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Within the health sciences, Endocrinology has an unique and pivotal role. This old,
but continuously new science is the study of the various hormones and their actions
and disorders in the body. The matter of Endocrinology are the glands, i.e., the
organs that produce hormones, active on the metabolism, reproduction, food absorp-
tion and utilization, growth and development, behavior control, and several other
complex functions of the organisms. Since hormones interact, affect, regulate, and
control virtually all body functions, Endocrinology not only is a very complex
science, multidisciplinary in nature, but is one with the highest scientific turnover.
Knowledge in the Endocrinological sciences is continuously changing and growing.
In fact, the field of endocrinology and metabolism is one where the highest number
of scientific publications continuously flourishes. The number of scientific journals
dealing with hormones and the regulation of body chemistry is dramatically high.
Furthermore, Endocrinology is directly related to genetics, neurology, immunology,
rheumatology, gastroenterology, nephrology, orthopedics, cardiology, oncology,
gland surgery, psychology, psychiatry, internal medicine, and basic sciences. All
these fields are interested in updates in Endocrinology.

The aim of the MRW in Endocrinology is to update the Endocrinological matter
using the knowledge of the best experts in each section of Endocrinology: basic
endocrinology, neuroendocrinology, endocrinological oncology, pancreas with dia-
betes and other metabolic disorders, thyroid, parathyroid and bone metabolism,
adrenals and endocrine hypertension, sexuality, reproduction, and behavior.

More information about this series at http://www.springer.com/series/14021
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Is there an unmet need for a new MRW series in endocrinology and metabolism? It
might not seem so! The vast number of existing textbooks, monographs and
scientific journals suggest that the field of hormones (from genetic, molecular,
biochemical and translational to physiological, behavioral, and clinical aspects) is
one of the largest in biomedicine, producing a simply huge scientific output.
However, we are sure that this new Series will be of interest for scientists, academics,
students, physicians and specialists alike.

The knowledge in endocrinology and metabolism almost limited to the two main
(from an epidemiological perspective) diseases, namely hypo/hyperthyroidism and
diabetes mellitus, now seems outdated and closer to the interests of the general
practitioner than to those of the specialist. This has led to endocrinology and
metabolism being increasingly considered as a subsection of internal medicine rather
than an autonomous specialization. But, endocrinology is much more than this.

We are proposing this series as the manifesto for “Endocrinology 2.0”, embracing
the fields of medicine in which hormones play a major part but which, for various
historical and cultural reasons, have thus far been “ignored” by endocrinologists.
Hence, this MRW comprises “traditional” (but no less important or investigated)
topics: from the molecular actions of hormones to the pathophysiology and man-
agement of pituitary, thyroid, adrenal, pancreatic and gonadal diseases, as well as
less common arguments. Endocrinology 2.0 is, in fact, the science of hormones, but
it is also the medicine of sexuality and reproduction, the medicine of gender
differences and the medicine of well-being. These aspects of Endocrinology have
to date been considered of little interest, as they are young and relatively unexplored
sciences. But, this is no longer the case. The large scientific production in these fields
coupled with the impressive social interest of patients in these topics is stimulating a
new and fascinating challenge for endocrinologists.

The aim of the MRW in Endocrinology is thus to update the subject with the
knowledge of the best experts in each field: basic endocrinology, neuroendocrinol-
ogy, endocrinological oncology, pancreatic disorders, diabetes and other metabolic
disorders, thyroid, parathyroid and bone metabolism, adrenal and endocrine
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hypertension, sexuality, reproduction and behavior. We are sure that this ambitious
aim, covering for the first time the whole spectrum of Endocrinology 2.0, will be
fulfilled in this vast Springer MRW in Endocrinology Series.

Andrea Lenzi, M.D.

Series Editor

Emmanuele A. Jannini, M.D.
Series Co-Editor



Diabetes mellitus is associated with multiple microvascular (retinopathy, nephropa-
thy, and neuropathy) and macrovascular complications (myocardial infarction,
stroke, amputation). While the microvascular complications result in considerable
morbidity, the macrovascular complications are the major cause of mortality.
Patients with diabetes also experience a wide variety of other complications that
affect all organ systems in the body, including dementia, typical as well as atypical
opportunistic infections, bone and joint disease, liver (NASH/NAFLD) and gall
bladder disease, increased incidence of specific malignancies, skin pathologies,
and others. The microvascular and macrovascular complications can be linked to
hyperglycemia and hypertension/dyslipidemia/insulin resistance, respectively, but
the etiologic factors responsible for many of the other diabetes-related complications
remain to be evaluated. All organs are afflicted by diabetes and prevention of organ
damage is essential to improve the quality of life, reduce the financial burden that
accompanies these many varied and diverse complications, and prevent the days of
life that are lost as a result of these complications. As much as 80-90% of the direct
cost of diabetes care is related to treatment of the chronic complications of the
disease.

