is less sustained than with malabsorptive procedures. Eighty 
percent of VBG patients achieve some degree of weight loss and 30% of VBG 
patients achieve normal weight. Ten years after surgery, only 10% of patients main-
tain weight loss of at least 50% of their total excess weight at the time of their initial 
surgery. Most patients regain weight.

The disadvantages of this procedure are that patients must adhere to their meal 
plan, which, for most, is impossible to continue over time. The band creates a 
fixed diameter exit and cannot be adjusted. Foods high in fiber or with a denser 
consistency are difficult to eat, and patients may experience emesis and severe 
epigastric pain if the food bolus was not properly chewed. Rapid ingestion of food 
also results in these symptoms. Highly refined foods, on the other hand are easy 
to eat. Weight regain comes from a shift to foods easier to eat. When needed, 
reversal of a VBG is complex. The polyurethane bands used in the 1980s and 
1990s created scarring, which makes the takedown procedure more difficult. And 
removal of the staple lines makes it impossible to return the stomach to its native 
anatomy. High revision rates and conversions of VBG to RYGB made ongoing 
use of VBG less desirable.

Other complications of VBG include disruption of the staple line, stomal fibro-
sis, gastroesophageal reflux, and incisional ventral hernia.
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Fig. 22.4 Vertical banded 
gastroplasty. The stomach 
is partially divided by 
stapling. A nonadjustable 
band is placed around the 
stomach inlet. The 
resulting stomach pouch 
restricts intake. The pouch 
outlet is 1 cm in diameter, 
further restricting the 
passage of food into the 
rest of the stomach and the 
intestines. (Copyright 
Minnesota Center for 
Obesity, Metabolism and 
Endocrinology, PA 
(MNCOME))
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22.2.2.2  AGB

The application of an external band around the stomach (gastric banding) was first 
done in 1978 by Wilkinson. This was a nonadjustable 2-cm wide strip of Marlex 
mesh placed around the upper third of the stomach. Various versions of gastric 
banding are reported in the literature. Slippage of the stomach was common, and 
band erosions and strictures led to intractable vomiting, severe food intolerances, 
and dilatation of the esophagus. The proximal pouch would gradually dilate, and 
weight regain frequently happened.

In 1985, Hallberg and Forsell first described the use of an inflatable gastric band 
in humans. In 1986, Kuzmak published his early experience with an inflatable band, 
which allowed for adjustments of the diameter of the stomach outlet. Weight loss 
was better, and complications were reduced, using the adjustable gastric band, com-
pared to the nonadjustable bands used earlier.

Kuzmak’s band was commercialized as the LAP-BAND® system and became 
available in the United States in 2001. The Forsell Swedish Adjustable Gastric Band 
became available for clinical use in the United States in 2007 and came to market as 
the Realize Band®.

AGB reduces the stomach inlet and achieves an average 50% excess weight loss 
(EWL). It takes 2–3 years to achieve this weight loss, compared to 12–18 months 
with other bariatric procedures. Patients require close follow-up and adjustments of 
the band’s inner diameter based on patient’s weights and symptoms (Fig. 22.5).

AGB have a reoperation rate of 5% per year. The main complication of AGB is 
band slippage and cephalad gastric prolapse through the band. This prolapse leads 
to gastric obstruction or proximal gastric pouch dilatation. Refinement of surgical 
techniques has made this problem less prevalent. Band erosion, esophageal dilata-
tion, and malfunction of the reservoir or tubing are other complications of AGB.
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Fig. 22.5 Adjustable 
gastric banding. The 
adjustable band placed 
around the upper stomach 
allows for its inner 
diameter to be adjusted by 
adding or subtracting 
volume through the 
subcutaneous port. 
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22.2.2.3  VSG and LVSG

VSG evolved from prior procedures. In 1976, Tretbar described an extension of the 
fundoplication (for the treatment of acid reflux) that created a tubular structure in 
the stomach. Weight loss was observed after this procedure (Fig. 22.6).

Hess used this concept of a tubular stomach and modified it from an extended 
plication to an actual longitudinal or vertical gastrectomy. He performed the first 
open sleeve gastrectomy in March 1988, as a part of BPD-DS.

In 1999, the first laparoscopic approach to the BPD-DS was developed. Gagner 
implemented the laparoscopic BPD-DS in humans but noted a high complication 
rate in patients with a higher BMI. He subsequently developed the technique of 
staging the intestinal bypass procedure by performing the laparoscopic vertical 
sleeve gastrectomy (LVSG) first, as an initial stage. From 2001 to 2003, seven 
patients with a BMI of 58–71 kg/m2 underwent a first-stage LVSG. The average 
EWL was 37 kg (33% EWL), and this allowed for a safer second stage. These pre-
liminary results quickly popularized LVSG as a safer laparoscopic option for the 
higher BMI group.

