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with obesity (BMI >30) has increased from 14.5% (between 1976 and
1980) to 35.7% (between 2009 and 2010). As many as 68% of U.S.
adults aged ≥20 years were overweight (defined as BMI >25) between
the years of 2007 and 2008. Extreme obesity (BMI ≥40) has also
increased and affects 5.7% of the population. The increasing prevalence of medically significant obesity raises great concern. Overall, the
prevalence of obesity is comparable in men and women. In women,
poverty is associated with increased prevalence. Obesity is more common among blacks and Hispanics. The prevalence in children and
adolescents has been rising at a worrisome rate, reaching 15.9% in
2009/2010, but may be leveling off.

PART 16
Endocrinology and Metabolism

PHYSIOLOGIC REGULATION OF ENERGY BALANCE
Substantial evidence suggests that body weight is regulated by both
endocrine and neural components that ultimately influence the effector arms of energy intake and expenditure. This complex regulatory
system is necessary because even small imbalances between energy
intake and expenditure will ultimately have large effects on body
weight. For example, a 0.3% positive imbalance over 30 years would
result in a 9-kg (20-lb) weight gain. This exquisite regulation of energy
balance cannot be monitored easily by calorie-counting in relation
to physical activity. Rather, body weight regulation or dysregulation
depends on a complex interplay of hormonal and neural signals.
Alterations in stable weight by forced overfeeding or food deprivation
induce physiologic changes that resist these perturbations: with weight
loss, appetite increases and energy expenditure falls; with overfeeding, appetite falls and energy expenditure increases. This latter compensatory mechanism frequently fails, however, permitting obesity
to develop when food is abundant and physical activity is limited. A
major regulator of these adaptive responses is the adipocyte-derived
hormone leptin, which acts through brain circuits (predominantly
in the hypothalamus) to influence appetite, energy expenditure, and
neuroendocrine function (see below).
Appetite is influenced by many factors that are integrated by the
brain, most importantly within the hypothalamus (Fig. 415e-2).
Signals that impinge on the hypothalamic center include neural
afferents, hormones, and metabolites. Vagal inputs are particularly
important, bringing information from viscera, such as gut distention.
Hormonal signals include leptin, insulin, cortisol, and gut peptides.
Among the latter is ghrelin, which is made in the stomach and stimulates feeding, and peptide YY (PYY) and cholecystokinin, which is
made in the small intestine and signals to the brain through direct
action on hypothalamic control centers and/or via the vagus nerve.
Metabolites, including glucose, can influence appetite, as seen by
the effect of hypoglycemia to induce hunger; however, glucose is not

Psychological
factors

Central controllers
of appetite
Increase

Decrease
appetite

NPY
MCH
AgRP
Orexin
Endocannabinoid

α-MSH
CART
GLP-1
Serotonin

Neural afferents
(vagal)
Gut peptides
CCK
Ghrelin
PYY

Cultural
factors

Hormones
Leptin
Insulin
Cortisol

Metabolites
Glucose
Ketones

Figure 415e-2 The factors that regulate appetite through effects
on central neural circuits. Some factors that increase or decrease
appetite are listed. AgRP, Agouti-related peptide; CART, cocaine- and
amphetamine-related transcript; CCK, cholecystokinin; GLP-1, glucagon-
related peptide-1; MCH, melanin-concentrating hormone; α-MSH,
α-melanocyte-stimulating hormone; NPY, neuropeptide Y.

normally a major regulator of appetite. These diverse hormonal, metabolic, and neural signals act by influencing the expression and release
of various hypothalamic peptides (e.g., neuropeptide Y [NPY], Agoutirelated peptide [AgRP], α-melanocyte-stimulating hormone [α-MSH],
and melanin-concentrating hormone [MCH]) that are integrated
with serotonergic, catecholaminergic, endocannabinoid, and opioid
signaling pathways (see below). Psychological and cultural factors also
play a role in the final expression of appetite. Apart from rare genetic
syndromes involving leptin, its receptor, and the melanocortin system,
specific defects in this complex appetite control network that influence
common cases of obesity are not well defined.
Energy expenditure includes the following components: (1) resting
or basal metabolic rate; (2) the energy cost of metabolizing and storing food; (3) the thermic effect of exercise; and (4) adaptive thermogenesis, which varies in response to long-term caloric intake (rising
with increased intake). Basal metabolic rate accounts for ~70% of
daily energy expenditure, whereas active physical activity contributes
5–10%. Thus, a significant component of daily energy consumption
is fixed.
Genetic models in mice indicate that mutations in certain genes
(e.g., targeted deletion of the insulin receptor in adipose tissue) protect
against obesity, apparently by increasing energy expenditure. Adaptive
thermogenesis occurs in brown adipose tissue (BAT), which plays an
important role in energy metabolism in many mammals. In contrast
to white adipose tissue, which is used to store energy in the form of lipids, BAT expends stored energy as heat. A mitochondrial uncoupling
protein (UCP-1) in BAT dissipates the hydrogen ion gradient in the
oxidative respiration chain and releases energy as heat. The metabolic
activity of BAT is increased by a central action of leptin, acting through
the sympathetic nervous system that heavily innervates this tissue. In
rodents, BAT deficiency causes obesity and diabetes; stimulation of
BAT with a specific adrenergic agonist (β3 agonist) protects against
diabetes and obesity. BAT exists in humans (especially neonates), and
although its physiologic role is not yet established, identification of
functional BAT in many adults using positron emission tomography
(PET) imaging has increased interest in the implications of the tissue for pathogenesis and therapy of obesity. Beige fat cells, recently
described, resemble BAT cells in expressing UCP-1. They are scattered through white adipose tissue, and their thermogenic potential
is uncertain.
THE ADIPOCYTE AND ADIPOSE TISSUE
Adipose tissue is composed of the lipid-storing adipose cell and a
stromal/vascular compartment in which cells including preadipocytes
and macrophages reside. Adipose mass increases by enlargement of
adipose cells through lipid deposition, as well as by an increase in the
number of adipocytes. Obese adipose tissue is also characterized by
increased numbers of infiltrating macrophages. The process by which
adipose cells are derived from a mesenchymal preadipocyte involves
an orchestrated series of differentiation steps mediated by a cascade
of specific transcription factors. One of the key transcription factors is
peroxisome proliferator-activated receptor γ (PPARγ), a nuclear receptor that binds the thiazolidinedione class of insulin-sensitizing drugs
used in the treatment of type 2 diabetes (Chap. 418).
Although the adipocyte has generally been regarded as a storage
depot for fat, it is also an endocrine cell that releases numerous molecules in a regulated fashion (Fig. 415e-3). These include the energy balance–regulating hormone leptin, cytokines such as tumor necrosis factor (TNF)-α and interleukin (IL)-6, complement factors such as factor
D (also known as adipsin), prothrombotic agents such as plasminogen
activator inhibitor I, and a component of the blood pressure–regulating
system, angiotensinogen. Adiponectin, an abundant adipose-derived
protein whose levels are reduced in obesity, enhances insulin sensitivity and lipid oxidation and has vascular-protective effects, whereas
resistin and RBP4, whose levels are increased in obesity, may induce
insulin resistance. These factors, and others not yet identified, play a
role in the physiology of lipid homeostasis, insulin sensitivity, blood
pressure control, coagulation, and vascular health, and are likely to
contribute to obesity-related pathologies.