In this volume, the acute and chronic complications of diabetes are reviewed and
their etiology and treatment are discussed by experts in the field. The reader will be
impressed by the in-depth coverage of the pathophysiology of the individual com-
plications and the pragmatic approach to treat their clinical manifestations.

Verona, Italy Enzo Bonora
San Antonio, TX, USA Ralph A. DeFronzo
Editors
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Abstract

The prevalence of obesity and diabetes has reached epidemic proportions world-
wide and contributes to premature mortality. Obesity is an abnormal or excessive
fat accumulation and is defined by a body mass index >30 kg/m’. Obesity
increases the risk for metabolic and cardiovascular diseases, musculoskeletal
disorders, some types of cancer, pulmonary diseases, and psychological diseases.
A doubling of the obesity prevalence since the 1980s may be caused by a globally
increased intake of energy-dense foods with a parallel decrease in daily physical
activity due to the increasingly sedentary nature of many forms of work, changing
modes of transportation, and increasing urbanization. Obesity represents the
strongest modifiable risk factor for type 2 diabetes (T2D). Obesity and T2D
may develop on a common genetic risk background. Mechanisms linking obesity
to T2D include abdominal fat distribution, adipose tissue dysfunction, and
inflammation characterized by the secretion of a diabetogenic adipokine pattern
which contributes to impaired insulin action in skeletal muscle, liver, brain, and
other organs. In patients with obesity and T2D, therapeutic weight reduction leads
to improvements of all metabolic disturbances including beneficial effects on
insulin sensitivity, lipid metabolism, liver fat, and chronic inflammation. Weight
loss could be achieved by caloric restriction combined with increased physical
activity and behavior training in the context of multimodal interventions. Phar-
macotherapies may support additional weight loss, and for patients with over-
weight- or obesity-associated T2D antihyperglycemic treatment strategies which
promote weight loss should be preferred. However, bariatric surgery is the
approach with the best long-term efficacy to treat morbid obesity and may lead
to significant improvements on obesity comorbidities including a high remission
rate of T2D.

Keywords

Obesity - Diabetes - Adipose tissue - Insulin resistance - Adipokines - p-cell
function - Fat distribution - Genetics - Weight loss - Diet - Pharmacotherapy -
Bariatric surgery

Introduction

Obesity is characterized by an excess of body fat mass and is defined by a
body mass index (BMI) equal to or greater than 30 kg/m®. Its prevalence has increased
considerably over the past decades in all parts of the world and currently
affects 15-30% of the adult populations in Western countries. This worldwide
obesity epidemic has become a major health concern, because it contributes to
higher mortality due to an increased risk for noncommunicable diseases including
type 2 diabetes, cardiovascular diseases, musculoskeletal disorders, and some
cancers including endometrial, breast, ovarian, prostate, liver, gallbladder, kidney,
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and colon cancer. Obesity represents by far the most important modifiable risk factor
for type 2 diabetes (T2D) mellitus. An abdominal type of body fat distribution is
closely associated with type 2 diabetes, particularly in the lower body mass
index categories. Insulin resistance may link accumulation of adipose tissue in
obesity to type 2 diabetes although the underlying mechanisms are not completely
understood.

The fundamental cause of obesity is an energy imbalance between calories
consumed and calories expended. Both obesity and type 2 diabetes have a strong
genetic background. The known susceptibility genes for obesity mainly affect
central pathways of food intake, whereas most risk genes for type 2 diabetes
compromise p-cell function. In addition, environmental factors contribute to obesity.
Such factors include permanent availability of foods, energy-dense diets, lack of
physical activity, and low socioeconomic status.

At least theoretically, obesity is largely preventable. Obesity could be reduced by
supportive environments and communities shaping people’s choices, by making the
choice of healthier foods and regular physical activity the most accessible, available,
and affordable choice. At the individual level, obesity could be prevented and treated
by limiting energy intake from total fats and sugars; increasing consumption of fruit,
vegetables and legumes, whole grains, and nuts; and engaging in regular physical
activity (60 min a day for children and 150 min spread through the week for adults)
(WHO).