Many of the patients who had lost enough weight with the LVSG did not require 
a secondary procedure. LVSG as a standalone procedure gained popularity over the 
past decade. LVSG is technically less demanding than RYGB or BPD-DS, is associ-
ated with minimal morbidity, avoids the use of foreign material like the VBG or 
gastric band, and has fewer long-term problems. At 5 years, the EWL is between 
33% and 85%. Weight regain or insufficient weight loss is the cause for conversion 
from LVSG to RYGB or BPD-DS.

LVSG can cause staple line leaks and strictures. Leaks may not heal spontane-
ously since the remaining gastric tube operates at high pressure.
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Fig. 22.6 Gastric sleeve. 
Excision of the stomach 
vertically results in a 
narrow gastric passage 
(green arrow) with 
preservation of the lower 
esophageal and pyloric 
sphincters. (Copyright 
Minnesota Center for 
Obesity, Metabolism and 
Endocrinology, PA 
(MNCOME))
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22.2.2.4  IGB

In 1985, the Garren-Edwards Gastric Bubble was approved by the US Food and 
Drug Administration (FDA) for temporary use as a weight loss device. Significant 
complications and limited weight loss, especially when compared to bariatric sur-
gery procedures, led to discontinuation of the bubble in 1988 and FDA withdrawal of 
approval in 1992.

The concept that occupying volume within the stomach restricts food intake was 
not abandoned, and there are now three IGB for commercial use in the United States 
(Fig. 22.7). In 2015, the Food and Drug Administration approved the ReShape® 
Duo Integrated Dual Balloon System and the ORBERA® gastric balloon for clini-
cal use. These balloons are placed endoscopically, inflated with saline, and left in 
place in the stomach for up to 6 months.

With the ReShape® Balloon, there was a 14.3-pound weight loss (6.8% of total 
body weight) at 6 months. At 12 months, the patients kept off 9.9 pounds. With the 
Orbera® IGB, the US pivotal study demonstrated an average EWL of 38.4% at 
6 months. Worldwide, there are over 277,000 placements.

The Obalon Balloon System® is a swallowed (does not require endoscopy) 
intragastric balloon system approved for up to 6 months of use for weight loss. It is 
for adults with BMI of 30–40 kg/m2 who have failed to lose weight through nutri-
tional and physical activity interventions. In the US registration trial, done at 15 
sites, two-thirds of patients had meaningful weight loss and 89% of weight loss was 
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Fig. 22.7 Intragastric balloons. As of 2017, there are three intragastric balloon systems available 
for use in the United States. (Copyright Minnesota Center for Obesity, Metabolism and 
Endocrinology, PA (MNCOME))
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kept off for 6 months after the removal of the balloons. There was a serious adverse 
device event rate of 0.3% (n = 1/336). One, two, or three balloons may be in the 
stomach at a time. Figure 22.7 summarizes the three IGB options.

For all IGBs, the common adverse events are abdominal pain and nausea. 
Gastritis, ulceration, early retrieval, gastroesophageal reflux, vomiting, bowel 
obstruction, severe dehydration, renal insufficiency, and cardiac arrhythmia have all 
been documented at a level below 1% in association with IGB use.

The FDA has issued two warnings regarding IGB. There are reports of pancreati-
tis and hyperinflation. The rate of pancreatitis was reported as 0.07–0.1%. 
Hyperinflation, the spontaneous increases in the size of IGB, occurred at a rate of 
0.02% and 0.04%.

There have been four deaths of patients with IGB in the United States since 2015. 
This rate of four in an estimated 10,651 implants gives a mortality rate of 0.037%. 
They were associated with esophageal or gastric perforation.

22.2.2.5  Gastric Plication and TOGA

Gastric plication surgery is also called laparoscopic greater curvature plication, gas-
tric imbrication, and pseudo sleeve surgery. The result is similar to that of a VSG, 
with significant restriction of the stomach volume. In gastric plication, the stomach 
is sown on itself rather than being resected. Gastric plication has the benefit of 
meaningful weight loss without removing part of the stomach or rearranging the 
small intestine. It results in less weight loss and health benefits than the more estab-
lished VSG, RYGB, BPD-DS, and AGB procedures.

TOGA research and development was halted indefinitely because in clinical tri-
als the procedure did not reach set targets. Further, the company that makes the 
TOGA system, Satiety, Inc., faced a lawsuit from a patient who suffered an esopha-
geal rupture during the procedure, which dampened enthusiasm for the concept. 
The transoral approach to gastric surgery remains a focus of clinical interest.

22.2.3  Mixed Procedures

22.2.3.1  BPD

In a BPD procedure, the distal two-thirds of the stomach are excised, and the proxi-
mal one third remains as a stomach pouch. There is restriction of stomach volume, 
but the pouch still allows for food to enter the stomach unrestricted. The stomach 
pouch is anastomosed side to end directly to the final segment of the ileum, com-
pletely bypassing the duodenum, jejunum, and proximal ileum. A common channel 
remains, in which bile and pancreatic digestive juices mix prior to entering the 
colon. Weight loss occurs since most of the calories and nutrients are routed into the 
colon where they are not absorbed (Fig. 22.8).
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In a historical review of 2241 patients, EWL after 1 year averages 75%, most 
patients maintain the lost weight off over 21 years, there is 98% remission of diabe-
tes 10 years after surgery, and both hypertension and dyslipidemia improve.

