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Preface

he previous two editions of this book were published in 1995 and 2002, both
with Christopher G. Fairburn and one of us (Kelly D. Brownell) as coeditors. We are
grateful for the pioneering role Chris has played in the creation of this book, and in the
field overall. He continues to be a pioneer, an inspiring figure, and a wonderful colleague.
B. Timothy Walsh has taken on Chris’s role in this edition.

The preface of each of the prior editions noted the exciting possibilities and the glar-
ing gaps that existed when considering the eating disorders and obesity fields as possible
companions. We argued that an improved exchange of information between the two
fields could expand the knowlege of both, and might yield new theories to be explored, a
better understanding of mechanisms governing eating behavior and weight control, more
effective treatments, and the ability to intervene in one area without causing harm in the
other. It is informative to look now, some two decades after the first edition was pub-
lished, at how things have changed, and to what degree these hopes have been realized.

The scientific underpinnings of our understanding of eating disorders and of obesity
have advanced in impressive ways, leading to much better knowledge of causes, risk fac-
tors, pathophysiology, treatment, prevention, and, especially for obesity, policy. There
have been stunning discoveries in genetics (and epigenetics), diagnostic advances have
occurred, social causes and consequences are better understood, medical complications
are better defined, and treatment options have expanded. These are exciting intellectual
advances, but, most importantly, they offer more hope for those who suffer from eating
disorders and obesity.

In both of the earlier editions of the book, strong calls were made to better connect
the eating disorders and obesity fields. How much progress has there been?

Our sense is that although connections have improved in some ways, the fields
remain largely distinct from one another. At most meetings on obesity, eating disorders
are rarely mentioned, and obesity is rarely a major topic at meetings on eating disorders.
However, there are signs of modest progress. The prior intense concern that recommen-
dations to diet were a major causal factor in the development of eating disorders has
largely subsided. It is increasingly recognized that a minority of obese individuals meet
criteria for binge-eating disorder, which was officially recognized in DSM-5 in 2013,
and that such individuals may benefit from specifically tailored treatments. Perhaps most
promising is the growing focus on brain mechanisms in both the obesity and the eating

Xiii
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disorders fields. There is increasing recognition that changes in behavior are an essen-
tial component of effective treatment interventions for both problems, and an improved
understanding of how the brain regulates eating behavior is a critical common founda-
tion in both areas.

This New Edition

This third edition follows the same model as the prior two. We asked leading authori-
ties to write about the area they know best. To provide concise, easily “digestable” and
accessible content, we limited the length of the chapters and eliminated the typical in-
text references. Rather, we asked that each chapter have a Suggested Reading section,
with very brief annotations. These principles have allowed us to assemble a volume of
manageable size but containing more than 100 chapters, thereby providing what we hope
is comprehensive coverage. The chapters have been organized into three broad sections,
Foundations, Eating Disorders, and Obesity, each of which has several subsections.

Behind the theories, statistics, randomized trials, and policy proposals that com-
prise most of the content of the chapters is the desire and goal to provide assistance for
people in need. Eating disorders and obesity bring a cascade of medical, social, and
psychological consequences that can have a profound effect on affected individuals, their
families, and friends. Our hope is that this book aids the important work of clinicians
and researchers to help alleviate and prevent this suffering.

Acknowledgments
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volume and for helping to describe, clarify, and synthesize complex ideas and vast areas
of knowledge into brief chapters. We would also like to thank Jim Nageotte, Senior
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We hope this book will help generate innovation and creativity in our fields, and
provoke new thinking.
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Central Neural Pathways and Integration
in the Control of Food Intake and Energy Balance

GARY J. SCHWARTZ

he transmission of gut neural signals related to the controls of food intake, such
as gastric volume and gastrointestinal nutrient exposure, is primarily mediated by the
afferent vagus nerves supplying the gut. Complete surgical transection of these gut affer-
ent vagal nerves chronically increases meal size in rodent models, yet does not promote
increases in body weight, because decreased meal number compensates for the additional
caloric intake in each larger meal. Gut vagal afferents project first to central nervous
system caudal brainstem sites important in the control of meal size, including the nucleus
of the solitary tract (NTS) and area postrema (AP), then via distinct pathways to the
brainstem lateral parabrachial nucleus (IPBN) and forebrain limbic and hypothalamic
regions, including the amygdala, bed nucleus of the stria terminalis, and the lateral and
paraventricular nuclei of the hypothalamus (PVN).

The Melanocortin Pathway

The PVN is a neuroanatomical crossroads between ascending control feeding signals
arising from the brainstem, and feeding excitatory and inhibitory neuropeptide signals
from hypothalamic arcuate nucleus (ARC) projection neurons, located within the base of
the brain abutting the third intracerebral ventricle. ARC neurons include neurochemically
distinct populations of feeding-stimulatory (orexigenic) agouti-related peptide (AgRP)/
neuropeptide Y (NPY), and feeding-inhibitory (anorexigenic) pro-opiomelanocortinergic
(POMC) neurons. AgRP acts as a melanocortin receptor 3/4 (MC3/4R) antagonist in
PVN neurons to promote food intake and body weight gain, while the POMC product
alpha-melanocyte-stimulating hormone (alpha-MSH) acts as an agonist at PVN MC3/4R
to reduce feeding and adiposity.

Results from molecular genetic studies support the relevance of brain melanocortin
receptor signaling in obesity and food intake. Mutations in the MC4R gene, occurring
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in the obese population at approximately 6%, are the most common known cause of
monogenic human obesity, characterized by early onset hyperphagia and increased meal
size. Mice lacking MC4R demonstrate a similar profile of hyperphagia early in develop-
ment that promotes obesity in adulthood, and mice unable to synthesize the endogenous
MCH4R agonist alpha-MSH are hyperphagic and obese. Furthermore, hypothalamic PVN
and brainstem administration of MC4R agonists reduce food intake by limiting meal
size, resulting in decreased body weight. In contrast, parenchymal administration of
MCH4R antagonists in these sites increases food intake, body weight, and adiposity.

Distinct brainstem projecting populations of MC3/4R neurons in the PVN produce
glutamate and oxytocin, two neurochemicals with important feeding modulatory actions
at caudal brainstem neurons that receive feeding control signals. Stimulation of gluta-
matergic projections from the PVN to neurons in the IPBN inhibits feeding, while oxy-
tocinergic nerve projections from the PVN innervate NTS neurons that are activated
by feeding inhibitory doses of the gut satiety peptide cholecystokinin (CCK), a negative
feedback control of food intake. Brainstem application of oxytocin receptor (OR) antago-
nists blocks the ability of CCK to inhibit food intake, and brainstem administration of
OR antagonists alone markedly increases meal size. In addition to the feeding modula-
tory PVN hypothalamic glutamatergic and oxytocinergic projections to the brainstem,
alpha-MSH fibers arising from the ARC project directly to the NTS, where pharmaco-
logical activation of MCR3/4R reduces feeding and body weight. Together, these find-
ings identify reciprocal functional connections between brainstem (NTS and IPBN) and
hypothalamus (PVN, ARC) that can drive a recurrent loop to limit feeding by forebrain
modulation of gut-derived control signals acting in the brainstem.

The relevance of AgRP for the control of body weight and feeding is highlighted by
the consequences of selective stimulation or inhibition of AgRP neurons; neurochemi-
cally specific photo- or chemostimulation of AgRP neurons inhibits PVN oxytocin neu-
rons and rapidly increases meal size, while photostimulation of ARC POMC neurons
reduces feeding and body weight. Ablation of AgRP/NPY neurons in adult mice results
in profound anorexia and starvation, accompanied by hyperactivation of IPBN neurons.
Stimulation of inhibitory IPBN gamma-aminobutyric acid (GABA) A receptors prevents
the anorexia produced by AgRP neuronal ablation, suggesting a descending hypotha-
lamic modulatory pathway to limit the activation of the IPBN, a brainstem relay that
processes negative feedback controls of ingestion.

Brainstem integration of peripheral meal-related controls and central feeding modu-
latory neurochemical signals is supported by the neuroanatomical convergence of gut
feeding controls and central melanocortin action: alpha-MSH projections to the brain-
stem terminate on gut-sensitive, CCK-responsive N'TS neurons, and brainstem applica-
tion of MC4R antagonists block the satiety actions of peripheral feeding inhibitory doses
of CCK. Taken together with the previously discussed consequences of hypothalamic
melanocortin pathway activation, these data demonstrate that central melanocortins
have neuroanatomically distributed, redundant effects that are important for the control
of feeding behavior and energy balance.

Leptin

The adiposity signal leptin has been importantly implicated in both forebrain and brain-
stem control of food intake and body weight through both melanocortin-dependent and
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independent mechanisms. In very rare cases of human genetic leptin deficiency accompa-
nied by severe obesity, pharmacological administration of leptin eliminates hyperphagia
and normalizes body weight and adiposity. A central action of leptin in these effects is
suggested by the dense distribution of leptin receptors in hypothalamic ARC POMC
and AgRP neurons, as well as in brainstem N'TS/AP neurons. Each of these populations
is localized near circumventricular organs, characterized by a relatively porous blood-
brain barrier that permits enhanced brain access to peripherally circulating factors.
Leptin reaches hypothalamic ARC neurons via a highly selective transport system medi-
ated by tanycytes, specialized glial cells lining the third ventricle. Hypothalamic leptin
uptake is disrupted in both diet-induced obesity and genetic obesity in db/db mice lacking
the leptin receptor. Given the morphological similarities shared among circumventricular
organs, it is likely that leptin access to the brainstem relies on transport processes similar
to those in the hypothalamic ARC.

Leptin injections into the ARC produce long-lasting suppression of meal size and
total chow intake, and rats prone to develop diet-induced obesity have defective projec-
tions arising from ARC neurons, accompanied by reduced leptin signaling that persists
into adulthood. The ability of ARC leptin signaling to reduce feeding is significantly
blunted by brainstem injection of MC4R antagonists, suggesting a leptin-activated ARC-
PVN-NTS melanocortin circuit. Genetically obese (fa(k)/fa(k)) rats lack functional leptin
receptors and are consequently obese and hyperphagic; their hyperphagia is character-
ized by increased meal size and reduced feeding inhibitory actions of CCK. Selective
restoration of leptin receptors confined to the ARC restores the ability of peripherally
administered CCK to both activate brainstem N'TS/AP neurons and to limit food intake
by a reduction in meal size. Thus, neuroanatomical connectivity between leptin sensitive
hypothalamic sites and the caudal brainstem is an important determinant of the brain-
stem processing of satiety signals.

The metabolic context provided by central signals of adiposity such as leptin also
determines the magnitude of the neural response to gut negative feedback signals and their
ability to reduce meal size. Gut-sensitive neurons in the NTS are dose-dependently acti-
vated by increasing gastric volume stimuli, and central leptin administration increases the
neurophysiological potency of such stimuli. Thus, NTS neurons integrate central adipos-
ity signals with peripheral controls of feeding. Such integration occurs not only at the level
of the individual neuron but also at a population level, as central leptin also increases the
number of NTS cells activated by gastric loads. From a behavioral standpoint, ventricu-
lar, IPBN, and NTS leptin administration reduces food intake and body weight in rats,
and increases the degree of feeding suppression produced by gastric loads and duodenal
nutrient infusions. Conversely, molecular genetic knockdown of brainstem leptin recep-
tors increases food intake by increasing the size of spontaneous meals, increases body
weight and adiposity, and blunts the feeding inhibitory effects of CCK. Taken together,
these demonstrate the ability of leptin acting at both the brainstem and hypothalamus
to modulate the brainstem control of food intake, meal size, body weight, and adiposity.

However, the metabolic milieu determined by either dietary or genetic obesity
does not strictly limit the inhibitory potency of all feeding and body weight regulatory
stimuli. For example, the ability of oxytocin to (1) reduce food intake and body weight
and (2) activate brainstem NTS and AP is preserved in hyperleptinemic, leptin-resistant
rats with diet-induced obesity and in Koletsky fa/fa rats lacking leptin receptors. In this
way, leptin- and obesity-independent determinants of feeding and body weight may also
engage brainstem sites that process direct control signals.
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Nutrient Sensing

Finally, nutrient sensing by neuronal populations in hypothalamic—brainstem circuits
provides another avenue for the integrated and distributed central controls of food intake
and body weight. Feeding or gastrointestinal infusion of the essential branched-chain
amino acid leucine rapidly elevates its appearance in cerebrospinal fluid, hypothalamus,
and brainstem, and hypothalamic activation of leucine signaling pathways, either by leu-
cine itself or downstream mediators, reduces food intake, meal size, and body weight
gain. Several genes involved in branched-chain amino acid metabolism have been sug-
gested as candidate genes in human obesity. Furthermore, in humans, single-nucleotide
polymorphisms in leucine transporters have been associated with body mass index, and
mice with deficient leucine transporter expression have reduced leucine-inhibited food
intake and weight gain during high-fat diet maintenance. Leucine directly activates hypo-
thalamic POMC neurons that express oxytocin, and the ability of hypothalamic leucine
to reduce feeding is blocked by brainstem administration of oxytocin receptor antag-
onists, demonstrating that hypothalamic nutrient sensing engages oxytocin brainstem
pathways important in the control of meal size. Leucine sensing also appears to be redun-
dantly expressed, as direct brainstem application of leucine and its downstream signaling
mediators also reduce food intake, meal size, and body weight gain.

Summary

In summary, brainstem and hypothalamic neuronal interconnections form the basis for
a distributed and redundant set of pathways to modulate the control of feeding and body
weight (see Figure 1.1). Meal-related sensorineural signals generated by the presence of
nutrients along the gastrointestinal tract project to a circuit of brainstem and hypotha-
lamic neurons localized in brain regions with preferred access to circulating factors,
including individual nutrients, as well as hormones whose circulating levels reflect the
availability of stored nutrients (the adiposity hormones leptin and insulin) and the avail-
ability of gastrointestinal nutrients (e.g., ghrelin). Each of these signals of nutrient avail-
ability, the gastrointestinal presence of nutrients, circulating nutrients, adiposity hor-
mones, and gut peptides determines the activity of neurons in gut-recipient brainstem and
hypothalamic sites, and such activation is strongly associated with the control of food
intake and body weight. The unknown functions of the redundant sensitivity to these
stimuli in hypothalamic and brainstem sites represent an important gap in our under-
standing of the neurobiology of energy balance. In physiologically relevant settings, none
of these factors acts on feeding or body weight control in isolation; the neurobiological
environment of these neuronal populations is characterized by distinct levels of each
class of stimuli at any given time. The biological responses of brainstem and hypotha-
lamic neurons to nutritionally relevant stimuli are determined by the metabolic context
or milieu in which a stimulus occurs. Accordingly, both neuronal populations also have
the capacity to respond to combinations of sensorineural, hormonal, and nutrient stimuli
in an integrative fashion. This integrative capacity within and across gut-sensitive neu-
rons appears to be an important index of the feeding and body weight consequences of
these interactions. Neuroanatomical connectivity and communication among brainstem
and hypothalamic sites suggest that they work in a coordinated fashion to determine
energy balance. Progress will depend on the identification of the ways in which physi-
ologically relevant constellations of nutrient-related signals jointly determine the activity
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FIGURE 1.1. Schematic of discussed hypothalamic—brain stem circuits involved in controlling energy
balance. The diagram depicts a subset of the neuronal connections reported to influence feeding
and body weight. Sensory meal-related signals are transmitted via gut sensory vagal afferent pro-
jections to the brain stem—hypothalamic axis. Humoral factors, including circulating nutrients,
adiposity hormones, and gut peptides also impinge on this axis. Note that the black dashed arrows
reflect connectivity between hypothalamic and brain stem regions, and not any specific anatomical
pathway. MBH, mediobasal hypothalamus; PVN, paraventricular nucleus of the hypothalamus;
ARC, arcuate nucleus of the hypothalamus; AP, area postrema; N'TS nucleus of the solitary tract.

of hypothalamic and brainstem neuronal circuits in the service of food intake and body
weight control.
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Decreased Peripheral Hormonal Negative-Feedback
Control of Food Intake and Body Weight in Obesity

GERARD P. SMITH

n 1922, Curt Richter published the first meal patterns of rats living alone in
cages with free access to food and water. The meal patterns demonstrated that eating
occurred in bouts (meals) separated by intervals of noneating (intermeal intervals). These
data established two axioms for investigating eating and food intake: First, the meal is
the functional unit of analysis of eating and, second, food intake in any interval is the
result of the size and number of meals. The second axiom predicts that an increase of
food intake is the result of increased meal size, increased meal number, or both. Genetic
and diet-induced obesity (DIO) are characterized by increased meal size. Meal number
is usually decreased. Thus, increased meal size must be due to changes in the peripheral
positive and negative feedback(s), central processing of peripheral feedback information,
or central integrative controls of meal size (see Chapter 2).

Resistance to Peripheral Negative-Feedback Control of Meal Size in DIO

Larger meals in DIO have been suggested to be the result of increased peripheral posi-
tive feedback produced by ingestion of energy-dense, palatable, hedonic diets. Extensive
investigation has shown, however, that larger meals in DIO rats are associated with nor-
mal or decreased central rewarding effects of ingested diet rather than increased reward-
ing effects. Thus, larger meals in DIO rats must be due to decreased potency of periph-
eral negative feedback. This is due to the decreased inhibitory potency of leptin, insulin,
cholecystokinin (CCK-8), glucagon-like peptide 1 (GLP-1), and peptide tyrosine tyrosine
(peptide YY) released from the small intestine by the stimulation of ingested foods and
their digestive products. Amylin is the only exception; its release from the pancreatic
islets and its circulating concentration are normal.

