
123

Evaluation and Management  
of Adiposity, Adiposopathy  
and Related Diseases

J. Michael Gonzalez-Campoy
Daniel L. Hurley
W. Timothy Garvey 
Editors

Bariatric 
Endocrinology



Bariatric Endocrinology



J. Michael Gonzalez-Campoy 
Daniel L. Hurley • W. Timothy Garvey
Editors

Bariatric Endocrinology

Evaluation and Management of Adiposity, 
Adiposopathy and Related Diseases



ISBN 978-3-319-95653-4    ISBN 978-3-319-95655-8 (eBook)
https://doi.org/10.1007/978-3-319-95655-8

Library of Congress Control Number: 2018957471

© Springer Nature Switzerland AG 2019
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims 
in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
J. Michael Gonzalez-Campoy
MNCOME
Eagan, MN
USA

W. Timothy Garvey
University of Alabama - Birmingham
Birmingham, AL
USA

The Birmingham VA Medical Center
Birmingham, AL
USA

Daniel L. Hurley
Mayo Clinic
Rochester, MN
USA

https://doi.org/10.1007/978-3-319-95655-8


To our colleagues, especially our 
predecessors, whose inquisitive minds, work, 
and dedication to the advancement of science 
have led to the publication of this textbook.

To our patients with overweight, obesity, and 
adiposopathy, for whom we continue this 
work – they inspire and motivate us.

And to our families, for their unwavering 
love and support – they allow us to pursue 
our scientific and medical endeavors, for the 
common good.



vii

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.

1 Bariatric Endocrinology
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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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