BPD causes long-term diarrhea, anemia, protein malnutrition (in 30% of 
patients), dumping syndrome, peripheral neuropathy, Wernicke’s encephalopathy, 
and osteoporosis (calcium malabsorption). This procedure is not done any more 
because of the need for long-term nutritional follow-up.

22.2.3.2  BPD-DS, SADI, and SIPS

BPD-DS is a modification of the BPD procedure. In BPD-DS, the greater curvature 
of the stomach is excised with a longitudinal cut. The entire lesser curvature 
remains, and the pylorus is preserved. The duodenum is transected distal to the 
pylorus but proximal to the sphincter of Odi. The distal portion of the duodenum is 
turned into a blind loop, which takes the secretions of the biliary tree and pancreas 
and carries them distally. The proximal portion of the duodenum is anastomosed 
end-to-end to the distal ileum. The pancreas and biliary tree still drain normally 
into the duodenum. Digestive juices do join meals in a common channel at the 
distal ileum. In BPD-DS, preservation of the pylorus and the first portion of the 
duodenum helped solve the problem of dumping symptoms and marginal ulcers 
seen with the BPD (Fig. 22.9).

All patients who undergo a BPD-DS are required to take supplemental vitamins 
and minerals to compensate for the malabsorption. Anemia and osteoporosis com-
monly develop over time. Despite supplementation, in around 2% of patients, severe 
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malabsorption develops. This causes nutritional deficiencies which require reversal 
of the procedure. Gallstone formation is common with rapid weight loss. If a 
 prophylactic cholecystectomy is not done, ursodeoxycholic acid should be pre-
scribed to decrease the risk of gallstones.

In 2007, Torres developed the loop technique, which reduced two anastomoses 
down to one and bypassed less of the intestine. This became known as the SADI 
procedure. The SADI procedure is safer than the BPD-DS, with less risk of malnu-
trition, diarrhea, and vitamin deficiencies.

Roslin Cottam refined the technique further, creating the SIPS procedure. The 
SIPS procedure bypasses the intestine even less, decreasing the potential for long- 
term problems even more.

SADI and SIPS are useful for patients who have had a prior VSG with inade-
quate weight loss, or weight regain. In the past, these patients had a conversion to a 
standard RYGB. The SADI and SIPS procedures allow for further weight loss with-
out undue risk of nutritional deficiencies.

22.2.3.3  RYGB, MGB, OAGB, SAGI, and SASI

The first gastric bypass surgery was performed by Ito and Mason at the University of 
Iowa in 1967. The current RYGB represents an evolution over time (Fig. 22.10). 
RYGB completely bypasses the stomach and duodenum. The stomach is divided 
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close to the lower esophageal sphincter, isolating the cardia and leaving enough tis-
sue to create an anastomosis. A very small upper pouch is created, and a much larger 
lower “remnant” remains. The small intestine is divided and the distal end is advanced 
upward to connect to the upper gastric pouch, creating an alimentary channel. The 
stomach, pancreas, and biliary tree drain normally into the duodenum and the jeju-
num, proximal to the transection. This biliopancreatic channel is then anastomosed 
end to side to the small intestine. From this anastomosis site, where the biliopancre-
atic and alimentary channels join, there is a common or digestive channel.

There are several versions of the RYGB procedure. The most common, the prox-
imal RYGB is done by dividing the jejunum 45 cm below the stomach outlet. The 
Roux (distal) limb of the intestine is advanced upward to make an anastomosis with 
the small upper gastric pouch. The Y-intersection is formed at the upper end of the 
small intestine by an anastomosis to the proximal end of the jejunum to the distal 
jejunum or ileum. The procedure accomplishes:

• Isolation of the gastric cardia
• Exclusion of the distal stomach
• Exclusion of the duodenum and proximal jejunum
• Exposure of the distal jejunum to undigested food
• Partial vagotomy (performed during the transection of the stomach)
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The Y-intersection can be placed anywhere along the length of the small intestine, 
distal to the division of the duodenum. The more distal along the small intestine that 
the Y-intersecion is placed, the lower the surface area to absorb nutrients. More distal 
Y-intersection placement produces greater degrees of weight loss but higher risks of 
malabsorption. In the distal RYGB, the Y-connection is formed much closer to the 
distal end of the small intestine, usually 100–150 cm from the ilio-colic valve. Fat 
and carbohydrate malabsorption reduces caloric intake. Various minerals and the fat-
soluble vitamins are not adequately absorbed either. The unabsorbed food passes into 
the large intestine where it is exposed to the bacterial flora of the colon. Irritants and 
malodorous gases are frequently a consequence of this. These larger effects on nutri-
tion are traded for a relatively modest increase in total weight loss.