This widespread loss of inhibitory potency is referred to as resistance. The cellular
mechanisms of leptin and insulin resistance are partially known, but the mechanisms of
the resistance to other hormones are not.

1
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The possibility that the loss of peripheral negative-feedback control of meal size
accounts for the hyperphagia and obesity of the DIO rat has been tested by administer-
ing these hormones to DIO rats. Continuous subcutaneous infusions of amylin for 12-14
days produced a significant reduction of food intake and body weight in male rats with
DIO. When identical infusions of leptin, PYY, or CCK-8 were administered alone, how-
ever, there was little or no decrease of food intake or body weight.

Peripheral circulating peptides for decreasing meal size circulate simultaneously dur-
ing and after the ingestion of food, and they interact synergistically in lean rats. To
exploit this synergism for therapeutic purposes in DIO, simultaneous infusions of amylin
and leptin or amylin and PYY were tested. These peptide combinations decreased food
intake and body weight significantly more than the additive effect of the individual pep-
tides infused alone. Furthermore, when amylin, leptin, and CCK-8 were infused simulta-
neously, the decreases of food intake and body weight were larger than those produced
by the combination of amylin and leptin.

A similar synergism has been obtained by infusing a stabilized form of CCK-8 and
the GLP1 agonist exanetide. This synergism is dependent on the action of stabilized
CCK-8 because the synergism is blocked by a selective antagonist of the CCK1 receptor
(CCK-1R). Furthermore, the synergism is not dependent on endogenous leptin because it
occurs in the leptin-deficient 0b/0b (obese) mouse.

The infusions of the combinations of peptides decreased body weight about 15% in
12-14 days. This is equivalent to the decreases of body weight produced by gastrointesti-
nal surgery in DIO rats, the largest current therapeutic effect (see below).

The synergistic inhibitory effect of these peptide combinations on food intake and
body weight in DIO rats is important for two reasons. First, it supports the possibility
that the loss of peripheral negative-feedback potency due to the development of resistance
to these peptides is sufficient to produce DIO in rats. Second, peripheral combination-
peptide therapy is feasible in humans. These effects of combination-peptide therapy are
the most promising nonsurgical therapy of DIO available for translation to obese humans.

Synergism between Diet Therapy and CCK-8

CCK-8 also increased the effect of diet therapy in DIO rats. Male and female DIO rats
were restricted to three meals per day. This produced a significant weight loss. When
the weight loss stabilized, CCK-8 was administered intraperitoneally prior to each of the
three daily meals. The addition of CCK-8 to diet treatment for 3 weeks decreased food
intake and body weight significantly more than dietary restriction alone.

Genetic Obesity: The Osaka Long—Evans Tokashima Fatty Rat

The Osaka Long—Evans Tokashima Fatty (OLETF) rat has a spontaneous loss-of-function
mutation of the CCK-1R. The mutant rat has increased meal size, increased food intake,
and obesity. The absence of CCK-1R in the stomach, small intestine, and vagal afferent
nerves prevents the negative-feedback effect of CCK released from the small intestine by
postingestive, preabsorptive stimuli of ingested food and its digestive products.

In addition to the decreased negative feedback, there is increased positive feedback.
This was detected by increased intake of sucrose solutions in sham feeding. Because
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sham feeding allows ingested sucrose to drain out of the stomach through a gastric can-
nula, it eliminates the negative-feedback effects of ingested sucrose as an explanation of
the increased sham-fed intake. Further investigation demonstrated that the absence of
CCK-1R in the dorsomedial hypothalamic nucleus was necessary for the increased posi-
tive feedback. Note that decreased negative feedback produces hyperphagia and obesity
in the DIO rat, but hyperphagia and obesity in the OLETF rat is due to the combined
effects of decreased negative feedback and increased positive feedback. This distinction is
important for further investigation of the pathophysiology of DIO and the genetic obesity
of the OLETF rat.

Bariatric Surgery and Peripheral Hormonal Negative Feedback

The rationale for bariatric surgery is to decrease food intake and body weight by increas-
ing the negative feedback control of meal size and food intake. Adjustable gastric band-
ing (AGB), vertical sleeve gastrectomy (VSG), and Roux-en-Y gastric bypass (RYGB) are
the most commonly used procedures (see Chapters 87, 88, and 89). AGB increases gas-
tromechanical negative feedback by decreasing the functional volume of the stomach.
RYGB and VSG produce numerous changes in appetite and metabolism. The change
most relevant to the negative-feedback control of food intake is the changed profile of
gut hormones released from the stomach and small intestine by ingested food and its
digestive products. RYGB and VSG decrease body weight more than AGB and produce
a larger and more rapid resolution of type 2 diabetes (T2D). Circulating levels of GLP-1
and PYY increase after RYGB and VSG, but not after AGB. The increase of GLP-1 has
been suggested as the major mediator of the larger effects of RYGB on body weight and
T2D than AGB because GLP-1 agonists have been efficacious in the clinical treatment of
T2D and obesity.

Discussion

Recent research in rats and humans has demonstrated the importance of peripheral hor-
monal negative-feedback control of food intake in the development and treatment of
obesity. The development and maintenance of DIO in rats is associated with a loss of
inhibitory potency of a number of peripheral hormones released from the small intestine,
adipose tissue, and pancreatic islets by ingested food and its digestive products. Amylin
released from the pancreatic islets is an important exception. Although subcutaneous
infusion of amylin decreases food intake and body weight in rats with DIO, the effect
is small compared to the loss of weight produced by RYGB or VSG. When amylin is
combined with leptin or PYY, however, the loss of body weight is equivalent to that
produced by RYGB or VSG. The inverse relationship between increased food intake and
body weight and the negative-feedback potency of circulating peripheral hormones sug-
gests that the widespread decrease of potency of the hormones is sufficient to cause the
development and maintenance of DIO in the rat. That inference requires testing in the
rat. Furthermore, the similar efficacy of RYGB and VSG for decreasing body weight and
food intake in rat and human DIO suggests that the increased circulating GLP-1 and PYY
after these human surgeries may be an important experimental bridge for translation of
hormonal-combination therapy from rat to human.
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Leptin and Body Weight

YIYING ZHANG
RUDOLPH L. LEIBEL

ody weight, specifically fat, in mammals is regulated by homeostatic mecha-
nisms operating primarily in service of “tuning” the gonadal axis to sufficiency of caloric
stores for successful parturition, and provision of stored energy against environmental
vicissitudes.

The lipostatic model—formulated by Kennedy, Hervey, and others—speculated that
fat mass, via a humoral factor, provides an afferent signal that is sensed and responded
to (via alterations in energy intake—expenditure) by the hypothalamus. Efforts to identify
this fat-based humoral signal continued through much of the second half of the previous
century, culminating in the discovery of the leptin gene by positional cloning in 1994.
Two autosomal recessive mouse obesity mutations, ob and db, which exhibit virtually
identical phenotypes, including hyperphagia, reduced energy expenditure, and prefer-
ential deposition of stored calories as fat, provided the keys. The leptin gene, which is
inactivated by a mutation in the ob mouse, encodes a secreted protein produced in adipo-
cytes in proportion to fat cell size. The leptin receptor gene, which is mutated in the db
mouse, encodes the cognate receptor that functions primarily in the brain, particularly
the hypothalamus. The discovery and characterization of the leptin signaling pathway in
humans and rodents provided a compelling molecular genetic mechanism for control of
body fat, vindicating the lipostatic model.

Leptin Production in Relation to Fat Mass, Adipocyte Size,
and Acute Energy Status

Adipocytes are the primary source of circulating leptin. Several types of stomach cells
also contribute a small amount of circulating leptin. Plasma leptin concentrations are
highly correlated with fat mass and adiposity. In adipose tissue, leptin messenger RNA
(mRNA) levels and protein secretion rates are positively correlated with adipocyte size.
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Plasma leptin concentrations are generally higher in adult females than in males. The gen-
der-related differences likely result from the differences in body fat distribution between
men and women and depot-specific differences in leptin expression (higher per cell in
subcutaneous fat). Plasma leptin concentrations per unit of fat mass are not significantly
different between prepubertal boys and girls, but increase in girls and decrease in boys
as the pubertal process progresses, and are significantly higher in girls than boys by Tan-
ner Stages IV and V. Individual differences in plasma leptin concentration per unit of fat
mass—controlled for factors alluded to earlier—have also been observed, but the physi-
ological causes and consequences of these differences are unclear. Plasma leptin con-
centration is extremely sensitive to acute energy deficits—short-term caloric restriction
markedly suppresses leptin expression even when there has been little and no fat loss. On
the other hand, energy surpluses or infusions of insulin have little acute effect on plasma
leptin concentrations in humans, although similar treatments result in small increases in
plasma leptin levels in rodents. The molecular mechanisms underpinning these features
of leptin gene expression are key unresolved questions in the biology of leptin; their eluci-
dation could provide novel therapeutic approaches to obesity. The asymmetric responses
of leptin concentrations to acute energy surpluses (minimal) and deficits (strong) reflect
the major physiological role of this hormone in defense of body fat.

Molecular Mechanisms of Leptin Signaling

The leptin receptor (LEPR) is a member of the type I cytokine receptor family, closely
related to the interleukin-6 receptor (Figure 3.1). Multiple LEPR isoforms are produced
through alternative splicing of a single primary transcript. These isoforms differ only in
their C-terminal cytoplasmic sequences. The “long” isoform of LEPR (LEPRb), which
is absent in the db mouse, contains the binding sites for the signaling molecules, Janus
kinase 2 (JAK2) and signal transducer and activator of transcription 3 (STAT3). The
functions of the shorter LEPR isoforms, which are devoid of most of the cytoplasmic
sequences of the long isoform, are unclear. LEPRD is expressed at much higher levels in
the hypothalamus and several other regions of the brain than in peripheral tissues. Cen-
tral leptin actions mediated by LEPRD are essential to normal body weight homeostasis.

Leptin activates the protein tyrosine kinase JAK2, which phosphorylates LEPR and
many downstream effectors, including STAT3. All three cytoplasmic tyrosine (Y) resi-
dues of LEPR (Y985, Y1077, and Y1138 in mouse, which are conserved across all known
mammalian LEPR) can be phosphorylated, and serve as the interaction sites for down-
stream effectors. The LEP-JAK2-STAT3 signaling pathway, mediated by Y1138, plays
an especially prominent role in the regulation of energy metabolism. Disruption of this
pathway leads to an obesity phenotype similar to that of the db mouse. SH2B1 is a posi-
tive regulator of leptin signaling that enhances JAK2 activity and promotes LEPR-JAK2
interactions with various downstream effectors, including insulin receptor substrate 2
(IRS2). Deletion or mutation of SH2B1 leads to hyperphagia and morbid obesity in both
humans and rodents. The Y985 tyrosine residue of LEPR is involved in the feedback
inhibition of leptin signaling by suppressor of cytokine signaling 3 (SOCS3). Mutation
of Y985 to leucine results in resistance to diet (high-fat)-induced obesity in female but
not male mice, underscoring the importance of both this feedback inhibitory mechanism
and sexual dimorphism in leptin physiology. The effects of leptin on glucose homeostasis
and reproduction are not entirely dependent on these cytoplasmic tyrosine residues. Mice
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FIGURE 3.1. The long and short isoforms of mouse leptin receptor (LEPR) and the major leptin-acti-
vated signaling pathways that affect energy balance. Two LEPR molecules form preexisting (i.e.,
before LEP binding) dimers through disulfide bonds, and each dimer binds two leptin molecules.
The binding of leptin to the receptor dimer activates multiple signaling pathways; the major signal-
ing pathways activated by leptin are shown here. Leptin is a permissive factor for normal pubertal
development and reproduction, which provide a critical link between adipose tissue energy stores
and reproductive integrity. Leptin also plays an important role in glucose metabolism. Although
Y1077 and PI3 kinase have been implicated, respectively, in leptin’s regulation of reproduction
and glucose metabolism, the molecular mechanisms for these effects of leptin are not fully under-
stood. LEP, leptin; JAK2, Janus kinase 2; box1 and box2; conserved sequences of JAK binding
site; Y9835, tyrosine at 985 position of mouse LEPR; Y1077, tyrosine at 1077 position of mouse
LEPR; Y1138, tyrosine at 1138 position of mouse LEPR; PTP1B, protein tyrosine phosphatase
1B; SH2B1, SH2B adaptor protein 1; IRS2, insulin receptor substrate 2; PI3K, phosphoinositide
3-kinase; SHP2, SHP2 tyrosine phosphatase; ERK, extracellular signal-regulated kinase; STAT3
and STATS, signal transducer and transcription activators 3 and 5; SOCS3, suppressor of cytokine
signaling 3; PM, plasma membrane. From Allison & Myers (2014). Copyright © 2014 by the Soci-
ety for Endocrinology. Adapted by permission.

lacking all three tyrosine residues are as obese as db mice but exhibit relatively normal
glucose homeostasis and reproductive function.

LEPR signaling is negatively regulated by two mechanisms: (1) Activation of the
JAK2-STATS3 pathway increases the expression of SOCS3, which binds to Y985 of LEPR
and provides feedback inhibition of leptin signaling, and (2) protein tyrosine phosphatase
1B (PTP1B) dephosphorylates JAK2 and negatively regulates leptin signaling. Expression
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levels of SOCS3 and PTP1B are both increased in the hypothalami of obese mice. Dele-
tion or knockout of SOCS3 or PTP1B leads to increased leptin sensitivity, resistance to
diet-induced obesity, and lean phenotypes in mice. Other potential mechanisms affecting
leptin signaling include the regulation of expression and posttranslational modification
of LEPR, and the access of circulating leptin to LEPR in the central nervous system
(CNS). Impairments in the function of second-order neurons in leptin-regulated neural
circuits constitute a separate category of impaired leptin action. Mc4R neurons in the
paraventricular hypothalamus (PVH), which regulate food intake and energy homeo-
stasis, are affected by leptin indirectly through POMC and AgRP neurons in the arcu-
ate nucleus of the hypothalamus (ARH). Obese individuals with mutations affecting the
Mc4R signaling pathway are resistant to leptin therapy.

Leptin-Regulated Neural Circuits and Their Effects on Energy Intake
and Body Weight

The long form of LEPR (LEPRD) is expressed in brain regions involved in the regulation
of energy homeostasis (Figure 3.2). High densities of LEPR are found in neurons in the
ARH, ventromedial and dorsomedial nuclei of the hypothalamus (VMH and DMH),
ventral premammillary nucleus (PMV), and medial preoptic nucleus (MEPO) of the
hypothalamus, underscoring the prominent role of the hypothalamus in mediating leptin
action. The ARH POMC and AgRP neurons, which are the prototypes of LEPR-express-
ing neurons, are regulated by leptin in opposite directions. Leptin activates glutamater-
gic POMC neurons and stimulates the production of the anorexigenic peptide alpha-
melanocyte-stimulating hormone (alpha-MSH; derived from POMC) while inhibiting
gamma-aminobutyric acid (GABA)ergic AgRP neurons, thus suppressing the production
of orexigenic peptides AgRP and neuropeptide Y (NPY). The increase of alpha-MSH
and decrease of AgRP activates Mc4R neurons in the PVH. The ARH POMC and AgRP
neurons also directly innervate and regulate—through synaptic signaling—PVH Mc4R
neurons and many other neuronal groups in other regions of the hypothalamus and the
brainstem. ARH POMC neurons themselves are also regulated by leptin indirectly via
excitatory (glutamatergic) inputs from LEPR-expressing VMH neurons and inhibitory
(GABAergic) inputs from the neighboring AgRP neurons. Direct leptin action in ARH
neurons acutely suppresses food intake but has relatively minor effects on the long-term
energy balance in mice. Outside of the hypothalamus, neurons in the nucleus of solitary
tract (NTS) of the brainstem also express LEPRb and respond to leptin directly, in addi-
tion to receiving excitatory inputs from hypothalamic POMC neurons. The NTS receives
input signals from the gut as well, including circulating anorexigenic gut peptides such
as glucagon-like peptide 1 (GLP-1) and cholecystokinin (CCK), and direct neural inputs
from vagal afferents. Leptin action sensitizes NTS neurons to gut signals, increasing their
satiating effects. To regulate food intake, leptin and other signals are further relayed from
NTS neurons via excitatory inputs to the anorexigenic neurons in the lateral parabrachial
nucleus (PBN) of the hindbrain, which also receive strong inhibitory inputs from ARH
AgRP neurons.

