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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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viii Preface

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.

e 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.

e 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
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2 J. M. Gonzalez-Campoy
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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Fig. 1.1 Number of publications with “obesity” in the title by year (1960-2015); Copyright
MNCOME

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/
m?, and 12.8% had a BMI of 30 kg/m? 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/m? or more.
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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))

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. BRESS 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:

e 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%.

e Nineteen states and Puerto Rico had a prevalence of obesity between 25% and
less than 30%.

e 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.

e 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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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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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))

(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/m? 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/m? 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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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
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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,