The first laparoscopic RYGB (LRYGB) was done in 1994 by Wittgrove. Most 
RYGB is now done with laparoscopy. Laparoscopy also brought the opportunity to 
modify the original RYGB.

MGB was developed by Rutledge as a modification of the Billroth II procedure 
and introduced in 1997. The stomach is divided longitudinally along the lesser cur-
vature to create a vertical gastric passage. As opposed to a VSG, the vertical gastric 
passage is disconnected from the pylorus. The bypassed stomach is what remains 
attached to the pylorus instead. A 3-cm wide antecolic end-to-side gastro- jejunostomy 
is performed 200-cm distal to the ligament of Treitz. The anastomosis may be placed 
further distal, at 250 cm, for patients with an extreme BMI (Fig. 22.11).

Mini gastric bypass

Bypassed
stomach

Bypassed
stomach

Gastro-
jejunostomy

Gastro-
jejunostomy

JejunumBypassed
duodenum

Bypassed
duodenum

New
stomach

One anastomosis gastric bypass

© MNCOME

Fig. 22.11 Mini gastric bypass and one anastomosis gastric bypass. In both of these procedures, 
a gastric passage is created. The bypassed stomach remains in continuity with the pylorus. 
A gastro- jejunostomy is done. In mini gastric bypass, the anastomosis is done end to side. In one 
anastomosis gastric bypass, the anastomosis is done side to side. (Copyright Minnesota Center for 
Obesity, Metabolism and Endocrinology, PA (MNCOME))
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In 2002, Carbajo introduced OAGB. In this procedure, there is an antecolic side- 
to- side anastomosis of the jejunum in the biliopancreatic limb to the gastric pouch. 
This facilitates emptying of the biliopancreatic juice toward the efferent limb and 
prevents reflux. The common limb must always be 300 cm to prevent any malab-
sorption (Fig. 22.11).

SAGI and SASI are laparoscopic procedures, which also modify the RYGB. SAGI 
was introduced in 2016 by De Luca. In OAGB, the measurement of the afferent 
limb starting at the ligament of Treitz may result in insufficient absorptive surface 
of the intestine of the remaining efferent limb. SAGI addresses this concern by con-
structing the gastrointestinal anastomosis at a fixed distance from the ileocecal 
valve (i.e., 300 cm).

SASI was introduced by Santoro in 2006. In the initial publication, the term 
“digestive adaptation with intestinal reserve” was used. In a second publication, the 
procedure was referred to as “sleeve gastrectomy with transit bipartition.” SASI 
involves a sleeve gastrectomy followed by a side-to-side gastro-ileal anastomosis. In 
SASI, there is dual gastric emptying, both through the normal pyloric channel and 
through the gastro-ileal anastomosis (bipartition). In SASI, nutrient transit is main-
tained in the duodenum, avoiding blind loops and minimizing malabsorption. A lat-
eral enteroanastomosis connects both segments at 80 cm proximal to the cecum.

Data from 33,117 RYGB operations done in 106 US Centers of Excellence docu-
ments a 0.11% mortality rate within 30 days of the procedure (364 deaths). The 
90-day mortality rate is 0.3%. Short-term complications of surgery include infec-
tion, venous thromboembolic disease, hemorrhage, development of ventral or intra- 
abdominal hernias, and bowel obstruction. Additionally, anastomotic leaks, 
strictures, and ulcers may develop.

Nutritional deficiencies after gastric bypass occur in 30% of patients. Malabsorption 
of the fat-soluble vitamins A, D, E, and K, and vitamin B12, are quite common. Iron- 
deficiency anemia and calcium malabsorption often occur after gastric bypass proce-
dures. Therefore, life-long oral supplementation of iron, vitamin B12, folate, and 
calcium are recommended to avoid specific nutrient deficiencies.

Other late complications of RYGB include dumping syndrome, since food passes 
directly into the small intestine, food intolerance, failure to lose weight, need for 
reoperation, and esophageal dilatation.

22.2.3.4  Bariatric and Metabolic Surgeries and Changes in Metabolism

As of 2016, worldwide bariatric and metabolic surgery utilization broke down as:

• 48% for VSG
• 42% for RYGB
• 8% for AGB
• 2% for BPD-DS

The effects of these procedures are summarized in Tables 22.3 and 22.4.
Bariatric surgical procedures are superior to intensive medical management in 

achieving long-term glycemic control and in meeting lipid and blood pressure goals. 
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Table 22.3 Characteristics of surgical procedures for the treatment of obesity

Malabsorptive 
Procedures Restrictive Procedures Mixed Procedures

Biliopancreatic 
diversion

Adjustable 
gastric 
banding

Vertical sleeve 
gastrectomy

Roux en-Y gastric 
bypass

Benefit Rapid improvement 
in glucose 
regulation
Weight- 
independent effects 
on glucose 
regulation are the 
greatest

No 
anastomosis
No nutritional 
deficiencies
Potentially 
reversible

Weight- 
independent 
effect on 
glucose
Endoscopic 
surveillance is 
possible
Nutritional 
deficiencies 
uncommon