Leptin also plays an important role in the mesolimbic dopamine system that medi-
ates pleasure and reward (“hedonic”) responses. Leptin-deficient children have impaired
ability to discriminate reward properties of foods; leptin replacement corrects this defect.
In the mouse, leptin acts directly on the dopaminergic and nondopaminergic neurons in
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FIGURE 3.2. Leptin-regulated neural circuits in the control of food intake and energy expenditure.
The dotted-line ovals represent neurons activated by leptin, which are primarily glutamatergic; the
gray ovals represent those suppressed by leptin, which are primarily GABAergic; the white ovals
are those indirectly regulated by leptin. The dotted-line arrows indicate stimulation and the solid-
lines suppression. The solid-line arrow indicates that leptin sensitizes NTS neurons to afferent gut
signals. Mc4R, Mc4R neurons of the paraventricular nucleus; POMC, pro-opiomelanocortin neu-
rons of the arcuate nucleus; AgRP, agouti-related peptide neurons of the arcuate nucleus; VMH,
ventromedial nucleus; LHA, lateral hypothalamic area; PBN, lateral parabrachial nucleus; NTS,
nucleus of solitary tract; NAc, nucleus of accumbens of the ventral striatum; CeA, central nucleus
of the amygdala. Gut signals include peptide hormones, such as GLP-1, CCK, as well as vagal
inputs. Dopamine is shown here as having suppressive effects on food intake by the pathways
shown, but may have orexigenic effects in other circuits. Based on Gautron and Elmquist (2011).

the ventral tegmental area (VTA), which innervate the nucleus of accumbens (NAc¢) of
the ventral striatum and central nucleus of the amygdala (CeA), the major reward cen-
ters. Leptin also regulates dopamine production in VTA neurons via LEPR-expressing
neurons in the lateral hypothalamic area (LHA) that innervate these VTA neurons (see
Figure 3.2).

Pathophysiology of Leptin Deficiency and Leptin Replacement Therapy

While extremely rare, complete deficiency of leptin or LEPR leads to profound hyper-
phagia and early-onset obesity in humans. The hyperphagia is associated with increased
hunger and decreased satiety. Energy partitioning is also markedly altered: Excess
energy is preferentially deposited as fat in both humans and rodents. Energy expenditure
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(adjusted for metabolic mass) is decreased in LEPR-deficient rodents, primarily due to
impaired thermoregulatory thermogenesis, but is not significantly affected in leptin- or
LEPR-deficient humans. As a measure of the long-term energy status (the size of expend-
able energy reserves of the organism), leptin is a permissive factor for normal pubertal
development, reproduction, and immunity in both humans and rodents. Patients homo-
zygous for loss-of-function mutations of leptin or LEPR genes have normal birth weight
but rapidly gain weight (fat) a few months after birth due to hyperphagia. Early cogni-
tive development and linear growth are usually normal. Normal pubertal development
is absent or severely impaired due to hypogonadotropic hypogonadism. Hypothalamic
hypothyroidism is also characteristic of these patients. Lipodystrophy represents a major
form of secondary partial leptin deficiency. Patients with lipodystrophy develop metabolic
and neuroendocrine abnormalities that resemble those in patients with complete leptin
deficiency, including hyperphagia, dyslipidemia, and, in females, hypoamenorrhea.

Leptin replacement was first administered to 3- and 9-year-old congenitally leptin-
deficient children in 1997. In these two children, daily injections of recombinant leptin
markedly decreased hunger, increased meal-related satiety, and increased their ability
to discriminate rewarding properties of foods. Functional magnetic resonance imaging
studies showed that in the leptin-deficient state, food cues strongly activated neurons
in brain areas associated with pleasure and reward, such as the ventral striatal region,
and that this activation was attenuated by leptin treatment even before weight loss
occurred. Leptin replacement normalized thyroid function, caused preferential loss of
fat, and allowed the normal development of puberty in these children. In 2014, leptin
was approved by the U.S. Food and Drug Administration specifically for the treatment of
metabolic disorders associated with lipodystrophy. As in patients with congenital leptin
deficiency, leptin suppresses food intake and markedly improves dyslipidemia, hepatic
steatosis, and glucose—insulin homeostasis in lipodystrophic patients.

Physiology and Pathophysiology of Leptin in the Obese State

Obesity in general is associated with elevated plasma leptin concentrations. In contrast
to the profound metabolic benefits of leptin administration in patients with complete or
partial leptin deficiency, leptin, as high-dose monotherapy or combined therapy, has very
little efficacy in suppressing energy intake or inducing long-term weight loss in obese
patients. Leptin administration acutely suppresses food intake in lean mice but not in
overfed obese mice, suggesting an impairment in the acute response to leptin in the obese
mice. However, leptin administration also has limited long-term effects on body weight
in normal-weight humans and rodents. On the other hand, functional blockade of endog-
enous leptin by a leptin antagonist markedly increases food intake and body weight to
similar extents in lean and obese mice. And decreases in plasma leptin concentrations
resulting from weight loss or acute energy deficits evoke strong physiological responses,
including increased hunger and decreased energy expenditure, in both obese and lean
individuals. These physiological changes associated with negative energy balance can be
reversed by low-dose leptin replacement that restores plasma leptin to the pre-weight-loss
level. These observations suggest that the leptin signaling system is more physiologically
sensitive to energy deficits than to energy surpluses, and responds to negative energy bal-
ance similarly in lean and in obese individuals. Thus, the physiology of leptin signaling
system is well suited to detect and signal energy deficits and to defend against loss of fat
mass, the primary energy reserve of all mammals.
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Genetics of Obesity and Related Traits
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ver the past four decades, the prevalence of obesity has almost doubled world-
wide. While the sharpest increases are seen in high-income countries, the prevalence is
also rising at alarming rates in middle- and low-income countries, particularly in popu-
lous nations, such as India and China. While a major driver of the obesity epidemic
is undoubtedly a westernized lifestyle—characterized by an abundance of energy-dense
foods coupled with a reduced need for daily physical activity—not everyone exposed to
the present-day obesogenic environment becomes overweight or obese. In fact, a substan-
tial number of individuals seems protected from weight gain altogether, an indication
that the extent to which people respond to the obesogenic environment is determined,
at least in part, by innate genetic factors. Indeed, obesity is a common condition that is
the result of an intricate interplay between genes and environment. In only a very few,
extreme cases is obesity due solely to genetic defects. Here, we review current insights
into the genetics of common forms of obesity.

Familial Risk and Heritability of Obesity

The notion that the susceptibility to gaining weight and becoming obese is partially deter-
mined by genetic factors has been supported by family and twin studies since the 1920s.

Individuals with a family history of obesity have a 1.5-8 times higher risk of becom-
ing obese themselves compared to individuals without a family history. The risk increases
with genetic proximity of family members and with increasing severity of their obesity;
for example, an individual whose identical twin is severely obese is more than five times
more likely to be severely obese compared to someone whose identical twin is of normal
weight. Individuals whose parents were obese as children have a five to 15 times higher
risk of becoming obese adults themselves, compared to those whose parents were of
normal weight. While these studies provide support for a familial component in obesity
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risk, they do not allow for a breakdown of the contribution of genetic relatedness versus
shared environment.

Heritability studies aim to quantify the contribution of genes and environment to
variation in obesity susceptibility, and heritability estimates are dependent on the envi-
ronment (e.g., time period, geographical region) in which they are assessed. Large-scale
twin and family studies have estimated that 40-70% of the interindividual variation
in obesity susceptibility is due to genetic differences between individuals, whereas the
remainder of the variation is explained by differences in environment and lifestyle. Heri-
tability estimates tend to increase throughout childhood and adolescence until the onset
of adulthood, after which they decrease with age.

Insights from Animal Models

Heritability estimates the contribution of genes to specific phenotypes but does not impli-
cate specific genes or their modes of inheritance. An important strategy adopted early
on in the search for genes and pathways controlling body weight has been the molecular
cloning of mutations causing monogenic obesity in mice. The genes for leptin (mouse 0b)
and its receptor (mouse db; rat fa), as well as the melanocortin 4 receptor (mouse yellow
mutation interferes with action at MC4R), carboxypeptidase E/proconvertase 1 (mouse
fat), Bdnf, Siml, and a ciliary protein (mouse fub) are prominent examples. The impor-
tance of these efforts has been the demonstration of an incontestable contribution of
single genes and their constituent pathways to the regulation of body weight, and insights
into the molecular physiology of their effects, virtually all of which, importantly, are
conveyed through the central nervous system (CNS). In all instances, human orthologs
of these genes have been identified in which inactivating mutations lead to obesity. These
individuals confirm the inferences reached from the gene cloning/manipulation studies
in mice.

Insights from Monogenic Forms of Obesity

Though they represent only a small fraction of clinical instances, research into monogenic
forms of human obesity has shed light on the biology that underlies common obesity. The
first patients with single-gene defects leading to extreme and early-onset obesity were
identified in the mid-1990s. Consistent with the observations in animal models, most
mutations are in genes expressed in the brain, participating in both so-called homeostatic
and hedonic/cognitive aspects of ingestive behaviors. To date, the most prevalent causes
of monogenic severe obesity have been mutations in the melanocortin 4 receptor (MC4R),
accounting for 3-5% of extreme early-onset obesity in many populations.

Identifying Genes for Common Obesity

Despite strong evidence for a genetic contribution to obesity susceptibility and convincing
insight from cases of extreme obesity in humans and animal models, identifying genes
and genetic variants that cause common obesity has—until now—been a slow, arduous
task.
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However, advances in high-throughput genotyping technology and availability
of detailed information on the sequence and organization of the human genome have
greatly accelerated gene discovery over the past decade. Two major approaches have been
employed to identify genes that affect obesity susceptibility: the candidate-gene approach
and the genomewide approach.

Candidate-Gene Studies

The candidate gene approach, applied since the early 1990s, is hypothesis-driven and
assumes a priori insights into the biology that underlies obesity susceptibility. Genes that
are thought to be involved in energy balance and weight gain, based on animal models,
cellular systems, or extreme/monogenic instances in humans, are considered “candidate
genes.”

Over the years, hundreds of genes have been proposed as candidates, but only a
half-dozen have been firmly established as #rue obesity genes. The reasons for the limited
success of this approach have to do with the small sample size of candidate-gene studies,
limited a priori insights regarding the biology of the gene, and the scarcity of information
on genetic variation in the 1990s, when this approach was predominantly applied.

To date, few large-scale studies (N > 5,000) have identified robust associations of
genetic variants in candidate genes with obesity traits. They include nonsynonymous
(i.e., that change amino acid sequence) variants in MC4R (V103I, 1251L), beta-3-adren-
ergic receptor (ADRB3; W64R), proprotein convertase subtilisin/kexin type 1 (PCSK1;
N221D, Q665E-S690T), brain-derived neurotrophic factor (BDNF; V66M), melano-
tonin receptor type 1B (MTNR1B; G24E), and a functional variant near lactase (LCT;
CIT 43919 (rs4988235)). The fact that hundreds of other proposed candidate genes have
not been confirmed does not mean that they do not affect obesity risk. Larger studies
that interrogate all functional variants in and near these candidate genes are needed to
convincingly confirm or refute their role in body weight regulation.

Genomewide Studies

Genomewide approaches are hypothesis-generating. By screening the whole genome, they
aim to identify new, unanticipated genetic variants associated with obesity traits. Experi-
mental follow-up on the newly identified genetic variants is needed to reveal the novel
pathways that, in turn, increase our understanding of body weight regulation.

Genomewide Linkage Approach

The genomewide linkage approach, used since the mid-1990s, requires populations of
related individuals and tests whether chromosomal regions across the genome co-segre-
gate with obesity from one generation to the next. To date, more than 80 genomewide
linkage studies have reported at least 300 loci that show suggestive linkage with obesity-
related traits. These loci are typically large chromosomal regions that harbor hundreds of
genes. So far, none of these loci has been narrowed down enough to pinpoint the causal
gene(s). A well-powered meta-analysis of 37 genomewide linkage studies, including data
for more than 31,000 individuals from 10,000 families, did not identify any obesity or
body mass index (BMI) loci. The genomewide linkage approach has not been successful
in identifying genes that affect obesity susceptibility, due to the small sample sizes that
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are typical of family studies and the relatively low statistical power this approach has for
common multifactorial diseases such as obesity.

Genomewide Association Studies

Genomewide association studies (GWAS) have been available since 2005 and have
increased the pace of gene discovery immensely. These studies screen the genome at a
much higher resolution than genomewide linkage studies, testing associations of millions
of single-nucleotide polymorphisms (SNPs) with obesity traits. GWAS can be performed
with both related and unrelated individuals, allowing for larger sample sizes than link-
age studies. They generally employ a two-stage design, requiring that loci reach highly
statistically significant associations in the first stage, before they are confirmed in second
stage analyses of a separate collection of subjects. Loci for which the association reaches
the genomewide significance threshold (P < 5 x 10-8) are considered established. The
stringent significance threshold accounts for the millions of SNP-association tests that
are performed across the whole genome.

In 2007, two GWAS independently identified variants in FTO (fat mass and obesity-
associated gene) to be strongly associated with BMI. Since the identification of the FTO
locus, many more GWAS have been performed for a number of obesity traits, including
BMI, extreme and early-onset obesity, waist circumference, BMI-adjusted waist-to-hip
ratio (WHRgp\ip), body fat percentage, visceral adipose tissue (VAT) and subcutaneous
adipose tissue (SAT), weight loss after surgery, and circulating leptin levels. Most GWAS
have been performed in populations of European ancestry, with many fewer in popula-
tions of exclusively African or East Asian ancestry. The majority of gene associations
have been made in adults, but at least three GWAS have been performed in children and/
or adolescents. Since height, weight, and waist and hip circumference are inexpensive
and noninvasive measurements, the most studied obesity traits are BMI, as a proxy for
overall adiposity, and WHR ;i\ as a proxy for body fat distribution. As the cost of
genomewide genotyping has plummeted and more GWAS have become available, GWAS
meta-analyses have grown larger over the years. The most recent GWAS meta-analyses
by the Genetic Investigation of Anthropometric Traits (GIANT) consortium comprised
~340,000 individuals for BMI and ~225,000 individuals for WHR, 4g\s, predominantly
of European ancestry.

Other Genomewide Approaches

Driven by advances in high-throughput sequencing technology, genomewide studies are
no longer confined to common genetic variants. Whole-genome (WGS) and whole-exome
sequencing (WES) studies allow investigation of the role of every single base-pair of the
genome and exome, respectively. While GWAS identify common variants with small
effects, it has been speculated that WGS and WES studies will identify rare variants that
are more likely to have larger effects and to affect the function of genes and their proteins.
Yet results from the first sequencing studies suggest that effects of rare variants may not
be as large as expected, and that large samples sizes will still be needed to identify robust
associations.

Besides interrogation of genetic variation, genomewide studies have also started to
examine the role of other -omics exposures on obesity risk, such as gene and protein
expression, metabolite levels, epigenetic markers, among others. The integration of these
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multilayered data will be needed to elucidate the molecular processes underlying body
weight regulation.

Insights from GWAS-Associated Loci

To date, large-scale GWAS have identified more than 180 loci associated with obesity traits
across different ancestries and ages (Figure 4.1). The majority of loci were first identified for
BMI or WHR g\, for which large-scale, well-powered GWAS are available. Fewer loci
have been identified for more refined obesity traits, which tend to be available in smaller
numbers of individuals and in select populations. Loci identified in European ancestry pop-
ulations typically show association with obesity traits in populations of African and Asian
ancestry, and vice versa. Furthermore, loci identified in adulthood often show association
with BMI and obesity in childhood and adolescence, whereas no obesity loci have shown
association with birth weight so far. Longitudinal and birth cohort studies have shown
that, in aggregate, the effect of genetic variants on obesity risk increases during childhood
and adolescence, peaks in early adulthood, and decreases with age from there.

Despite their large number, robustly associated loci explain less than 3% of the inter-
individual variation in obesity traits and, even when combined, cannot predict whether
someone will become obese. Furthermore, the causal gene(s) or genetic variant(s) within
most loci have yet to be pinpointed. Most obesity-associated variants have no immediate
implications to the function of nearby genes, but they tag the—still unknown—causal
variant(s) that change the sequence of the causal gene and alter its expression and/or
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FIGURE 4.1. Cumulative number of GWAS-identified loci for obesity traits (BMI, WHR, obesity
risk, body fat percentage, VAT/SAT, leptin levels) since 2007.
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protein levels. Identifying the causal variant(s)/gene(s) is a critical step in the translation
of a GWAS-locus to gain insight into the underlying biology.

Insights from BMI-Associated Loci

At least 100 BMI-associated loci have been identified, of which variants in the FTO locus
have the largest effect; that is, each FTO risk-allele increases body weight by ~1 kg for a
1.70-m-tall person. Even though the FTO locus was identified in 2007, it remains unclear
how these intronic variants affect body weight regulation. Some assume that FTO is the
causal gene, whereas others believe FTO’s intronic variants influence genes downstream
(RPGRIP1L) and/or upstream (IRX3) that, in turn, affect energy intake and/or expen-
diture.

Tissue and gene set enrichment analyses have shown that genes harbored in the ~100
BMI-associated loci are more often expressed in brain tissues (Figure 4.2, Panel A) and
implicated in central regulatory pathways, as compared to genes elsewhere in the genome.
This discovery provides strong support for the predominant role of the CNS in body
weight regulation, in particular through control of appetite, reward, and satiety.