Weight loss improves — in part as a function of the extent of reducing
body weight and fat mass — all noncommunicable obesity-related diseases.
Weight management including weight loss and maintaining a healthier body
weight can be achieved by dietary therapy, physical activity, behavior modifica-
tion, pharmacotherapy, and weight loss surgery. Surgical obesity treatment is
the most powerful approach to treat morbid obesity and may lead to a
marked improvement of the metabolic disturbances if not the resolution of type
2 diabetes.

Definition of Obesity

Obesity is defined as abnormal or excessive fat accumulation that may impair health
(National Institute for Health and Clinical Excellence 2014). Body mass index
(BMI) is a simple index of weight-for-height that is commonly used to classify
overweight and obesity in adults. It is defined as a person’s weight in kilograms
divided by the square of his height in meters (kg/m?). According to the World Health
Organization (WHO) (WHO fact sheet 2016), a BMI greater than 30 kg/m? is the
central formal criterion for the definition of obesity (Table 1). For individuals with a
BMI greater than 30 kg/m” obesity is further subdivided into three classes
depending on the severity of excessive body fat (Table 1). The BMI range of
25-29.9 kg/m” represents the category of overweight or preobesity which requires
additional criteria to assess the concomitant health risks.
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Table 1 Clgssiﬁcation of Classification BMI (kg/m?)
human obesity based on Und ioht 185
body mass index (BMI). n erwelg' <15
(Reproduced from World Normal weight 18.5-24.9
Health Organization 2016) ~ Overweight 25-29.9
Obesity
Grade | 30-34.9
Grade 11 35-39.9
Grade III >40

Table 2 Diagnostic criteria for diabetes according to the American Diabetes Association (ADA
2015)

HbAlc >6.5%. The test should be performed in a laboratory using a method that is NGSP
certified and standardized to the DCCT assay®

OR

FPG >126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h*
OR

2-h PG >200 mg/dL (11.1 mmol/L) during an OGTT. The test should be performed as described
by the WHO, using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved
in water®

OR

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma
glucose >200 mg/dL (11.1 mmol/L)

“In the absence of unequivocal hyperglycemia, results should be confirmed by repeat testing

Definition and Classification of Diabetes

Diabetes may be diagnosed based on HbAlc criteria or plasma glucose criteria,
either the fasting plasma glucose (FPG) or the 2-h plasma glucose (2-h PG) value
after a 75-g oral glucose tolerance test (OGTT) (Table 2). Diabetes is a group of
metabolic diseases characterized by hyperglycemia resulting from defects in insulin
secretion, insulin action, or both (ADA 2015). The chronic hyperglycemia of
diabetes is associated with long-term damage, dysfunction, and failure of different
organs, especially the eyes, kidneys, nerves, heart, and blood vessels. Diabetes can
be classified into four general categories (Table 3). Type 1 diabetes is caused by
(autoimmune) p-cell destruction, usually leading to absolute insulin deficiency. Type
2 diabetes accounts for ~90-95% of diabetes cases and encompasses individuals
who have insulin resistance combined with relative insulin deficiency (ADA 2010).
Most likely, pathogenetic factors including obesity-associated diabetes are more
heterogeneous. Another category of diabetes is gestational diabetes mellitus
(GDM), which is diagnosed in the second or third trimester of pregnancy, but is
not considered clearly overt diabetes. Under a fourth category, specific types of
diabetes are summarized, which are due to other causes, e.g., monogenic diabetes
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Table 3 Etiologic classification of diabetes mellitus (ADA 2010)

1. Type 1 diabetes (pB-cell destruction, usually leading to absolute insulin deficiency)

A. Immune mediated
B. Idiopathic

II. Type 2 diabetes (may range from predominantly insulin resistance with relative insulin

deficiency to a predominantly secretory defect with insulin resistance)

III. Other specific types

A. Genetic defects of B-cell function

. Chromosome 12, HNF-1aa (MODY3)

. Chromosome 7, glucokinase (MODY2)

. Chromosome 20, HNF-4a (MODY 1)

. Chromosome 13, insulin promoter factor-1 (IPF-1; MODY4)
. Chromosome 17, HNF-18 (MODY5)

. Chromosome 2, NeuroD1 (MODY®6)

. Mitochondrial DNA
. Others

B. Genetic defects in insulin action

0NN N AW~

1. Type A insulin resistance
2.
3. Rabson-Mendenhall syndrome
4.
5.

C. Diseases of the exocrine pancreas

~N NN AW —

Leprechaunism

Lipoatrophic diabetes
Others

. Pancreatitis

. Trauma/pancreatectomy
. Neoplasia

. Cystic fibrosis

. Hemochromatosis

. Fibrocalculous pancreatopathy
. Others

D. Endocrinopathies

0NN Nk W~

. Acromegaly

. Cushing’s syndrome
. Glucagonoma

. Pheochromocytoma
. Hyperthyroidism

. Somatostatinoma

. Aldosteronoma

. Others

E. Drug or chemical induced

O 00 2O\ L bW~

. Vacor

. Pentamidine

. Nicotinic acid

. Glucocorticoids

. Thyroid hormone

. Diazoxide

. P-adrenergic agonists
. Thiazides

. Dilantin

(continued)
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Table 3 (continued)