Rapid improvement 
in glucose 
regulation
Weight- 
independent effects 
on glucose 
regulation are the 
greatest

Immediate 
complications

Anastomotic leak
Anastomotic ulcer
Gastro- 
gastrointestinal 
stenosis
Gastro-jejunal 
stenosis
Internal hernia

Band erosion
Band 
infection
Band slippage
Esophageal 
dilatation
Esophagitis
GERD
Port infections
Stomal 
obstruction

Gastric leaks
GERD (severe, 
recurrent)
Intraoperative 
bleeding

Anastomotic leak
Anastomotic ulcer
Gastric remnant 
distention
Gastro- 
gastrointestinal 
stenosis
Gastro-jejunal 
stenosis
Internal hernia

Long-term 
complications

Fat malabsorption
Hypoglycemia
Kidney stones
Nutrient 
deficiencies
Osteoporosis
Renal failure

Dysmotility
Ineffective for 
weight loss
Reoperation 
rate is high

Vitamin B12 
deficiency
Weight regain

Gallstones
Hypoglycemia
Micronutrient 
deficiency
Ventral hernia
Weight regain

Contraindications Cirrhosis, class C
Need for 
surveillance 
endoscopy
Portal hypertension 
with varices

Previous 
weight loss 
surgery
Portal 
hypertension 
with varices
Chronic 
steroid use

Portal 
hypertension 
with varices
Severe GERD

Cirrhosis, class C
Portal hypertension 
with varices

Reversal or
Revision for failure 
(highest percent)

5.7% 24% 1.5% 35%

Excess weight loss 76% 44% 66% 50%
BMI change −18 −7.1 −10.9 −16.7

BMI body mass index, GERD gastroesophageal reflux disease
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Table 22.4 Changes in metabolic parameters with the bariatric procedures most commonly done

Malabsorptive 
Procedures Restrictive Procedures

Mixed 
Procedures

Biliopancreatic 
diversion duodenal 
switch

Adjustable 
gastric 
banding

Vertical sleeve 
gastrectomy

Roux en-Y 
gastric bypass

Excess weight loss 82% 44% 66% 50%
Mean weight loss 30–40% 15–30% 20–30% 25–35%
BMI change −18 −7.1 −10.9 −16.7
Sleep apnea 
remission

98% 45% 80% 76%

Diabetes remission 98% 59% 81% 78%
Dyslipidemia 
remission

99% 36% 67% 61%

Hypertension 
remission

83% 56% 78% 66%

Hunger n/a n/a n/a ↓
Satiety n/a n/a n/a ↑
Food intake n/a ↓ ↓ ↓
Sweet preference n/a n/a ↓ ↓
Fat preference n/a n/a ↓ ↓
Energy expenditure n/a ↓ ↓ ↑
Gastric emptying → → ↑ ↑
Bile acids ↑ →↑ →↑ ↑
Gut microbiome Altered Altered Altered Altered
Ghrelin ↓↓ ↓→↑ ↓↓ ↓→↑
Glucagon-like 
peptide-1

↑ →↓ ↑ ↑

Peptide YY ↑ ↑ ↑ ↑
Oxyntomodulin ↑ → ↑ ↑
GIP ↓ → →↑ ↓→↑
Cholecystokinin n/a n/a → →
Pancreatic 
polypeptide

↓ → → →

Amylin n/a → → ↓
Glucagon secretion ↑ n/a n/a ↓→↑
Postprandial insulin 
secretion

↑ →↓ ↑ →↓

Hepatic insulin 
sensitivity

↑ ↑ ↑ ↑

Muscle insulin 
sensitivity

↑ ↑ ↑ ↑

Plasma glucose ↓ ↓ ↓ ↓
Hemoglobin A1C ↓3.8% ↓1.8% ↓2.9 ↓2.9%
Glucose effect Weight-independent Weight- 

dependent
Weight- 
independent

Weight- 
independent

Triglycerides ↓ ↓ ↓ ↓

J. M. Gonzalez-Campoy



433

Bariatric surgery is also effective in preventing type 2 diabetes mellitus, as demon-
strated in the Swedish Obesity Subjects Study.

In addition to this, the risk of death is decreased by bariatric surgery. In the 
Veteran’s Affairs system, retrospectively analyzed data documented that at the end 
of the 14-year study period, there were a total of 263 deaths in the surgical group 
(mean follow-up, 6.9 years) and 1277 deaths in the matched control group (mean 
follow-up, 6.6 years). This corroborates previous observations of decreased mortal-
ity with bariatric surgery.

Adiposity is the accumulation of fat mass (poundage). Adiposopathy is the 
derangement of adipose tissue function and structure that develops with the accrual 
of excess fat mass. Bariatric surgery is an effective treatment of both adiposity and 
adiposopathy.