Insights from WHR,,;;5y-Associated Loci

Of the 50 loci that have been associated with WHR ;5\, 20 show more pronounced
effects in women than in men. The reasons for the marked sexual dimorphism remain
unclear, but may be attributed, in part, to the influence of sex hormones on body fat
distribution. Because WHR is adjusted for BMI, none of the WHR loci overlap with
those identified for BMI. Also, the expression profiles and pathways of the genes within
the ~50 WHR, 4\ loci are from those observed for the BMI-associated loci. They are
predominantly expressed in white adipose tissue, and the pathways in which they are
implicated include adipogenesis, angiogenesis, transcriptional regulation, and insulin
resistance (Figure 4.2, Panel B).

Insights from More Refined Obesity Traits

So far, fewer loci have been identified for refined traits such as body fat percentage, VAT/
SAT, and circulating leptin levels. Since their measurement is substantially more invasive
and expensive than BMI and WHR, they are available in fewer studies, which limits the
statistical power for discovery. Nevertheless, GWAS meta-analyses for these refined traits
have revealed several new loci that had not been identified before in much larger GWAS
of BMI or WHR, 4ig\i1, providing unique new insights. For example, in a GWAS for body
fat percentage, a variant near IRS1 was identified, in which the body-fat-increasing
allele is associated with a protective effect on type 2 diabetes and cardiovascular disease.
Detailed follow-up analyses showed that the body-fat-increasing allele influenced only
the subcutaneous fat depots and not the metabolically harmful visceral fat tissue.

Gene—Environment Interaction

Genes and lifestyle factors do not simply act additively or independently; rather, they
interact synergistically and in time- and gender-dependent ways. The most convincing
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evidence for this type of interaction has been provided for the FTO locus. Several studies,
including a large-scale meta-analysis of more than 218,000 individuals, found that the
BMI-increasing effect of FTO variants is ~30% lower among physically active individu-
als than among inactive individuals. A similar interaction has been reported with dietary
factors; that is, FTO’s effect on obesity is reduced in individuals with a healthy diet.
Furthermore, the genetic susceptibility to obesity, broadly assessed as the aggregate
of numerous established BMI-associated loci, is also sensitive to environmental influ-
ences. Large-scale studies have shown that a physically active lifestyle attenuates the
genetic susceptibility to obesity by 30-40%, compared to an inactive lifestyle. Thus, even
the most genetically predisposed individuals benefit from adopting a healthy lifestyle.

Conclusions and Future Directions

Advances in high-throughput genotyping technology and insights into the architecture
of the human genome have accelerated gene discovery over the past 10 years. As current
sequencing efforts increase the resolution with which the genome is being interrogated,
gene discovery advances focus on the identification of rare (coding) variants, with the
expectation that they have functional implications on a gene (and its protein) and larger
effects on obesity risk.

Despite the large number of loci identified thus far, they explain only a fraction of
the heritability factor, and for most loci, the causal genes and/or variants remain elusive.
Future research needs to focus on prioritizing and annotating the putative candidate
genes/variants within each locus, which are needed for an in-depth functional character-
ization of the pathways involved in body weight regulation.
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The Epigenetics of Obesity

ALEXIS C. FRAZIER-WOOD
DAVID B. ALLISON

he term epigenetic factors refers to changes in structure of DNA that do not
change the sequence of the DNA but may have phenotypic consequences. Epigenetic
changes are lead candidate mechanisms for explaining why genetically identical mice,
raised concurrently within the same litter, can show extreme differences in coat color
and body size. Similarly, cloned mice show increases in body size that are not attributed
to the DNA sequence and are not passed to offspring. However, some epigenetic effects
are transgenerationally inherited, and this may be one explanation why highly heritable
conditions such as obesity have shown increases in prevalence beyond that which can be
presumably explained by the rate of de novo DNA mutations.

Epigenetic processes are a vital part of normal human development. For exam-
ple, imprinting, the silencing of genes dependent on the parent from which they were
inherited, prevents asexual reproduction by silencing maternal genes necessary for life,
such that viable offspring only arise when these genes are inherited paternally. Males
and females are distinguished by their sex chromosomes; males carry an X and a Y
chromosome, while females carry two X chromosomes. X-inactivation (lyonization) is
the inactivation of one of the two X chromosomes in females, such that the constitu-
ent genes no longer have biological effects (silencing). Methylation, the most common
epigenetic change studied in the context of human obesity, refers to the addition of a
carbon atom bonded to three hydrogen atoms (a methyl group) to a location in DNA—
most commonly to a cytosine—guanine nucleotide pair bonded by a phosphate bond (a
CpG site). Methylation, in concert with other mechanisms, underlies imprinting and,
in concert with histone acetylation, is responsible for X-inactivation. Methylation also
has important direct effects on human development; in the immediate postconception
period, DNA methylation allows the temporary activation of differentiation-specific
genes in pluripotent cells, forming cells with different functionality despite having the
same DNA sequence.

31
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The role of “aberrant” epigenetic factors in disease was first elucidated in the field
of cancer. While the importance of epigenetic processes to other diseases states is slowly
being appreciated, challenges in studying epigenetic processes in human chronic diseases,
as opposed to in tumors, have led to a slower development of epigenetics in obesity.

Epigenetic Effects on Adipose Tissue Function

There is a known involvement of epigenetic changes in adipose tissue differentiation
and function. Adipose tissue depots have a specific gene expression profile compared
to other cell types, and noncoding RNAs are critical in the regulation of adipogen-
esis. Methylation in early embryogenesis is partly responsible for the differentiation
of pluripotent stem cells into three different types of adipocytes that are thought to
have differing effects on overall adiposity levels: brown, beige and white. However,
whether individual differences in epigenetic marks across the lifespan are responsible
for, or even correlated with, individual differences in the relative proportion of these
adipocyte cells and/or the interindividual differences in the functioning of these cell
types (e.g., differences in the thermogenic potential of brown vs. white adipose tissue)
is unknown. Epidemiological studies have offered alternative insights into the associa-
tion of epigenetic changes with obesity risk, but these need to be understood within
the confines of methodological difficulties inherent in studying epigenetic processes in
humans in observational research.

Syndromic Obesity and Epigenetic Changes

A distinction is often made between three types of obesity: monogenic, syndromic, and
polygenic. Polygenic obesity, sometimes called common obesity, has a complex etiology
involving many genes of small effect that act in addition to, and interact with, environ-
mental contributors to obesity. Common obesity is considered to account for most of the
current obesity prevalence, is the subject of most epidemiological epigenetic research,
and is the focus of this chapter. However, syndromic obesity, obesity that arises as part
of a more complex disorder that often includes severe intellectual disability, dysmorphic
features, and/or morphological changes in organ development, provides one of the best-
described human models of epigenetic changes in obesity.

Prader-Willi syndrome, a condition characterized by severe intellectual disability,
accompanied by obesity arising from hyperphagia, arises from a deletion at 15q11.2—
q12; however, the Prader-Willi phenotype is seen only when the deletion is inherited
from the paternal allele. When the maternal allele contains the same deletion (or a muta-
tion in the same region), the Angelman syndrome phenotype is seen. Despite originating
from the same genetic mutation, hyperphagia does not arise in Angelman syndrome, nor
is Angelman syndrome associated with obesity.

Such “parent-of-origin” effects are known as imprinting. The expression of imprinted
genes differs based on the mode of inheritance: Co-segregation of certain alleles with
maternal or paternal origin alters the DNA methylation in the promoter regions of the
gene, altering gene transcription. While it was hoped that syndromic obesity would pro-
vide a model for understanding common obesity, few such parent-of-origin effects have
been reported and validated in humans with common obesity.
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Methodological Difficulties with Human Epigenetic Studies
of Common Obesity

Studying the effects of epigenetic variation on health outcomes in humans has many chal-
lenges. First, most epigenetic marks are tissue-specific. Once gastrulation has occurred in
utero, epigenetic effects will be conserved at least across the three germ layers. Later on in
development (pre- or postnatally) epigenetic marks will be conserved via mitosis, and so
are usually organ-specific. To conserve methylation across cell replications, DNA meth-
yltransferase 1 (DNMT1) binds to the parent, methylated strand of DNA and methylates
the new strand. Other DNMTs do not bind to methylated DNA but rather are involved
in de novo methylation, a process that DNMT1 less commonly completes. While some
tissues that are highly relevant to understanding the pathogenesis of obesity are more or
less readily available in human studies (e.g., adipose tissue), others are prohibitive to col-
lect, such as pancreatic, liver, and brain tissue.

A second concern is the poorly understood dynamic nature of many epigenetic
marks. Methylation changes in response to several known environmental factors, such
as stress, nutrition, and exercise, and it is not yet understood how quickly these changes
occur and how long they persist, in both a tissue-specific and a global sense.

Third, epigenetic changes can be both a cause and a consequence of health condi-
tions such as obesity. Untangling these may require expensive longitudinal studies or
intervention studies that need to be conducted in animals but make inferences to human
populations difficult. Finally, while the ability to survey the whole genome for epigenetic
differences (epigenomewide association studies; EWAS) associated with a trait allows the
development of new hypotheses and the detection of methylation loci—trait associations,
there remain statistical problems with this approach. A costly correction for multiple test-
ing makes it difficult to detect small effect sizes without extremely large samples; it is not
known whether epigenetic effects on adiposity are large enough to survive this.

Fetal Programming Studies of Obesity in Humans

Two times in human development are characterized by widespread demethylation and are
therefore particularly sensitive to epigenetic changes: gametogenesis and early embryo-
genesis. The “fetal programming hypothesis” suggests that due to changes during these
early stages of development, the risk of subsequent chronic disease is partially set in
utero, the effects of which are manifest later in life. One of the earliest demonstrations of
the fetal programming hypothesis was studies of the offspring of Dutch famine victims.
Epidemiological follow-up studies of the Dutch famine survivors of 1944-1945 reported
that exposure to maternal caloric restriction occurring as a result of the famine and sub-
sequent rationing, during the third trimester of pregnancy, and reduced food supply in
the first year of life was associated with decreased obesity rates of the offspring up to 30
years after birth.

However, neither caloric restriction in the third trimester nor caloric restriction in
the postnatal period were, on their own, associated with obesity differences. In addi-
tion, the epigenetic changes were inferred (at that time, attributed to effects on the dif-
ferentiation of hypothalamus cells in utero, which are involved in the regulation of food
intake) and not directly observed. Finally, although the natural experiment provided a
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unique opportunity to study the effects of famine on unselected, free-living individuals,
the lack of scientific control makes it hard to disentangle other factors, such as uterine
growth rate or the effects of early life stress on subsequent obesity. Nonetheless, the
idea that nutritionally mediated epigenetic changes occurring in utero are associated
with a host of chronic diseases remains one of the most popular hypotheses when
examining the association between intrauterine exposures and subsequent obesity risk
in the offspring.

Other Nutritional Influences on Epigenetic Changes In Utero

While other aspects of maternal dietary intake have been associated with offspring epi-
genetic changes, these have mostly been observed in animal studies and are less well char-
acterized than metastable epialleles, which makes it hard to know whether the changes
are linked to offspring adiposity. Studies with mechanistic links to obesity are accumu-
lating; for example, fatty acid supplementation in pregnant rat dams influences micro-
RNA (miRNA) expression in offspring liver and adipose tissue, providing a potential
mechanistic pathway to obesity. A maternal diet high in methyl donors is associated with
hypermethylation of the leptin (Ob) promoter, which reduces leptin in the offspring,
presumably via reduced expression of the leptin gene. However, while this should lead
to obesity via metabolic or behavioral changes associated with leptin deficiency obesity,
food intake was only increased in young pups, and only males show the obese phenotype
into adulthood.

Metastable Epialleles

Metastable epialleles (MEs) are one form of epigenetic change that occur i1 utero at the
very early postconception stage. MEs are methylation switches that occur early on in
embryonic development before gastrulation; therefore, as the separation of the three germ
layers has not yet occurred, they are conserved throughout all body tissues. There is no
evidence that methylation status at MEs can be altered; thus, they appear static rather
than dynamic. However, while a tempting target for examining the effects of epigenetic
changes on obesity, MEs on their own have limited utility because they are thought to
be rare compared to other epigenetic marks, and any role in human obesity, if it exists, is
likely to be small compared alternative epigenetic changes, often termed cell-type-specific
differentially methylated loci.

One of the first and subsequently the most well characterized example of an ME is
the murine agouti viable yellow (A"Y) ME. In mice, the Agouti gene encodes a paracrine
signaling molecule that encodes for two different types of melanin: either black eumela-
nin or yellow phaeomelanin. Expression of agouti in mice is dynamic throughout life, and
temporary phaeomelanin production in hair follicles leads to a yellow band on each black
hair shaft, which looks brown. Transposition of the intracisternal A particle upstream of
the transcription start site of Agouti alters the expression of Agouti and is responsible for
the yellow mouse fur seen in these mice. When this intracisternal A particle transposi-
tion occurs in early embroyonic development, the altered gene expression is not cell-type
specific (i.e., not seen only in hair follicle cells) and so has other outcomes. In mice, the
agouti protein is not only part of melanin formation but it also binds to the melanocortin
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4 receptor (MC4R), known to influence appetite. Mice with the intracisternal A particle
transposition that express agouti protein, in addition to having yellow fur, are hyperpha-
gic and have obesity, while their genetically identical counterparts, which do not express
the protein, are brown (called pseudoagouti), do not display increased appetite, and con-
sequently are without obesity. This demonstration of epigenetic effects, in which altered
adiposity is a “side effect” of the protein expression related to coat color, was one of the
first, and remains one of the most compelling, demonstrations that epigenetic processes
may play a role in obesity.

Inflvences on the Development of MEs In Utero

The murine AYY ME has been replicated and confirmed in numerous studies and serves
as one of the most popular models to examine factors that influence the development of
MEs in utero. Methylation requires a methyl donor, and several dietary factors, nota-
bly those that contain methionine (choline, methyltetrahydrofolate, soy isoflavones, and
vitamins B, and B,,) supply methyl for methylation. Maternal supplementation of these
factors, and of the neuroendocrine disrupter bisphenol A (BPA) preconception, leads to
increased methylation of CpG sites across A" in offspring and changes offspring coat
color in a stochastic fashion; the distribution of coat colors in the offspring is shifted
away from predominantly agouti offspring toward greater numbers of pseudoagouti off-
spring. Following the expectations of ME definitions, the methylation of CpG sites across
AYY in offspring are found across the three germ layers, including brain, kidney, and liver
tissue, reinforcing the notion that these changes appear early on in embryonic develop-
ment and are maintained into adulthood. Thus, if they play a functional role in the devel-
opment of human obesity, they may have effects across many organs that are pervasive
across the lifespan. However, in maternal supplementation studies, offspring do not show
the expected changes in offspring body weight; thus, the phenotypic effects of MEs in
human obesity remain under study.

Nutritional Effects In Utero on the Development of MEs in Humans

The seasonal variation in rural Gambia, which coincides with agricultural load, dem-
onstrated the association of perinatal nutritional status with MEs. The change in cli-
mate across the year divides the nutritional intake of women into two seasons: (1)
the “rainy” season, in which women work hard, eat more, and have higher plasma
concentrations of folate, vitamin B,, methionine, and betaine, and lower plasma-active
B,,, dimethyl glycine, homocysteine, and S-adenosylhomocysteine compared to (2) the
“dry” season, in which work is scarce and the stored food is eaten. Children conceived
during the rainy season have higher levels of methylation at CpG sites at six genes. The
methylation was maintained with a high correlation across hair follicles and peripheral
blood cells, suggesting that it was systemic, not tissue-specific. Validation studies in
tissues after autopsy showed that methylation at these sites is maintained across all
three germs layers, again suggesting that it develops early on in embryonic development
and is different between pairs of identical twin pairs, suggesting the methylation is not
genetically mediated and established probabilistically. Due to the association of meth-
ylation status at MEs with obesity in mice, and the association of maternal prenatal
nutrition status with obesity risk in humans, MEs are a leading candidate for being
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the mechanism between maternal nutrition at the time of conception and obesity, via a
known epigenetic mechanism, but follow-up studies on the adiposity status of offspring
are needed to confirm this.

The decreasing cost of whole-genome methylation arrays has made screening the
genome agnostically possible both for new studies and for existing epidemiological
cohorts with stored samples. This approach is appealing, but, as we mentioned earlier, is
not without statistical limitations, and the literature is fraught with a lack of replication
across studies and study-specific associations that are hard to interpret as a whole.

Summary and Synthesis

Maternal nutrition at the time of conception and during pregnancy is considered a factor
for individual differences in having obesity. The mechanisms underlying this association
are likely partially epigenetic in nature, but pinning down the exact nature, location,
and timing of these changes remains a challenge. This knowledge, when gained, will
have to be integrated into studies that consider the effects of these epigenetic changes in
utero in conjunction with epigenetic changes that occur across the lifespan in response
to age or environmental factors such as stress, exercise, and food intake. Currently, there
is optimism for identifying epigenetic changes that underlie not only the formation and
differentiation of adipose tissue cells but are also responsible for individual differences
in adiposity and obesity risk. This is far from a known conclusion, however, and this
remains an exciting area of research.

Glossary of Terms

CpG site. A site in the genome where a cytosine nucleotide is joined to a guanine nucleotide by a
phosphate bond; a common site for methylation.

DNA. Deoxyribonucleic acid.
Embryogenesis. The formation and development of the embryo.
Epigenetic change. The specific alteration responsible for an epigenetic process.