10. y-Interferon
11. Others
F. Infections
1. Congenital rubella
2. Cytomegalovirus
3. Others
G. Uncommon forms of immune-mediated diabetes
1. “Stiff-man” syndrome
2. Anti-insulin receptor antibodies
3. Others
H. Other genetic syndromes sometimes associated with diabetes
. Down syndrome
. Klinefelter syndrome
. Turner syndrome
. Wolfram syndrome
. Friedreich ataxia
. Huntington chorea
. Laurence-Moon-Biedl syndrome
. Myotonic dystrophy
9. Porphyria
10. Prader-Willi syndrome
11. Others

IV. Gestational diabetes mellitus

0NN LA W~

syndromes, including neonatal diabetes and maturity-onset diabetes of the young
(MODY), diseases of the exocrine pancreas, and drug- or chemical-induced diabetes
(Table 3).

Epidemiology of Obesity and Diabetes

Obesity has reached epidemic proportions globally with a prevalence which has
more than doubled since 1980. According to the WHO, more than 1.9 billion adults
were overweight and of these, over 600 million were obese (WHO 2016) in 2014.
Overall, about 13% of the world’s adult population (11% of men and 15% of
women) were obese in 2014. Overweight and obesity are linked to more deaths
worldwide than underweight. Globally there are more people who are obese than
underweight — this occurs in every region except parts of sub-Saharan Africa and
Asia. Forty-one million children under the age of 5 were overweight or obese in
2014. Once considered a high-income country problem, obesity prevalence is now
increasing in low- and middle-income countries, particularly in urban settings. In
Africa, the number of children who are overweight or obese has nearly doubled from
5.4 million in 1990 to 10.6 million in 2014 (WHO). In the context of the Global
Burden of Disease Study (GBD) (Ng et al. 2014), estimates of the prevalence of
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Fig. 1 Age-standardized prevalence of obesity (BMI >30 kg/m?), age >20 years in men and
women 2013. (Taken from GBD 2013 Mortality and Causes of Death Collaborators 2015)

overweight and obesity were reported for men and women in different age groups
separately from 188 countries and 21 regions (Fig. 1).

From 1980 to 2013, combined prevalence of overweight and obesity increased
by 27.5% (from 921 million to 2.1 billion) for adults and by 47.1% for children (Ng
et al. 2014). This trend in age-standardized global obesity prevalence was observed in
developing and developed countries (Fig. 1; Ng et al. 2014). The proportion of adults
with a BMI of >25 kg/m* increased from 28.8% (28.4-29.3) in 1980 to 36.9%
(36.3-37.4) in 2013 for men and from 29.8% (29.3-30.2) to 38.0% (37.5-38.5) for
women (Ng et al. 2014). In developed countries, men have higher rates of obesity, while
in developing countries, women exhibit higher rates and this relationship persists over
time. The rate of increase of obesity was most pronounced between 1992 and 2002, but
has slowed down over the last decade, particularly in developed countries (Ng et al.
2014).

In parallel to the significant increase in obesity prevalence since 1980, age-stan-
dardized diabetes prevalence in adults has almost quadrupled with a faster increase in
low/middle-income compared to high-income countries (Zhou et al. 2016). In the
NCD Risk Factor Collaboration, data from 751 studies including more than 4 million
adults from 146 countries were used to estimate global age-standardized diabetes
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Table 4 Estimated prevalence of people with diabetes (age >18 years). (Modified from NCD Risk
Factor Collaboration. Worldwide diabetes prevalence data from 1980 and 2014 from a pooled
analysis of 751 population-based studies with more than 4 million participants. Modified from Zhou
et al. 2016)

WHO region Prevalence (%) Number (millions)
Africa 1980 2014 1980 2014
The Americas 3.1 7.1 4 25
Eastern Mediterranean 5 8.3 18 63
Europe 53 7.3 33 64
South-East Asia 4.1 8.6 17 96
Western Pacific 4.4 8.4 29 131
Total 4.7 8.5 108 422

prevalence, which increased from 4.3% in 1980 to 9.0% in 2014 in men and from
5.0% to 7.9% in women (Zhou et al. 2016). The number of adults with diabe