Leptin levels are directly proportional to fat mass. Adiponectin levels are 
inversely proportional to fat mass. The leptin-to-adiponectin ratio (see Chap. 3 in 
this textbook) is a reflection of adipose tissue health. A low leptin-to-adiponectin 
ratio implies good adipose tissue health and function. A high leptin-to-adiponectin 
ratio implies adiposopathy has developed. Trending the leptin-to-adiponectin ratio 
of an individual patient over time allows for an assessment of adipose tissue health 
longitudinally. All bariatric procedures lower leptin and raise adiponectin levels 
over time—they lower the leptin-to-adiponectin ratio. Thus, all bariatric procedures 
treat adiposopathy.

22.3  Other Interventions for Management of Obesity

In addition to gastrointestinal procedures to achieve weight loss, the traditional bar-
iatric surgical procedures, there are now several alternatives. As a group, these inter-
ventions are new to the market, and the volume of data on each of them is modest.

Table 22.4 (continued)

Malabsorptive 
Procedures Restrictive Procedures

Mixed 
Procedures

Biliopancreatic 
diversion duodenal 
switch

Adjustable 
gastric 
banding

Vertical sleeve 
gastrectomy

Roux en-Y 
gastric bypass

LDL-C ↓ ↓↑ ↓ ↓
HDL-C → → ↑ ↑
Resistin n/a ↑ ↓ →
Leptin ↓ ↓ ↓ ↓
Adiponectin ↑ ↑ → ↑
Leptin-to- 
adiponectin ratio

↓ ↓ ↓ ↓

Multiple arrows denote equivocal data
BMI body mass index, GIP glucose-dependent insulinotropic polypeptide, HDL-C high-density 
lipoprotein–cholesterol, LDL-C low-density lipoprotein–cholelsterol, n/a no data available
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22.3.1  Gastric Electrical Stimulation (GES)

The idea that GES may help weight loss has not translated into a useful clinical 
application. GES for the treatment of obesity should induce satiety by modulation 
of the gut-brain neural axis. With GES, behavior modification could be facilitated to 
overcome problems with nonadherence. GES has a low surgical risk and has the 
advantage of allowing for adjustments to the pacer device on demand.

Transneuronix, Inc., a Mount Arlington, New Jersey company, was founded in 
1995. Transneuronix developed the TRANScend® implantable gastric stimulator 
(IGS). The first study of GES for the treatment of obesity in humans occurred in 
2002 and used the TRANScend IGS. By 2006, there were open-label studies of over 
300 patients treated with GES. At >12 months, on average, there was a loss of 20% 
of EWL in these patients.

The Screened Health Assessment and Pacer Evaluation (SHAPE) trial was 
started by Transneuronix in May 2004. It was a US multicenter, double-blind ran-
domized controlled trial of GES, designed to detect the difference in excess weight 
loss between patients who received GES and a placebo group who did not (sham 
treatment). With SHAPE under way, Medtronic acquired Transneuronix in 2005 
and assumed a leadership role in the field. However, in December 2005, Medtronic 
announced that the preliminary results of the SHAPE trial did not meet the efficacy 
endpoint of a difference in mean EWL at 1 year (%EWL: 11.8 ± 17.6 vs. 11.7 ± 16.9, 
respectively). This led to withdrawal of the device.

22.3.1.1  Appetite Suppression Induced by Stimulation Trial (ASSIST)

Early in 2005, Medtronic launched ASSIST, a feasibility trial to determine the 
safety and efficacy of the Medtronic Enterra® IGS for weight loss (Fig. 22.12). 
The study was done in subjects diagnosed with type 2 diabetes with a body mass 
index between 32 and 45 kg/m2 (ClinicalTrials.gov Identifier: NCT00200018). The 
primary objectives of ASSIST were to assess and report the incidence of device-, 
procedure-, and therapy-related adverse events associated with GES for the treat-
ment of obesity in subjects with type 2 diabetes and to demonstrate that subjects 
who receive GES have a minimum mean EWL of 10% and EWL is at least 5% 
more than the mean loss in the control group at 12 months post implant. Secondary 
diabetes control objectives were included in the study. The first subject was 
implanted on June 7, 2005. A total of 25 subjects were implanted during the course 
of the study. The longest duration of follow-up was 22 months. The ASSIST data 
were locked on December 12, 2007. The last subject follow-up visit was conducted 
on April 18, 2007.

The ASSIST study was not powered for hypothesis testing. Neither the control 
(GES current OFF) nor the treatment group (GES current ON) had statistically sig-
nificant percent EWL between baseline and 12 months. The between-group differ-
ence in percent EWL between baseline and 12  months (p  =  0.061) was not 
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statistically significant (Fig. 22.13). The results of this trial were not published in 
the peer-reviewed literature. The device remains in the market and has evolved, but 
it is not used for weight management. The only use for it now is the treatment of 
gastroparesis.

22.3.1.2  GES Devices under Development

Tantalus®, recently renamed Diamond®, and Exilis® are other implantable gastric 
stimulators under development.