Epigenetic mark. A change in the DNA that does not alter DNA sequence, such as the addition
of a methyl group, but affects gene expression.

Epigenetic process. A process that alters DNA structure and consequently gene expression
independent of the DNA sequence.

Epigenomewide association study (EWAS). Interrogation of the genome for sites where
methylation associates with a trait of interest, without prior hypothesis as to the location of
such associations.

Fetal programming hypothesis. That the risk of chronic disease across the lifespan is partially in
response to the uterine environment.

Gastrulation. When the blastocyst changes from a single-layered organism to a trilayered
organism.

Imprinted genes. Expression changes that are dependent on the parent from whom a given allele
is inherited.

Metastable epiallele. A locus in the genome where methylation potential is set iz utero across all
tissues in response to perinatal factors.
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Methyl donor. A molecule containing a methyl group that can be transferred.
Methylation. The addition of a methyl group to a cytosine in the genome sequence.
Micro-RNA (MiRNA). An RNA molecule with effects on gene expression.

Silencing. The process by which genes are rendered inert, such that they have no biological
effects.

Transgenerational effects. The effect of some exposure or stimulus in one generation on the
phenotype in a subsequent generation.

X-inactivation. The silencing, or nonexpression, of genes on the X chromosome. Also known as
lyonization.
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Prenatal Effects on Body Weight

EMILY OKEN

he idea that factors present before birth might influence later health has its
foundations in the concept of programming, in which an exposure at a critical or sensi-
tive period of development can set lifelong health trajectories. This chapter summarizes
current knowledge on prenatal programming of growth and adiposity.

Intrauterine Growth and Later Size

A number of epidemiological studies, especially since the 1980s and 1990s, have exam-
ined associations of weight at birth with later body size and risk for cardiometabolic dis-
ease. Most of the earlier publications were from retrospective studies that took advantage
of previously existing public health or clinical records from birth or early life, and related
them to measurements in adolescence or adulthood. The advantage of this approach has
been the opportunity to follow individuals well into adulthood. However, several limi-
tations exist, including concern about generalizing results to modern populations from
those born in the early to mid-20th century, when social and nutritional conditions were
likely quite different. Also, limited information about pregnancy experiences and ges-
tational age at birth was available, such that it is difficult to know whether the smaller
babies were born prematurely, or experienced intrauterine growth restriction. Further-
more, not all babies survived to adulthood, which might bias results.

More recently, prospective studies have been established to follow children lon-
gitudinally from (or even before) birth. These studies, while more expensive and time
consuming to conduct, can provide more detail about prenatal experiences, including
maternal diet, smoking, and other behaviors, as well as gestational age at birth. Since
most researchers have commenced recruitment more recently, the data represent popula-
tions growing up within the obesity epidemic. As several of these cohorts now are enter-
ing their second and even third decades, they can now begin to reveal outcomes in early
adulthood that include not only biological intermediates but also disease outcomes.
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Despite the different types of limitations of the retrospective and prospective studies,
almost all have shown a direct linear relationship between size at birth and attained size
in childhood, adolescence, and adulthood. That is, individuals who had been born small
tend to be shorter and lighter, on average, and children born larger tend to be heavier.
These findings are supported by animal studies, in which experimental manipulations
such as early life over- or underfeeding lead to persistent changes in body size through-
out life, even when the animals are exposed to a similar environment after weaning. The
other important contribution from animal studies has been confirmation that there are
likely to be critical periods for these exposures. For example, in one study, rodents that
had been underfed in the period just after birth (which is developmentally similar to the
third trimester of gestation in humans) remained much smaller throughout their lives,
whereas those that experienced a similar period of underfeeding in later life regained
their body weight once food was again freely available. The importance of timing of
exposure is also highlighted in the findings of what has been called the “Dutch Famine
study.” Males in the Netherlands whose mothers had been exposed to severe caloric
restriction during the first trimester of gestation had higher weights at age 18 compared
with those who were born before the famine, whereas those exposed in later gestation
did not.

Most of the epidemiological studies measured attained size via weight, height, and
calculated body mass index (BMI), which incorporate both fat and lean mass. Increas-
ingly, studies are directly assessing adiposity, often via measurement of skinfold thick-
nesses, bioelectrical impedance, or dual X-ray absorptiometry (DXA) scans, all of which
provide similar estimates of body fat. These more detailed assessments have shown that
large babies tend to be larger because of both greater fat mass and greater lean mass.
Because of their greater adiposity, individuals who had been larger at birth tend to have
higher risk for obesity-related disorders. Interestingly, although small babies tend to
remain smaller and thinner, they are at higher risk for cardiometabolic diseases, includ-
ing type 2 diabetes, high blood pressure, and cardiovascular disease, especially after
adjustment for their attained BMI. There is also some evidence that those who had been
smaller at birth have a higher proportion of fat versus lean mass and greater central adi-
posity at any given BMI.

Ongoing research has sought to investigate upstream factors, especially those that
are potentially modifiable, that might underlie differences in size at birth and “program”
later size and health outcomes. Certainly, genetic factors might explain tracking of weight
throughout a lifetime, but genes are unlikely to explain the worldwide secular trends in
birth weight and body weight that have occurred quite rapidly, even within a generation.
The following sections briefly summarize the research into modifiable prenatal factors
that might influence growth and adiposity.

Maternal Weight Entering Pregnancy and Weight Gain during Pregnancy

Higher maternal weight entering pregnancy and greater gestational weight gain are each
linearly related to both higher weight at birth and higher offspring weight. For example,
compared with normal weight mothers, mothers who are obese entering pregnancy are
almost 2.5 times more likely to have a baby born at high birth weight, and three to five
times more likely to have a child who is obese. The relationship between higher gestational
weight gain and greater infant weight at birth is equally strong. These interrelationships
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likely derive from a number of factors, including shared genetics between mother and
child, shared maternal and child eating and physical activity behaviors, and shared envi-
ronment.

While prepregnancy weight and gestational weight gain are both theoretically modi-
fiable, the fact that half of all pregnancies are unplanned, and that many women do not
routinely seek care before pregnancy, has led most intervention efforts to focus on limit-
ing gestational weight gain. Current guidelines recommend weight gain ranges specific
to maternal BMI entering pregnancy: 25-35 pounds for women of normal BMI, greater
gain for those who are underweight, and less gain for those who are overweight or obese.
However, almost half of mothers gain more than recommended, and rates of excessive
weight gain are especially high among overweight and obese mothers.

Lifestyle interventions that target nutrition and exercise can succeed at lowering rates
of excessive gestational weight gain. Some interventions were also effective at decreasing
risk for poor obstetric outcomes that include being large for gestational age, or macro-
somia, especially in women who were high risk by virtue of being overweight or obese,
or having gestational diabetes mellitus. None of these studies has followed children long
enough to demonstrate any long-term effect on offspring obesity.

While similar trials are not yet available for prepregnancy lifestyle interventions,
indirect evidence for a direct, causal relationship between a mother’s weight and that
of her child comes from several streams of evidence. Children born to mothers who
were morbidly obese but had bariatric surgery prior to conception are less likely to be
obese and have improved cardiometabolic risk markers compared with children born to
similar mothers who had their bariatric surgery after pregnancy. Also, numerous animal
studies have revealed that maternal overfeeding before pregnancy can result in offspring
adiposity—even, in one creative experiment, if the embryo is removed after conception
and implanted via in vitro fertilization into an unexposed, normal weight mother.

Maternal Diet Quality

It is less clear whether the quality—as opposed to the overall quantity—of a mother’s diet
is important for offspring growth and health. Some evidence points to specific macro-
and micronutrients that might have relevance, but there has been little consistency about
which particular dietary factors have been studied. Furthermore, nutrient intake does
not often vary in isolation, but as part of a larger dietary pattern; thus, it can be difficult
to tease out whether it is the overall pattern, or specific foods or nutrients, that are most
important.

Gestational Diabetes Mellitus

While there is not strong evidence for a relationship between maternal glucose or car-
bohydrate intake during pregnancy and offspring size, it has long been recognized that
higher maternal circulating glucose concentrations during pregnancy predict higher birth
weight, as well as greater weight and adiposity in later childhood and adulthood. This
relationship was first recognized in the 1950s as “Pedersen’s hypothesis,” which posits
that glucose transfer between the mother and fetus across the placenta stimulates fetal
secretion of insulin, leading to greater fetal growth and neonatal fat mass. Both animal
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and human studies have been consistent in showing this relationship. Newer human data
suggest a key role for the placenta, which may up-regulate macronutrient transport to the
fetus in response to high circulating levels of glucose or other nutrients in the maternal
circulation. What is less clear is whether the relationship between diabetes during preg-
nancy and offspring attained size is solely attributable to the fact that mothers with dia-
betes tend to have higher weight and gestational weight gain before the time of glycemic
screening, or whether there is an additional independent contribution from the changes
associated with dysglycemia.

Maternal Smoking

Maternal smoking during pregnancy is associated with slower fetal growth. This rela-
tionship is so well established that in decades past, when operative deliveries were less
safe and routine, anecdotal evidence suggests that obstetricians recommended that their
patients smoke to prevent traumatic delivery of a large baby. It has therefore been some-
what surprising that several dozen published observational studies have now found that
children who were exposed to maternal smoking in utero are more likely to be obese
in later life. However, there is likely to be substantial confounding given that (at least
in modern developed settings) women who smoke tend to be of lower socioeconomic
status, which also predicts obesity. Unfortunately, there have been no randomized trials
of smoking cessation in pregnancy that followed children after birth, the most rigorous
approach to eliminating confounding. Many studies, now summarized in meta-analyses,
have statistically adjusted for social factors, and have continued to show the association
between maternal smoking and childhood obesity. These findings are also supported by
rodent studies, in which offspring of dams injected prenatally with nicotine are larger,
with higher body fat. Mechanisms remain unclear but likely include effects on hypotha-
lamic appetite centers.

Emerging Research

Emerging areas of inquiry have identified additional potential culprits. Synthetic chem-
icals are being released into the environment at an astounding rate. Some identified
chemicals inappropriately stimulate adipogenesis and fat storage, the so-called “envi-
ronmental obesogens.” Evidence already exists for a number of chemicals, including
bisphenol A, tribytultin, per- and polyfluorinated compounds, and air pollution; many
more likely exist that remain unstudied. These chemicals may even have intergenera-
tional influences.

The microbiome is another potentially important factor. For example, some evidence
suggests that delivery by cesarean section is associated with higher risk for later obesity,
and babies who are born via cesarean section have, at least in the short term, marked
differences in the intestinal microbiome compared with those delivered vaginally. Infant
diet is likely another source of influence on the microbiome, as intestinal microbiota dif-
fer between babies that are breast milk or formula fed. Several investigators, including
those at infant formula companies, are putting intensive effort into identifying beneficial
prebiotics, nondigestible carbohydrates, and other nutrients that promote colonization of
beneficial microbes.
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Summary

In summary, abundant animal and human observational research links prenatal expo-
sures with later size and growth. Some exposures, such as maternal prepregnancy BMI,
are likely mediated by greater intrauterine growth that tracks into later life; others, such
as maternal smoking, can have opposing effects on intrauterine and extrauterine growth.
Future evidence from well-designed human randomized trials will be helpful in not only
confirming causality but also identifying behavioral or other targets for intervention and
thus prevention. Additional animal and basic human studies will also be essential for
teasing out potential mechanisms by which these exposures can result in lasting changes.
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Taste, Eating, and Body Weight

LINDA M. BARTOSHUK

o foods taste the same to people who are obese? Do they like food better than
do nonobese people? These questions have fascinated investigators for years. But a psy-
chophysical error has compromised decades of research devoted to answering them. The
psychophysical error, a solution, and the resulting changes in our views are described in
this chapter.

Affect (Pleasure—Displeasure) of Taste, Olfaction, and Flavor

Taste affect is hardwired in the brain. Babies are born liking sweet and disliking bitter
and sour; salt receptors require some weeks to mature, but when they do, babies like
dilute salt but dislike strong salt (which stings the tongue). Evaluative conditioning stud-
ies show that olfactory affect can be transferred. Pairing neutral odors with positive
affect (e.g., sweet, liked foods, liked faces) can render them positive; pairing with negative
affect (e.g., nausea) can render them negative. It is unclear whether any olfactory affect
is hardwired in humans, but some negative olfactory affect is believed to be hardwired in
lower animals (e.g., cadaverine is negative in zebrafish).

Olfactory stimuli enter the nose by two routes. In orthonasal olfaction, sniffing
brings volatiles from the environment through the nostrils and into the nasal cavity. In
retronasal olfaction, chewing and swallowing force volatiles from the mouth up behind
the palate and into the nasal cavity from the rear. Retronasal olfaction and taste project
to common brain regions, where they are integrated into flavor.

Taste sensations fall into a small number of categories. The classics are sweet, salty,
sour, and bitter. Over the years, other sensations have been proposed (e.g., metallic, fatty,
umami, alkaline) but are not universally accepted. There are many qualitatively differ-
ent olfactory sensations; these tend to be the names of the objects that emit the odorants
(e.g., smoky, minty, chocolate, vanilla, roast beef). The identity of foods comes primarily
from olfaction; food pleasure is a combination of hardwired taste pleasure and acquired
olfactory pleasure.
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Measurement Error: Invalid Psychophysical Comparisons
S. S. Stevens

In 1940, a committee of the British Association for the Advancement of Science (BAAS)
published “The Problem of Measurement.” Some of the physical scientists on the com-
mittee apparently could not conceive of any legitimate measures of sensation and S. S.
Stevens’s sone scale for loudness came in for special criticism. In 1946, Stevens responded
with the now classic “On the Theory of Measurement,” an article defining the proper-
ties of nominal, ordinal, interval, and ratio measurement. Magnitude estimation became
his most popular ratio scale; subjects assigned numbers to reflect the perceived intensity
of stimuli, such that one sensation twice as intense as another was assigned a number
twice as large. Cross-modality matching instructed subjects to assign the same number
to sensations of different quality that matched in intensity. The work resulting from these
advances established modern sensory and hedonic psychophysics.

Practical Category and Visual Analogue Scales: Within-Subject Comparisons

The practical measurement of sensations has been going on for many years, in spite of the
BAAS. The Greek astronomer Hipparchus (190-120 B.C.E.) devised a 6-point scale for
the brightness of stars. The Quartermaster Corps of the U.S. Army devised the Natick
9-point scale for food (sensory and hedonic versions). Clinicians devised the 10-point
scale for pain. These category scales (ordinal measurement) did not have ratio properties
(e.g., 4 on a category scale is not twice as intense as 2), but over the years, category scales
morphed into visual analogue scales that do have ratio properties.

Stevens’s magnitude estimation, category scales, and visual analogue scales can all
provide within-subject comparisons. For example, one might use a hedonic version of the
Natick scale to determine whether one type of coffee is liked more than another.

How Can We Make Valid Across-Group Comparisons?

As time went on, investigators began to propose hypotheses that required comparisons
across groups—for example, do women like coffee better than do men? These investiga-
tors simply used the available scales to make these across-group comparisons. However,
such comparisons are not valid.

Some reflection reveals the problem. We each live in our own subjective world; in
the absence of the ability to read minds, we cannot compare experiences directly with
others. Yet we may seem to do this. For example, if I describe my headache as strong and
you describe yours as moderate, this might seem to suggest that my pain is more intense
than yours. However, intensity descriptors (e.g., moderate, strong) may denote different
absolute intensities to different people.

The following experiment illustrates the challenge and offers a solution. Consider a
visual analogue scale for sweet: a line labeled “no sensation” at one end and “sweetest
you have ever tasted” at the other. Suppose we sort subjects by the number of taste buds:
One group has the most and another group has the fewest. Now we ask all subjects to
rate the sweetness of a soft drink on our sweet scale. Most subjects will rate the sweetness
about the same, roughly two-thirds of the way above “no sensation.” This suggests that
perceived sweetness intensity does not relate to the number of taste buds.

However, do the experiment a different way. Each subject puts on headphones and
adjusts a sound generator, so that the loudness of the sound matches the sweetness of
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the soft drink (cross-modality matching). Now our two groups will behave differently.
Those with the most taste buds will set the sound around 90 db (about the loudness of
a train whistle). Those with the fewest taste buds will set the sound intensity around 80
db (about the loudness of a telephone’s dial tone). Based on Stevens’s sone scale, we know
that an increase of 10 db reflects a doubling of loudness. Thus, those with the most taste
buds matched their sweetness to a sound twice as loud as did those with the fewest taste
buds. If both groups perceive loudness the same, we have just shown that those with the
most taste buds experience twice the sweetness as those with the fewest. This method is
called magnitude matching. Experiments such as the soft drink study led to the discovery
of supertasters: those who experience the most intense taste sensations.

Global Sensory Intensity Scales (GSIS)

Magnitude matching is now easier because of the development of labeled scales devised
to meet its requirements. In our laboratory, for sensory comparisons, one end of a line is
labeled “no sensation,” and the other end, “strongest sensation of any kind ever experi-
enced.” We ask subjects to note the experience that is the strongest to them. This permits
us to be certain that the sensation we wish to compare across groups is not the sensation
the subject finds the “strongest” (i.e., this ensures that the top label, which serves as the
standard, is independent of the sensations to be compared).