The surgical procedure for implantation of Diamond® is more complex than 
Transcend and involves the placement of several electrodes on the stomach. The 
first study with Diamond® was reported in 2006 along with four subsequent stud-
ies. Data are reported on a total of about 100 patients. Outcome measures are vari-
able. There is 20% EWL, or actual weight loss of about 4.5 kg, at 12 months. With 
GES, there is improvement in glycemic control in patients with diabetes. The 
improvements in glycemia are not explained by weight loss, since they begin before 
any significant weight loss may be achieved. Electrical stimulation with Diamond® 
exerts metabolic control, but the mechanism for this is not defined.

ENTERRA® 3116
stimulator

ENTERRA® leads
implanted along
lesser curvature

© MNCOME

Battery

Connector
block

Hermetically
sealed case

Gastric electrical stimulation

Fig. 22.12 GES. The Enterra® implantable gastric stimulator is an example of the stimulators that 
have been used for gastric electrical stimulation. Enterra was originally developed for the treat-
ment of gastroparesis and was used in ASSIST. The leads are implanted into the lesser curvature 
of the stomach. The stimulator pack is placed in the upper abdomen. (Copyright Minnesota Center 
for Obesity, Metabolism and Endocrinology, PA (MNCOME))
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A trial with Exilis® started in March 2013. The trial data have not been reported. 
Altogether, GES for weight loss remains experimental in the United States, but 
commercialization has begun in Europe.

22.3.2  Vagal Blockade

The Maestro® system, from EnteroMedics of St. Paul, Minnesota, consists of a 
rechargeable neuroregulator device implanted into the lateral chest wall. Flexible 
leads from the neuroregulator device are placed laparoscopically around the 
vagus nerve. Electrical pulses act to suppress neural signals, leading to fullness 
and decreasing the drive to feed. The system also includes a mobile charger, a 
transmit coil, and an AC recharger, as well as a laptop computer loaded with 
clinician programmer software and a programmer cable. Clinicians can modify 
therapy parameters and schedules and can obtain diagnostic information through 
the programmer.

The system is indicated for adults with a BMI of 40 kg/m2, or more. Adults with 
a BMI of 35 kg/m2 and at least one obesity-related comorbidity are also eligible.
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% EWL +/–StdErr for ON versus OFF groups at all months

ASSIST – a negative trial

Fig. 22.13 ASSIST – a trial of gastric electrical stimulation. The Appetite Suppression Induced by 
Stimulation Trial (ASSIST) was conducted from June 7, 2005, through April 18, 2007. It used the 
Enterra® implantable gastric stimulator. In this study, gastric stimulation led to weight gain, not 
weight loss. The control group had better glycemic control than the group with gastric electrical 
stimulation. EWL Excess weight loss, StdErr Standard error. (Copyright Minnesota Center for 
Obesity, Metabolism and Endocrinology, PA (MNCOME))
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In the registration trial, called ReCharge, average excess weight loss in patients 
randomly assigned to VBLOC came to 24.4% at 12 months, compared with 15.9% 
for patients randomly assigned to sham implants, for a difference of 8.5%; 52.5% of 
VBLOC patients had excess weight loss of at least 20%; 38.4% had excess weight 
loss of at least 25%.

22.3.3  Gastric Artery Embolization

Gastric anatomy lends itself not only to surgical procedures but also to percutane-
ous radiological interventions for weight loss. The gastric fundus is the major 
source of ghrelin. The arterial supply of the fundus comes mostly from the left 
gastric artery (LGA).

In March 2013, Kipshidze presented data on LGA embolization (LGAE), which 
was performed on five patients in Tbilisi, Georgia. LGAE was done with 300–500 
u particles. Three of the patients had abdominal pain for a few hours after the embo-
lization, but two did not. Six months post-embolization, the BMI decreased from 
43  kg/m2 at baseline to 35  kg/m2. The average weight loss at 6  months was 45 
pounds. Ghrelin levels dropped up to 29% from the baseline. These findings have 
been replicated in a phase 1 US trial on five patients.

22.3.4  Oral Volume Restricting Device

Scientific Intake was founded in 2003. It offers SmartByte®, a noninvasive, clini-
cally validated, medical device to treat overweight and class I (mild) obesity (BMI 
27–35 kg/m2) (Fig. 22.14). The principle behind the device is that restriction of oral 
volume during feeding results in smaller bites, which slows intake, resulting in sati-
ety with less food. Using the device ends gulping and wolfing of food. It allows for 
more appreciation of the taste (savoring), smell, and texture of meals. The device 
gained FDA approval for weight management in the spring of 2017.

Screenings of the upper and lower dentures are made in the office and shipped to 
the company. The company creates an oral device unique to each patient. Each 
SmartByte® device is designed to fit perfectly into the roof of mouth, anchored on 
the back maxillary molars. The device is to be inserted at the beginning of a meal 
and withdrawn at the end of the meal.

Each SmartByte® contains a smart chip within it. The chip senses temperature 
changes and therefore registers usage. Each device comes with a reader which is 
synchronized to the device using bluetooth technology. The reader downloads usage 
data and transfers it to the SmartByte® app which may be downloaded into any 
hand-held device. The app in turn transmits usage data, and weight data entered by 
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the patient, to the company’s cloud. The data are then made available to a personal 
coach hired by the company to support effective behavior modification for each 
patient.

In the registration trial, 76 patients were fitted with their own SmartByte® 
device. They each received individualized video lifestyle instruction. The prespeci-
fied per protocol (PP) population (N = 40) required sensor-verified use of the device 
≥7 times per week for 14 of 16 weeks. The overall device usage rate required from 
each patient was ≥33%. At week 16:

• 12 (30%) achieved ≥5% weight loss
• 16 (40%) achieved ≥4%
• 21 (52.5%) achieved ≥3%.

Week 16 mean loss for the PP population was 2.93%, and among 36 participants 
who did not meet PP criteria, it was 1.45%. Among 76 intent-to-treat subjects, two 
subjects reported three mild-to-moderate device-related adverse events, resolving 
spontaneously (one hard palate abrasion and two tongue lacerations).

The SmartByte® device is the only device for weight loss that does not require 
an invasive procedure.

Personalized coaching

SmartByte® oral device

© MNCOME

Fig. 22.14 SmartByte® Oral Device. The SmartByte® Oral Device is made by Scientific Intake. 
Using the device during meals restricts oral volume, forces smaller bites, prolongs mastication, 
and brings about fullness with less quantities of food. It is the only device approved by the Food 
and Drug Administration in the United States for weight management that does not require an 
actual invasive procedure for deployment. The device is simply inserted into the roof of the mouth 
at the beginning of each meal and removed once the meal is ingested. (Copyright Minnesota Center 
for Obesity, Metabolism and Endocrinology, PA (MNCOME))
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22.4  Cosmetic Plastic Surgery and Body  
Contouring Procedures

Overweight and obesity lead to physical, metabolic, and psychological complica-
tions. When patients successfully lose weight, there almost invariably continues to 
be self-consciousness of the redundant skin. The following procedures are available 
to recontour after weight loss:

• Arm lift (Brachioplasty): Surgery to remove excess hanging skin from the upper arm 
between the elbow and shoulder. The incision is along the posterior aspect of the arm.

• Body lift (Torsoplasty): Surgery to remove and lift sagging skin around the but-
tocks, thighs, hips, and abdomen. It combines a lower body lift (buttocks, thighs, 
and hips) and abdominoplasty into a single procedure. The incision extends around 
the entire body. A total body lift includes the arms, back, and breasts as well.

• Breast lift (Mastopexy) and breast augmentation (augmentation mammoplasty): 
Surgery and body contouring procedure to lift a sagging breast and enhance nat-
ural breast volume. Breast size is often reduced with weight loss since breasts are 
mainly composed of adipose tissue.

• Breast reduction in men (for gynecomastia and lipomastia): Surgery to remove loose 
chest skin and female-like breast contours in men. Incision lines can be an issue.

• Face lift (Rhytidectomy) or neck lift (Platysmaplasty): A face lift is a surgery to 
remove extra skin and tighten muscles of the neck and face. If surgery is per-
formed under the jaw line and in the neck area only, it is known as a neck lift.

• Liposuction (Lipoplasty): Cosmetic procedure used to remove small amounts of 
fatty tissue from the hips, thighs, buttocks, and abdomen to sculpt a more desir-
able body shape. It is often combined with body lift surgery. Liposuction is not 
for weight loss but for sculpting the body’s shape and contour.

• Panniculectomy: Surgery to remove the excess skin and fat that hangs from the 
stomach after weight loss. Panniculectomy involves tightening the abdominal 
muscles. It may be covered by health insurance.

• Tummy-Tuck (abdominoplasty): Surgery to remove excess skin and fat from the 
middle and lower abdomen and tighten muscles in the abdominal wall. The effect 
is to create a more slender waistline and flatter stomach. The incisions go from 
hip to hip and around the umbilicus.

22.5  Conclusion

Bariatric procedures which were originally developed for weight loss are now also 
universally regarded as an effective treatment for the physical and metabolic 
derangements that come with overweight and obesity. The bariatric endocrinologist 
should have familiarity with all of the procedures that are available for weight loss. 
Bariatric procedures are effective and have become increasingly safe. Taken 
together, they provide effective treatment for adiposity and also for adiposopathy. 
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Weight loss procedures must be recommended for selected patients who are truly 
refractory to medical management of overweight or obesity and who have signifi-
cant burden of disease, including adiposopathy. It must be emphasized that having 
a procedure, or using a device, does not cure the disease. Rather, overweight and 
obesity are life-long diseases that will require ongoing care well beyond the perisur-
gical window. These bariatric procedures, like pharmacotherapy, are tools to achieve 
a better state of health. And having a bariatric procedure does not preclude ongoing 
use of pharmacotherapy, as appropriate.
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