Global Hedonic Intensity Scales (GHIS)

For hedonic comparisons, one end of our scale is labeled “strongest dislike of any kind,”
and the other end, “strongest like of any kind”; the center is labeled “neutral.” Similar to
the sensory scale, we ask subjects to note the experiences that determine the outer bound-
aries. Valid comparisons require that the affective experience to be compared across
groups be independent of that comprising the most intense affect (positive or negative).
For example, we are able to compare liking—disliking of foods across groups because the
strongest liking—disliking is rarely a food experience.

Sweet—Fat Preferences and the Body Mass Index

Studies dating back to the 1950s appeared to show no sensory difference associated with
sweet or fat in individuals of varying BMI. Hedonically, obesity was thought to be asso-
ciated with enhanced liking for fat but not for sweet. We revisited these conclusions
in 2006. Magnitude matching confirms the early conclusions for fat: Fat evokes more
pleasure in people who are obese. The story is different for sweet. Sweet sensations are
reduced slightly in people who are obese; correcting for this and using magnitude match-
ing shows that sweet is liked more by obese people than by nonobese people.

Pleasure from Food and the Body Mass Index

Several older reviews concluded that obese and nonobese people get similar pleasure from
food. We revisited this conclusion in 2008 with magnitude matching. We found that
when food liking is assessed with a food questionnaire, the liking ratings correlate with
the body mass index (BMI): Obese persons like food more than do nonobese persons.
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A variety of functional magnetic resonance imaging (fMRI) studies have examined
the neural mechanisms underlying food pleasure. One interesting hypothesis (anhedonia)
argues that reduced liking for food leads to overconsumption. This hypothesis rests on
the empirical observation of reduced dopamine activity in the brain reward circuits of
obese individuals, as well as the assumption that dopamine activity in these areas medi-
ates liking. This assumption was apparently based on the faulty psychophysics of an
earlier era.

In general, some fMRI studies use within-subject comparisons to relate brain activ-
ity to sensory or hedonic experiences (e.g., correlating variation in brain activity with
increasing concentration of a taste solution). However, other fMRI studies require
across-subject comparisons (e.g., associating variation in brain activity with magnitude
of liking—disliking a stimulus in both obese and nonobese individuals). Such compari-
sons require psychophysical methods capable of rendering valid comparisons. How many
associations between functional imaging and behavior have been compromised because
of invalid psychophysical comparisons?

Taste Genetics and the BMI

The first genetic variation in taste was discovered in 1931; PTC (phenythiocarbamide)
and its chemical relative PROP (6-7-propylthiouracil) are bitter to most individuals (tast-
ers), but tasteless or nearly so to some (nontasters). We now know that the gene that
expresses the receptors that bind PTC and PROP is only one of 25 bitter genes.

Supertasting is more complex in that it is likely to result from several genes. Super-
tasters perceive the most intense tastes, have the most taste buds, and perceive the most
intense sensations from fats and irritants, chiefly because of anatomical associations
between taste buds and receptors conveying touch and pain. Supertasters are more likely
to be female and not European American.

The meaning of associations between PROP status and BMI is not always clear. Is
PROP bitterness itself associated with BMI, or is the association actually with aspects of
supertasting (e.g., oral anatomy)?

Taste Pathology and the BMI

One of the possible reasons that we see sensory differences between obese and nonobese
people is that some taste pathologies result in sensory alterations that can enhance the
palatability of energy dense foods.

Taste pathology is common, because some of the nerves mediating taste are espe-
cially susceptible to damage. The chorda tympani nerve (taste on the anterior tongue)
exits the tongue with a branch of the trigeminal nerve (pain and touch on the anterior
tongue), so dental anesthesia for pain control can damage the chorda tympani. Next, the
chorda tympani passes through the middle ear, where it is vulnerable to middle ear infec-
tions (otitis media). Head injuries can damage the chorda tympani as it travels through
bone to the brainstem. The glossopharyngeal nerve (taste and somatosensation on the
posterior tongue) is adjacent to the tonsils. The nerve is normally protected by a muscle
layer, but that muscle is missing in some individuals; in these cases, the glossopharyngeal
nerve may be damaged during tonsillectomy.
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Nerve signals from the chorda tympani and glossopharyngeal nerves mildly inhibit
one another centrally. Damage to one nerve releases its inhibition on the central pro-
jection of the other nerve; increased neural response from that central projection area
compensates for the damage, resulting in stable whole-mouth sensation (taste constancy).
In certain individuals, this release of inhibition overcompensates: Some patients with
mild taste damage show intensified whole-mouth taste sensation, which in turn elevates
retronasal olfaction. Taste damage can also release inhibition on oral touch and pain,
thereby intensifying sensations evoked by fats (creaminess, oiliness, viscosity, thickness)
and irritants (spiciness, burn). These alterations in the sensory properties of foods may
enhance palatability of energy-dense foods, leading to BMI gain. Also, the taste stimula-
tion provided by eating can reduce pain, leading to yet another motive to overeat.

Conclusions

Earlier studies appeared to show that food tastes the same and is equally liked by obese
and nonobese individuals. A new look at how we make psychophysical comparisons has
shown that both of these conclusions are false. Psychophysical scales were devised for
within-subject comparisons: Is caffeinated coffee liked better than decaf? As the impor-
tance of differences in perception began to emerge, investigators used those same scales
to make across-group comparisons: Do obese people experience less pleasure from food
than do nonobese people? These comparisons are invalid, because we cannot experi-
ence the sensations of others. Apparent comparisons (e.g., “That lemonade tastes strong
to me; is it strong to you?”) are illusory, because intensity descriptors (e.g., strong) can
denote different intensities to different people. The solution we favor, magnitude match-
ing, involves relationships between sensations of interest and a standard that is inde-
pendent of the sensation of interest. We now know that food does not taste the same to
obese and nonobese individuals. One compelling reason is that taste damage can alter the
sensations evoked by food, such that energy-dense foods become more palatable, leading
to weight gain.
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Physiological Adaptations Following Weight Reduction

MICHAEL ROSENBAUM
RUDOLPH L. LEIBEL

espite the development of numerous pharmacological, mechanical, and life-
style interventions, the ~85% recidivism rate following otherwise successful nonsurgical
weight loss has remained relatively constant for over three decades. For example, in the
Look AHEAD Study, only 38% of subjects were able to lose at least 10% of their weight
within the first year of the intervention, and only 16% were able to sustain a 10% or
greater weight loss for 4 year(s), even with intense lifestyle intervention.

The physiological responses to alterations in body weight in the context of the rela-
tive long-term constancy of body weight in adults suggest that body weight (stored fat)
is “regulated” (see Figure 8.1). This regulation reflects evolutionary forces promoting
defense of body fat in service of reproductive integrity and survival in circumstances of
restricted access to food. The tenacity and strength with which the body defends its fat
content, compensating for fat loss by lowering energy expenditure and increasing hunger,
accounts for a substantial portion of weight regain. These compensatory processes are
suitable candidates for pharmacological and other interventions.

Evidence That Body Weight Is Regulated

Heritability quantifies the proportion of the variance in a given trait that is attributable
to genes in individuals living in a specified environment. In children and adults, body fat-
ness, weight change in response to overfeeding and underfeeding, and multiple other key
factors in energy homeostasis (energy expenditure, food choice, growth patterns, etc.) are
all strongly heritable (heritability estimates range from approximately 0.30 to 0.75). In
adults, the remarkable constancy of body weight and composition over long periods of
time (the average American gains 0.5-1.5 kg/year or about 4,000 kcal of stored energy),
representing an approximately 0.4% positive “error” relative to a total caloric intake
of approximately 900,000-1,000,000 kcal/year. The “coupling” of energy intake and
output necessary to achieve this constancy is evident when one considers that simply
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FIGURE 8.1. Physiological and behavioral adaptations to reduced weight maintenance. "Not at least
partially reversed by leptin repletion in subjects maintaining a 10% or greater reduced body weight.

increasing or decreasing energy expenditure by 50 kcal/day (roughly equivalent to the
energy expended in walking half a mile) without changing energy intake would result in
a net energy imbalance of 25,000 kcal (about 4.5 kg of body weight) over 1 year.

Stored energy (fat) is a key component of survival and of reproductive integrity in cir-
cumstances of restricted access to food. Therefore, the pressures of natural selection and
predation have likely favored genetic enrichment for alleles favoring energy ingestion,
storage, and conservation. As a consequence of such evolutionary forces, genetic—physi-
ological mechanisms for defense of body fat are more potent than those for resisting its
accretion.

Physiological Response to Sustained Weight Loss

Conventional wisdom holds that “behavioral” issues related to persistence of “bad hab-
its” that provoke weight gain in the first place account for much or all of the virtually
inexorable weight regain following dietary weight loss. However, the control of energy
stores is achieved through coordinated regulation of energy intake and expenditure medi-
ated by signals emanating from adipose, gastrointestinal, and other endocrine tissues,
and integrated by the liver and by regulatory (hypothalamus, brainstem), hedonic—emo-
tional (amygdala, ventral striatum, orbitofrontal cortex|, and executive—restraint (cingu-
late, middle frontal, supramarginal, precentral, and fusiform gyri) elements of the central
nervous system (CNS). Changes in these signals are not voluntary and are largely due
to the reduction in circulating leptin that accompanies a reduction in fat mass. These
physiological responses to maintenance of a reduced body weight are relieved by admin-
istration of “replacement” doses of exogenous leptin, and constitute the physiological
basis for the high recidivism to obesity of otherwise successfully treated patients. For
individuals successfully sustaining weight loss, the “price” is a lifetime of conscious effort
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to decrease energy intake and increase expenditure beyond the respective levels required
of individuals who are “naturally” at the same weight. Considerations of therapy should
be tempered by the fact that these responses are highly heterogeneous and that a “one-
size-fits-all” approach to behavioral, surgical, or pharmacotherapeutic interventions is
not likely to be successful. Though this is a discussion of the physiology of responses to
attempts to sustain weight loss, it should also be noted that there is a strong underlying
genetic basis for many of these responses, as evidenced by studies of the responses of
identical twin pairs to over- and underfeeding.

Energy Intake

Weight-reduced humans display increased region-specific functional magnetic resonance
imaging (fMRI) signaling in response to visual food cues in brain areas related to reward
(mainly the orbitofrontal cortex) and decreased signaling in the hypothalamus and brain
areas related to restraint (mainly the prefrontal cortex). Interestingly, studies of subjects
in the National Weight Control Registry indicate that successful maintenance of reduced
body weight is associated with extremely high levels of dietary restraint. Similarly, in
studies such as Look AHEAD Study and the Diabetes Prevention Trials (DPT), dietary
restraint has been positively associated with the degree of weight loss, and negatively
associated with the rate of weight regain during a supervised lifestyle intervention in
adults with type 2 diabetes or prediabetes. Autonomic nervous system (ANS) tone may
possibly modulate feeding behavior by effects on gut peptides such as cholecystokinin
(CCK), glucagon-like peptide 1 (GLP-1), nesfatin-1, peptide YY (PYY), and pancreatic
polypeptide.

Energy Expenditure
Components of Energy Expenditure

Maintenance of a 10% or greater reduction in body weight by lean or obese individuals
is accompanied by a decline in energy expenditure that is approximately 300-400 kcal/
day below that predicted by the new body weight and composition. In controlled inpa-
tient studies, we have found that this hypometabolism persists in individuals successfully
maintaining reduced weight for periods from 3 months to 6 years. Similarly, outpatient
studies, such as the National Weight Control Registry, report that individuals who are
successful at keeping weight off for periods of over 10 years still need to increase exercise
and decrease caloric intake to compensate for a similar decrease in energy expenditure
compared to those who are naturally the same weight. The degree of adaptive thermo-
genesis (changes in energy expenditure beyond those predicted by changes in body weight
and composition) following weight loss is quite variable (approximately +5% to —35%
below predicted following a 10% or greater dietary weight loss, with most adaptive ther-
mogenesis occurring in response to early (10%) weight loss. Even in sedentary individuals
who do not alter their level of physical activity, nonresting energy expenditure (NREE;
the energy expended in physical activity), accounts for the majority (~150-250 kcal/day)
of the disproportionate decline in energy expenditure; the remainder is accounted for by
declines in resting energy expenditure (REE). Notably, additional weight loss ( >10%)
results in further declines (adjusted for metabolic mass) in NREE but not REE. The
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decline in NREE is due mainly to an approximate 20% increase in skeletal muscle che-
momechanical contractile efficiency during low levels of muscle work. This increased
efficiency is correlated with increased relative expression in muscle of the more efficient
myosin heavy chain (MHC) and sarcoplasmic endoplasmic reticulum Ca?*-dependent
ATPase (SERCA) isoforms (MHC I and SERCA2). These responses are apparent conse-
quences of the neuroendocrine and autonomic changes described below. The simultane-
ous declines in both energy expenditure and satiety following weight loss conspire to
create the optimal biological circumstances for weight regain. Of note, some, but not all,
studies of subjects following bariatric surgery show a “blunting” of this disproportionate
decline in energy expenditure resulting—in humans—from relative increases in REE or
the thermic effect of feeding (TEF). In mice and rats, compensatory decreases in energy
expenditure following weight loss caused by bariatric surgery are minimal, perhaps due
to a lack of effect of surgical weight loss on sympathetic nervous system (SNS) tone and
the importance of SNS tone in regulating brown adipose tissue (BAT) thermogenesis in
rodents (see below).

Autonomic Nervous System

Parasympathetic and sympathetic branches of the ANS provide major outflow tracts
linking afferent biochemical signals regarding energy stores (e.g., leptin) to efferent tracts
regulating energy expenditure via the CNS. Increased parasympathetic nervous system
(PNS) output from the nucleus ambiguus in the dorsal motor nucleus of the vagus slows
heart rate and decreases resting energy expenditure. Activation of the SNS augments
hypothalamic—pituitary—thyroid (HPT) axis activity centrally and production of epi-
nephrine in the adrenal medulla peripherally. In white adipose tissue (WAT), increased
SNS tone increases lipolysis by direct innervations of WAT. Increased SNS tone is asso-
ciated with increased heart rate, decreased skeletal muscle work efficiency and, espe-
cially in rodents, increased thermogenesis by BAT due to uncoupling of mitochondrial
substrate oxidation from adenosine triphosphate (ATP) generation. Recent advances in
positron emission tomography (PET) scanning technology have allowed detailed imag-
ing of human BAT, but the magnitude of its thermogenic role in adult humans remains
unclear. SNS stimulation of both BAT and WAT has been shown to result in retrograde
sympathetic signaling to multiple hypothalamic areas involved in the regulation of energy
intake and output in rodents. The maintenance of a reduced body weight is associated
with reduced SNS tone and increased PNS tone, accounting for some of the dispropor-
tionate declines in both REE and NREE.

Neuroendocrine Function

The primary neuroendocrine effect of weight loss and maintenance of a reduced body
weight is lower activity of the hypothalamic—pituitary—thyroid axis as a consequence of
reduced circulating leptin. After more extreme reductions in fat mass, hypothalamic—
pituitary—gonadal (HPG) axis activity declines, as is seen in individuals with very low
body fat content due to exercise or eating disorders. The leptin-responsive hypothalamic
pro-opiomelanocortin (POMC)-melanocortin 4 receptor (MC4R) and neuropeptide Y
(NPY)/agouti-related peptide (AgRP) pathways in the paraventricular nucleus (PVN) of
the hypothalamus provide a nexus for the effects of relative hypoleptinemia, negative
energy balance, and decreased energy stores on energy intake and expenditure. Decreased
circulating (and CNS concentrations) of leptin during and following weight loss result in
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decreased activity of the HPT axis (decreased thyroid-stimulating hormone [TSH], tri-
iodothyronine [T3], and thyroxine [T4], and increased reverse T3 [rT3]) and, in cases of
extreme weight loss or leptin deficiency, decline in activity of the HPG axis. The decline
in thyroid hormone decreases REE and also decreases the relative expression in muscle of
the less chemomechanically efficient molecular isoforms: MHC II and SERCAT1. Despite
the fact that leptin-deficient or resistant animals are hypercortisolemic and the obese
phenotype can be prevented by adrenalectomy, studies of the hypothalamic—pituitary—
adrenal (HPA) axis after weight loss in humans have not consistently found changes in
cortisol production.

Leptin

Circulating concentrations of the adipocyte-derived hormone leptin are dependent on
energy balance and fat mass. During active weight loss (negative energy balance), circu-
lating concentrations of leptin are disproportionately (~50%, dependent on the degree
and duration of caloric restriction) reduced relative to levels anticipated for that fat mass
in a weight-stable individual. In animals, these decreases in circulating leptin result in
decreased POMC/cocaine- and amphetamine-related transcript (CART) and increased
NPY/AgRP in respective cells of the arcuate nucleus (ARC) of the hypothalamus. The
subsequent declines in the POMC-cleavage products alpha-melanocyte-stimulating hor-
mone (alpha-MSH) and beta-endorphin (beta-EP) result, respectively, in decreased hypo-
thalamic (PVN) expression of pro-thyrotropin-releasing hormone (TRH) and increased
cortisol production. The efficacy of leptin in altering energy intake and expenditure in
humans is dependent on the levels of energy stores (fat) relative to their “customary”
levels for that individual, and the status of energy balance (weight loss vs. maintenance).
Administration of leptin to congenitally leptin-deficient rodents and humans in doses
that restore circulating leptin concentrations to “normal” increases energy expenditure,
decreases energy intake, increases SNS activity, and normalizes HPA, HPT, and HPG
axis function. These effects are severely attenuated in humans during dynamic weight
loss (small decline in appetite), and almost nonexistent in obese or never-obese humans
at their customary body weights. Based on these observations, we and others have sug-
gested that each person has an individualized brain “threshold” for leptin signaling. This
“threshold” is the consequence of genetic, developmental, and metabolic influences on
the cells and molecules that constitute the leptin-sensing and response mechanisms in the
brain (primarily hypothalamus and brainstem). This threshold determines that the con-
centration of leptin is biologically “sufficient” for that individual. The threshold is higher
in obese than in lean individuals, resulting in obese individuals’ need for higher amounts
of body fat (leptin) to generate a sufficient signal to the brain. When concentrations of
leptin are below this threshold, anabolic metabolic and behavioral responses are trig-
gered. This model of leptin as a hormone whose effects are “asymmetrical” is consistent
with its lack of efficacy in subjects at usual weight.

Implications for the Future

Recent advances in the study of human physiology before, during, and after weight loss
raise important questions regarding possible directions for new therapeutic approaches
to obesity. It is clear from data such as the relative leptin-unresponsiveness of individuals
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losing weight versus individuals attempting to maintain a reduced weight, and the asso-
ciation of different genotypes and phenotypes with the degree of weight loss and weight
regain in large studies such as Look AHEAD and DPT that dynamic weight loss (negative
energy balance) and reduced weight maintenance (energy balance) are physiologically
distinct states. Expansion of inquiry into therapies specifically designed to delay or pre-
vent weight regain after otherwise successful weight loss may identify new approaches
to reduced weight maintenance treatment, the goals of which would be to “reverse” the
physiological responses to weight loss.

Acknowledgments

Preparation of this chapter was supported, in part, by Grant Nos. ULITR000040 and DK64773
from the National Institutes of Health.

Suggested Reading

Bouchard, C., & Tremblay, A. (1997). Genetic influences on the response of body fat and fat
distribution to positive and negative energy balances in human identical twins. Journal of
Nutrition, 127(5), 9435-947S.—Individual differences in susceptibility to chronic overfeed-
ing or in sensitivity to negative energy balance seem to be largely explained by genetic factors.

Rosenbaum, M., & Leibel, R. L. (2014). Adaptive response to weight loss. In R. F. Kushner &
D. H. Bessesen (Eds.), Treatment of the obese patient (2nd ed., pp. 97-112). New York:
Springer.—A review of the metabolic and behavioral responses to both dynamic weight loss
and static reduced weight maintenance.

Rosenbaum, M., & Leibel, R. L. (2014). 20 years of leptin: Role of leptin in energy homeostasis
in humans. Journal of Endocrinology, 223(1), T83-T96.—A review of the role of leptin in
human energy homeostasis.

Ryu, V., & Bartness, T. J. (2014). Short and long sympathetic-sensory feedback loops in white
fat. American Journal of Physiology: Regulatory, Integrative and Comparative Physiology,
306(12), R886-R900.—Demonstration of short feedback loops via the spinal cord and lon-
ger feedback loops via the brainsteam linking white adipose tissue with the sympathetic ner-
vous system.

Wadden, T. A., Neiberg, R. H., Wing, R. R., Clark, J. M., Delahanty, L. M., Hill, J. O., et al.
(2011). Four-year weight losses in the look AHEAD Study: Factors associated with long-term
success. Obesity, 19(10), 1987-1998.—Intensive lifestyle intervention in overweight or obese
adults with type 2 diabetes results in sustained weight loss of 5% or greater in 46% of sub-
jects with significant weight regain between years 1 and 4.

Wing, R. R., & Phelan, S. (2005). Long-term weight loss maintenance. American Journal of Clini-
cal Nutrition, 82(1), 2225-225S.—Individuals who are successful at sustaining weight loss
engage in significantly more moderately vigorous physical activity and consume fewer calo-
ries per day than individuals who are “naturally” at the same level of fatness.



Body Composition
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he relative importance of knowing the composition of the body greatly depends
on the question of interest. The need to assess body composition commonly arises in inves-
tigations of obesity and malnutrition, weight loss composition following bariatric surgery,
muscle wasting, sarcopenia, lipodystrophy, altered states of hydration, and osteopenia/
osteoporosis. Established gender differences in body composition influence treatment;
compared with men, women have more adiposity and less muscle mass, adjusted for height
and weight, and have proportionally less visceral adipose tissue (VAT). These differences
are attenuated in postmenopausal women. There are also metabolic consequences (e.g.,
insulin resistance) associated with high and low levels of body fat and with fat distribu-
tion. From a nutritional perspective, interest in body composition has increased multifold
with the global increase in the prevalence of obesity and its complications.

Body Composition Measurement Methods

No single body composition measurement method provides information on all body
tissues. Body composition measurement methods vary in complexity, cost, and preci-
sion, and range from simple field-based methods (e.g., anthropometry, bioimpedance
analysis) to more technically challenging laboratory-based methods (e.g., dual-energy
X-ray absorptiometry, air plethysmography, and magnetic resonance imaging). Unlike
in animals, on which dissections or carcass analysis can be conducted to determine and
confirm the mass of a specific tissue or depot, in living humans, in order to prioritize
participant safety, only noninvasive estimates can be performed.

Body Mass Index

The body mass index [BMI = weight (kg)/height (m)?] continues to be the most com-
monly used index of weight status, in which normal weight is a BMI of 18.5-25.9 kg/m?;
overweight is a BMI of 25.0-29.9 kg/m?; and obese is a BMI > 30.0 kg/m?. The BMI is
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a commonly used index of fatness due to the high correlation between BMI and percent
body fat in children and adults. The accuracy of the prediction of percent body fat is
dependent on age (higher in older persons), sex (higher in females), and race (higher in
Asians compared to African Americans and European Americans).

Anthropometry

For routine clinical use, anthropometric measurements (circumference measures and
skinfold thickness) have been preferred due to ease of measurement and low cost. Waist
circumference and waist—hip ratio measurements are commonly used surrogates of fat
distribution, especially in epidemiological studies. Waist circumference is highly corre-
lated with visceral fat, a clinical risk factor for the development of the metabolic syn-
drome. Specifically, waist circumferences greater than 102 c¢m (40 inches) in men and
greater than 88 cm (35 inches) in women are suggestive of elevated risk. Skinfold thick-
nesses, which estimate the thickness of the subcutaneous fat layer, are highly correlated
with percent body fat. Since the subcutaneous fat layer varies in thickness throughout the
body, a combination of site measures is recommended, reflecting upper and lower body
distributions. Predictive percent body fat equations based on skinfold measures are age
and sex specific in adults and children.

Bioelectrical Impedance Analysis

Bioelectrical impedance analysis (BIA) is a simple, inexpensive, and noninvasive body
composition measurement method. BIA is based on the electrical conductive properties
of the human body. Measures of bioelectrical conductivity are proportional to total body
water and the body compartments with high water concentrations, such as fat-free and
skeletal muscle mass. BIA assumes that the body comprises two compartments, fat and
fat-free mass (FFM; body weight = fat + FFM). Although BIA is best known as a tech-
nique for the measurement of percent body fat, more recently it has been used for estimat-
ing skeletal muscle mass as well. The equations developed to estimate body composition
by any BIA system are population-specific, such that they are most valid in populations
similar to the population in which a specific equation was developed. The validity of
BIA in very obese persons is questioned, since total body water (TBW) and extracellular
water relative to TBW are both greater in obese subjects compared with normal-weight
individuals.

Air Displacement Plethysmography and Hydrodensitometry

One of the oldest methods of measuring body composition, the determination of body
volume by water displacement (Archimedes’ principle), allows for the estimation of FFM
density (in which an assumption is made that densities of fat and FFM are constant across
individuals) from which percent body fat is calculated using a two-compartment body
composition model. A more commonly used method today for measuring body volume is
air displacement plethysmography. Limitations with the body volume approach include
the assumptions of stable densities of fat and FFM across the age range, which may not
be true in older individuals, and across racial/ethnic groups given that it is now known
that the density of FFM in black individuals is higher.
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Dual-Energy X-Ray Absorptiometry

Dual-energy X-ray absorptiometry (DXA) systems contain an X-ray source that, after
appropriate filtration, emits two photon energy peaks. The attenuation of the two energy
peaks relative to each other depends on the elemental content of tissues through which
the photons pass. Bone, fat, and lean soft tissues are relatively rich in calcium/phos-
phorus, carbon, and oxygen, respectively. DXA systems are designed to separate pixels,
based on appropriate models and relative attenuation, into these three components. There
are known factors, including hydration effects, that significantly influence the validity of
DXA fat and bone mineral estimates. Excessive or reduced fluid volume would be inter-
preted as changes in lean soft tissue. The radiation exposure is minimal, and DXA can
be used in children and adults of all ages. DXA measures in persons who fit within the
DXA field-of-view have good reproducibility for total body and regional components.
For persons whose body size extends beyond the DXA field-of-view, half-body scans
have been proposed; however, due to the inability to validate the half-body scan in large-
size individuals, the accuracy of the results remains unknown, and this approach is not
recommended.

Dilution Techniques

Because fat is relatively anhydrous, the body’s water is found primarily in the body’s FFM
compartment; approximately 73% of the FFM compartment is water in healthy, non-
obese adults. The body’s water pool can be measured using tracers, which, after adminis-
tration, dilute throughout the body. Plasma or saliva samples are obtained at baseline and
3 hours after administering the tracers in adults. Basic assumptions involved with tracer
dilution for body composition determination include equal distribution throughout the
pool of interest and complete dilution within a specific period of time without any loss.
Examples of commonly used tracers include deuterium oxide for total body water and
sodium bromide for extracellular water. These isotope dilution techniques allow for the
evaluation of fat and FFM without making the assumption that the hydration of FFM is
constant and therefore stable.

Quantitative Magnetic Resonance

The quantitative magnetic resonance (QMR) approach is a nonimaging technique
that uses a static magnetic field to detect the hydrogen atoms of fat, lean tissue, and
water by their particular spin characteristics, determined by their environment or by
the tissue to which they are attached. The radiofrequency relaxation signal from the
hydrogen atoms in the whole body is obtained to estimate fat mass, FFM, free water
(water not bound to tissues) and TBW. Using various pulse sequences, the QMR system
(EchoMRI-AH; Echo Medical Systems, Houston, TX) provides estimates of fat mass,
lean tissue mass, free water, and total body water. The QMR approach has important
advantages over currently available methods because it provides body composition esti-
mates with high precision and without the use of ionizing radiation. The adult system
can accommodate subjects up to 250 kg, almost double than that of the widely used
DXA approach.



60 I. FOUNDATIONS

Models in Body Composition

The use of models in the assessment of body composition allows for the indirect assess-
ment of compartments in the body. Typically, a compartment is assumed to be homog-
enous in composition (e.g., fat); however, the simpler the model, the greater the assump-
tions made and the greater the likelihood of error. The sum of components in each model
is equivalent to body weight. These models make assessments at the whole-body level and
do not provide for regional or specific organ/tissue assessments. The basic two-compart-
ment (2C) model is derived by measuring FFM by hydrodensitometry and subtracting
FFM from total body weight, thereby deriving fat mass (body weight — FFM = fat mass).
FFM is a heterogeneous compartment that comprises numerous tissues and organs. A
2C approach becomes inadequate when the tissue of interest is included within the FFM
compartment. Nevertheless, the 2C model is routinely and regularly used to calculate fat
mass from air displacement plethysmography/hydrodensitometry, TBW, and total body
potassium.

A three-compartment (3C) model consists of fat, fat-free solids, and water. The water
content of FFM is assumed to be between 70 and 76% for most species, and results from
cross-sectional studies in adult humans show no evidence of change in the hydration of
FFM with age. The fat-free solids component of FFM refers to minerals (including bone)
and proteins. The 3C approach involves the measurement of body density (usually by
air displacement plethysmography/hydrodensitometry) and TBW by an isotope dilution
technique. Assumptions are made that both the hydration of FFM and the solids portion
of FEM are constant. Because bone mineral content is known to decrease with age, the
3C approach is limited in its accuracy in persons or populations where these assumptions
are incorrect.

A four-compartment (4C) model involves the measurement of body density (for fat),
TBW, bone mineral content by DXA, and residual [residual = body weight — (fat + water
+ bone)]. This model allows for the assessment of several assumptions that are central to
the 2C model. The 4C approach is frequently used as the criterion method against which
new body composition methods are compared in both children and adults. The more
complex 4C model involves neutron activation methods for the measurement of total
body nitrogen and total body calcium, where total body fat = body weight — [total body
protein (from total body nitrogen) + total body water (dilution volume) + total body ash
(from total body calcium)].

A six-compartment (6C) model is calculated as follows: fat mass (measured from
total body carbon) = body weight — (total body protein + total body water + bone
mineral + soft tissue mineral [from a combination of total body potassium, total body
nitrogen, total body chloride, total body calcium] + glycogen [total body nitrogen] +
unmeasured residuals). However, the availability of neutron activation facilities is lim-
ited; therefore, the more complex 4C and the 6C models are not readily obtainable by
most researchers.

At the organizational level, a five-level model was developed in which the body can
be characterized at five levels. The following are the levels and their constituents: atomic
= oxygen, carbon, hydrogen, and other (Level 1); molecular = water, lipid, protein, and
other (Level 2); cellular = cell mass, extracellular fluid, and extracellular solids (Level 3);
tissue-system level = skeletal muscle, adipose tissue, bone, blood, and other (Level 4); and
whole body (Level 5).
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Insights into the Composition of Weight Loss and Weight Gain

Weight loss induced by bariatric surgery causes substantial losses in total and regional
adipose tissue within the first year of surgery, with continued losses between 12 and 24
months in women, despite no significant changes in body weight. Therefore, bariatric
surgery has an important effect on reducing adipose tissue depots even after body weight
has begun to stabilize. In both men and women, there was 77% reduction in VAT at 12
months postsurgery. In women at 24 months postbariatric surgery, VAT mass was lower
than that in age-matched women controls.

In adult females with anorexia nervosa, there is a greater loss in extremity fat com-
pared to central truncal fat during the weight loss or illness phase. Studies assessing
short-term weight restoration in adult females with anorexia nervosa show a greater gain
in trunk or abdominal fat. In fully weight-restored women, with long-term weight main-
tenance, body fat distribution is normal.

Conclusions and Future Directions

In summary, a range of techniques is now available to assess body composition safely
and accurately in living humans from birth through senescence. The more sophisticated
the model of body composition employed, the greater the complexity of the techniques
required. While there is a great demand for a simple, safe, accurate, and inexpensive
measurement method, such a technique does not yet exist.

Research efforts should concentrate on identifying the importance of monitoring
fetal and infant body composition for the tailoring of nutrition during pregnancy and
postpartum (energy, nutrient, and fluid requirements of the premature infant) and of
treatment interventions for the infant or child (drug dosing). There is a growing consen-
sus that phenotyping obese patients in the intensive care unit (ICU) could aid in their
treatment. However, many of the conventional body composition measurement methods
are based on assumptions that are violated in the very obese state that is further con-
founded when the patient is nonambulatory, ill (trauma, sepsis), and receiving medica-
tions and parenteral nutrition.

Monitoring the effects of interventions (behavioral, pharmacological, surgical) to
promote a healthy weight and a healthy body composition includes longitudinal measure-
ment of changes in body weight. In recent years, there has been a notable increase in the
number of apps that allow individuals to track weight, physical activity, and food intake/
eating habits on their smartphones. However, more important is the need to monitor the
composition of that weight change (e.g., in terms of fat and FFM).
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Energy Expenditure and the Regulation
of Energy Balance

ERIC RAVUSSIN

ody weight is the result of an intricate balance between energy intake (calories
consumed) and energy expenditure (calories burned) but, more importantly, between
protein, carbohydrate, and lipid ingested and oxidized (Figure 10.1). When energy intake
exceeds energy expenditure over an extended period of time, body weight is gained and
may lead to overweight and obesity. Whether the culprit of this weight gain is increased
energy intake or reduced energy expenditure is unknown, but it is likely to be a combina-
tion of both, with proportions of each varying from case to case.

Since Lavoisier’s famous statement “la réspiration est donc une combustion” (res-
piration is therefore combustion) in 1790, generations of scientists have actively studied
how the human body metabolizes energy and how to precisely measure this metabolism.
Progressing toward the development of metabolic chambers in the 1970s and doubly
labeled water (DLW) in the 1980s, many research laboratories in the world can now
precisely and accurately measure energy expenditure of organisms in laboratory and free-
living conditions. After a brief description of the methods to measure energy metabolism,
this chapter reviews the physiological and molecular mechanisms linking energy expendi-
ture and excess weight gain and discusses whether pharmacological approaches targeting
energy expenditure are feasible for the control of body weight.

Methods of Measuring Energy Expenditure

Several methods have been developed to measure daily energy expenditure in humans.
The most accurate methods involve continuous measurement of heat output (direct calo-
rimetry) or gas exchange (indirect calorimetry) in individuals who, confined to small
metabolic chambers, are unable to continue true activities of daily living. The DLW
method has been developed and validated and is now the method of choice to measure
energy expenditure in free-living conditions.

63



64 I. FOUNDATIONS

Energy Stores

20% Overfeeding Daily Oxidation (% stores)
> 60,000 kcal °
(kcal/day) /—ca\

—_

1,200 HH|:> Carbohydrate HUC> 50-100%
2,000kl

v

cop DI Protein i — 1.3%

40,000 kcal

—
~

1200 50| e
125,000 kcal

Energy
Balance

FIGURE 10.1. Energy balance equation. Body weight is an intricate balance between energy intake
(calories consumed) and energy expenditure (calories burned). However, calories are consumed on
a daily basis as proteins, carbohydrates, and fats (plus alcohol), and it is important to consider the
energy balance as the sum of the different ingested macronutrients. For someone requiring 2,500
kcal/day, approximately 20% of the intake comes from proteins, whereas carbohydrates and fats
each account for 40%. Interestingly, the ingested carbohydrates represent a 50-100% turnover
of the stored carbohydrates, whereas protein and fat intake represent approximately 1% each.
I have previously described how the different macronutrient balances are impacted by a surplus
or a deficit in energy. In conditions of energy surplus such as 20% overfeeding (3,000 kcal/day),
carbohydrate and protein stores appear to be well maintained and the surplus is stored mostly as
fat (~500 kcal/day). In conditions of energy deficit, once again, stores of protein and carbohydrate
are defended, and the energy deficit is accounted for by loss of fat mass.

Indirect Calorimetry

Under normal physiological conditions, neither oxygen nor carbon dioxide is stored in
the body. Therefore, an indirect way of measuring energy expenditure is to measure oxy-
gen consumption, carbon dioxide production, and nitrogen excretion. Presently, indirect
calorimetry is widely used in normal and diseased conditions, and is mainly performed
using open-circuit systems that can measure energy expenditure over several hours or
days. Metabolic chambers are large enough (12,000-30,000 L) for an individual to live
comfortably for up to a few days and can measure the various components of daily energy
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expenditure, including sleeping metabolic rate, the energy cost of arousal and of sponta-
neous physical activity, and the thermic effect of food.

Doubly Labeled Water

The DLW method is a form of “indirect” indirect calorimetry based on the differential
elimination of two nonradioactive isotopes, deuterium (*H) and 'oxygen (130) from body
water, following a single dose of these isotopes. Since 2H is lost from the body only in
H,O, while 80 is lost in both H,O and CO,, the difference between the two elimination
rates (80 — 2H) is a measure of CO, production, from which total daily energy expendi-
ture in the free-living state can be calculated. The major advantage of the DLW method is
that it provides an integrated measure of energy expenditure over 1-3 weeks with excellent
accuracy (1-3%) and precision (3—8%), yet requires only periodic sampling of urine.

Portable Smart Devices

Accelerometers provide a count value that describes the intensity, frequency, and duration
of physical activity. However, the reliability of accelerometers in estimating daily energy
expenditure is quite variable and often disappointing. The rapid development of commer-
cially available motion sensors coupled with GPS technology on smartphones or watches
will soon revolutionize the way individuals can assess their activity-related or even total
daily energy expenditure. Coupled with wireless scales, such technology will even allow
the calculation of daily energy intake in free-living individuals, using the principle of the
energy balance equation, without relying on the erroneous assumption that a change in
body weight of 1 pound signifies a net change in energy expenditure versus intake of

3,500 kecal.

Components of Energy Expenditure and Their Relevance
for Human Obesity

Total daily energy expenditure (TDEE) varies substantially in humans, such that two
adults with the same body size and body composition can have TDEEs that vary by as
much as 1,500 kcal/day. Understanding the inherent variability in energy expenditure
will potentially assist in elucidating dynamics of excess weight gain and obesity. Such
variability in daily energy requirements may be attributed to differences in the three com-
ponents of energy expenditure: basal metabolic rate (BMR), the thermic effect of food
(also termed diet-induced thermogenesis), and the energy cost of physical activity that
comprises both exercise and nonexercise activity thermogenesis (Figure 10.2).

Resting metabolic rate (RMR) accounts for 60-70% of TDEE and represents the
energy required to maintain essential functions of the body’s vital organs. It has long
been recognized that there is a close relationship between RMR and body size; this asso-
ciation has led to the development of widely used equations to predict RMR using sex,
weight, and height. Up to three quarters of the variance in RMR is determined by fat-free
mass and to a lesser extent, by fat mass, sex and age. Together, these four components
explain up to 85% of the inter-individual variance in RMR.

The thermic effect of food (TEF) is the increase in energy expenditure associated with
the digestion, absorption, and storage of food. It is the smallest component, accounting
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FIGURE 10.2. The components of daily energy expenditure. Basal metabolic rate (BMR; 60-70%)
includes the energy cost required to maintain the integrated systems of the body and homeostatic
temperature at rest, and can be divided into sleeping metabolic rate (SMR), the energy cost of
arousal, diet-induced thermogenesis, and activity thermogenesis during volitional and nonvoli-
tional activities. The latter is termed spontaneous physical activity (SPA) or nonexercise activity
thermogenesis (NEAT), and includes the energy cost of sitting, maintaining posture, fidgeting, and
so forth. Total daily energy expenditure and its components can be measured in the laboratory
in standard conditions and in free-living conditions. The left panel indicates the measurement of
daily energy expenditure for 24 hours in an indirect room calorimeter, and the right depicts the
total daily energy expenditure measured over 7-14 days using doubly labeled water.

for 5-10% of TDEE. Given the difficulty and variability in measuring TEF, its role in
the etiology of obesity is not clear. However, prospective studies have not identified a
relationship between TEF and weight change.

In distinction to the thermic effect of food of a single meal, diet-induced thermo-
genesis (DIT) is more related to the cumulative response to prolonged overfeeding. In
classical studies reported in Nature in 1979, Rothwell and Stock described that overfeed-
ing resulted in less weight gain than anticipated, probably related to the activation of the
sympathetic system, with concomitant increases in brown adipose tissue (BAT) mass and
activity. After the “rediscovery” of BAT in humans during the past few years, it has been
debated whether BAT can be stimulated in humans to induce a larger DIT and therefore
be involved in the resistance to weight gain. Unfortunately, our recent data in humans
seem to indicate that unlike cold-induced thermogenesis (CIT), DIT is probably not medi-
ated by BAT in humans.

Activity thermogenesis comprises two distinct types of energy thermogenesis—the
energy expended during exercise or structured physical activity (normally planned activi-
ties) and the energy expended in all other nonexercise activities (normally unplanned
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activities). The latter, originally described as spontaneous physical activity and subse-
quently called nonexercise activity thermogenesis (NEAT), includes activities such as the
energy cost of sitting, standing, talking, fidgeting, and pacing a room, and has been
suggested as a determinant of body weight control. The hypothesis that reduced physi-
cal activity is the cause of the worldwide obesity epidemic is an attractive one. Since the
amount of structured physical activity has remained relatively stable over the years, some
have hypothesized that the decrease in occupational physical activity may have been one
of the factors that has tilted the energy balance toward weight gain across populations.

The Role of Energy Metabolism in the Etiology of Obesity

Cross-sectional studies that compare lean and obese individuals have added little to our
understanding of the role of energy expenditure in the progression of obesity. Under-
standing the pathogenesis of human obesity demands longitudinal studies to reveal pre-
dictors or risk factors. The Pima Indians living in southwestern Arizona comprise one of
the most obese populations in the world, with the highest reported prevalence of type 2
diabetes and, as such, provide opportunities to examine predictors of weight gain. Risk
factors related to energy expenditure include a low metabolic rate, low activity thermo-
genesis, low sympathetic nervous system activity, and low fat oxidation.

Low Metabolic Rate

In prospective studies among nondiabetic Pima Indians, we found that a low metabolic
rate (adjusted for body size, age, and sex) correlated with subsequent weight gain years
later. Even if such a relationship was not found in other populations, our results dem-
onstrate that low rates of energy expenditure are significant predictors of weight gain,
at least in a population prone to obesity. Importantly, a low metabolic rate explains a
relatively low percentage of the variance in weight gain; therefore, other factors, such
as excessive energy intake and reduced activity levels, are likely culprits. After weight
gain, the metabolic adaptation (defined as a greater increase in energy expenditure than
predicted on the basis of the changes in fat mass and fat-free mass) was highly variable
between individuals. Similarly, my colleagues and I recently reported that a reduction in
energy expenditure in response to weight loss can counteract further weight loss or even
predispose to weight regain. Importantly, a recent report indicated that greater decreases
in energy expenditure during caloric restriction and/or less increase during overfeeding
predict less weight loss in weight loss attempts, thus confirming the presence in obese
people of “thrifty” and “spendthrift” phenotypes and their roles in weight control.

Low Fat Oxidation

The choice of nutrient substrate (carbohydrate vs. fat oxidation, as assessed by the ratio
between carbon dioxide production and oxygen consumption; respiratory quotient
[RQ]) may be an important factor in the etiology of obesity. After controlling for diet
composition, recent energy balance, sex, adiposity, and family membership, the 24-hour
RQ measured in a metabolic chamber was correlated with changes in body weight 3
years later among Pima Indians. Similar results have also been reported in European
Americans.
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Low Activity Thermogenesis

The most variable component of activity thermogenesis may be NEAT, also known as
spontaneous physical activity (SPA). Using whole-room calorimetry, longitudinal stud-
ies in Pima Indians demonstrated that SPA correlated inversely with the rate of weight
change 3 years later in males only. Even if several longitudinal studies have clearly dem-
onstrated the association between reduced NEAT-SPA and weight gain, the jury is still
deciding whether a similar association exists for habitual or structured physical activity.

Low Sympathetic Nervous System Activity

Reduced sympathetic nervous system (SNS) activity plays a causative role in several
rodent models of obesity and is related to energy expenditure. In Pima Indians, 24-hour
urinary epinephrine excretion rates were negatively associated with weight gain after a
3-year follow-up.

In summary, cross-sectional studies have not been informative about the determi-
nants of weight gain, since low metabolic rate, low activity energy expenditure, low SNS
activity, and low fat oxidation are all predictive of weight gain, whereas people with
obesity have high metabolic rate, high energy expenditure for activity, high SNS activity,
and high fat oxidation.

Molecular Mechanisms of Energy Expenditure Variability
and Avenvues for Treatment

Leptin

Leptin, a hormone predominantly secreted by adipocytes, primarily binds to receptors
in the entire central nervous system and plays a key role in regulating long-term energy
homeostasis. Humans with the ob mutation lack circulating levels of leptin and there-
fore develop severe, early-onset obesity with associated metabolic and behavioral con-
sequences, including hyperphagia, defective thermogenesis, and type 2 diabetes. Leptin
replacement therapy using daily subcutaneous injections has been shown to completely
reverse these symptoms in patients with congenital leptin deficiency. These early findings
in leptin-deficient patients suggested that administering leptin in obese patients would
be a stand-alone “magic bullet” for the treatment of obesity. However, disappointingly,
the results from a randomized controlled trial of daily subcutaneous recombinant leptin
injection showed similar marginal amounts of weight loss over the initial 4-week of the
study in both lean and obese subjects. In a small number of obese subjects studied for a
further 20 weeks, weight change varied widely among patients, from a loss of about 15 kg
to a gain of 5 kg in the group treated with the highest dose. Moreover, these doses induced
skin irritation and swelling at the injection site in 62% of patients and headache in half the
patients. The potential of leptin therapy as a panacea for obesity was a failure.

Leptin replacement therapy may be more pertinent for patients during weight loss
maintenance. In calorie-restricted animals and humans, exogenous leptin replacement
has been shown to reverse the metabolic adaptation induced by caloric restriction and to
restore energy expenditure, catecholamine and thyroid hormone levels, and skeletal mus-
cle efficiency to baseline values. Some of the recent studies of my colleagues and myself
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showed drastic metabolic adaptation (drop in RMR beyond what is expected on the basis
of the losses in fat-free and fat masses) in response to massive weight loss by bariatric
surgery (201 = 182 kcal/day) or by intense behavioral changes among participants in The
Biggest Loser TV program (504 = 171 kcal/day). Interestingly, the metabolic adaptation
was strongly related to the decrease in plasma leptin concentration (r = .47; p = .02; see
Figure 10.3). Such adaptation is what makes the simple 3,500 kcal per pound of weight
loss rule wrong.

Beta-3 Adrenergic Receptors

Beta-3-adrenergic receptor (ADRB3) agonists are very effective thermogenic and antiobe-
sity and insulin-sensitizing agents in rodents. Testing in humans with the first generation
of ADRB3 agonists revealed promising results on energy metabolism but poor selectivity
versus the beta-1 and beta-2 adrenergic receptor subtypes, leading to many undesired
effects. The second generation of ADRB3s had improved selectivity but poor oral avail-
ability or pharmacokinetics. Given these problems, we are not aware of any ADRB3s
that have progressed beyond Phase II clinical trials. However, given the recent findings
that BAT is present in adult humans, the potential of ADRB3 agonists for increasing the
amount and activity of BAT remains an active area of exploration.
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FIGURE 10.3. Correlation between metabolic adaptation and the percent decrease in circulating
leptin (r = .47, p = .02) among participants in The Biggest Loser TV program after 7 months of
weight loss (®) and among individuals after 6 (O) and 12 months (M) of weight loss following bar-
iatric surgery.
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Uncoupling Proteins and Activation of BAT

The uncoupling proteins (UCPs) gene and especially UCP1 encode for mitochondrial pro-
tein carriers, which uncouple respiration from adenosine triphosphate (ATP) production,
thus stimulating heat production. Activation of such proteins may therefore be impor-
tant to decrease metabolic efficiency and therefore help in weight control. Studies using
BE-fluorodeoxyglucose in positron emission tomography/computed tomography (PET/
CT) revealed the presence of BAT in adult humans. Currently, there is intense investiga-
tion into mechanisms for stimulating existing BAT or to induce BAT in white adipose
tissue as means to promote thermogenesis and energy expenditure.

Conclusions

The global obesity epidemic has stimulated intense interest in the genetic and molecular
basis of body weight regulation. Changes in the components of energy expenditure, which
comprises BMR, TEF, and physical activity thermogenesis have important roles in energy
balance. However, what ultimately determines “metabolic efficiency” is extremely com-
plex. All components of energy expenditure are likely influenced by interactions between
our individual genes and the environment, affecting many physiological and biochemical
processes. Recent progress in gene targeting and other technologies has pushed mouse
models to the forefront of this effort. Whether these preclinical findings will translate
into therapeutic utility for human obesity is not yet known. There is no doubt that the
field of energy expenditure has developed tremendously over the years, and understand-
ing the homeostatic balance between energy intake and energy expenditure will continue
to be an active research endeavor.
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Macronutrients, Energy Balance,
and Body Weight Regulation

KEVIN D. HALL

hen the rate of energy intake from eating food differs from the energy
expended to maintain life and perform physical work, the resulting energy imbalance
is accounted for by changes in the body’s energy stores. This energy balance concept is
merely a reiteration of the law of energy conservation and provides a quantitative frame-
work for understanding body weight regulation. This chapter provides an overview of
human energy balance, macronutrient metabolism, and examines the question of whether
body weight and energy balance are actively regulated.

Energy Balance Confusion

Unfortunately, the energy balance concept has often been identified with the “calories
in, calories out” theory of obesity and misinterpreted to imply that obesity is caused by
some combination of gluttony or sloth—a conclusion that is overly simplistic and leads
to weight bias, stereotyping, and stigma. Perhaps as a reaction to such false conclusions,
along with the fact that the omnipresent advice to eat less and exercise more has been
ineffective at reversing obesity, there has been a recent trend to deny that humans are
subject to the energy balance equation.

Energy balance deniers argue that humans do not metabolize foods in the same way
that bomb calorimeters measure energy. They propose that the energy content of the diet
is much less important than the quality of the diet when it comes to body weight regula-
tion. The obesity epidemic is argued to be primarily caused by a change in diet quality
and not increased energy intake or decreased expenditure. In particular, increased con-
sumption of refined carbohydrates is purported to be particularly fattening because of
their effect on insulin secretion and its well-known role in regulating adipose tissue fat
storage. While these assertions have become quite common in recent years, is there really
any solid evidence that the energy balance concept does not apply to humans?
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Macronutrient Metabolism and Energy Balance

The complex metabolic physiology that derives energy from oxidation of macronutrients
obeys the law of energy conservation. Furthermore, Hess’s law of path independence
dictates that the same net enthalpy change occurs in both the bomb calorimeter and the
human body. In other words, “a calorie is a calorie” when it comes to macronutrients
being oxidized in the calorimeter through combustion or via the intricate biochemical
pathways of oxidative phosphorylation inside cells. However, rather than equating the
abstract concept of body energy stores with body weight, as sometimes implied by the
energy balance equation, it is important to recognize that metabolizable energy is stored
in the body as protein, fat, and glycogen, which is a form of carbohydrate. Any imbalance
between the intake and net metabolic utilization of these macronutrients will lead to an
alteration of body composition, since the stored protein, fat, or glycogen must change to
account for the imbalance.

The energy stored per unit mass of carbohydrate, fat, and protein varies consider-
ably, especially when accounting for the intracellular water associated with stored gly-
cogen and protein. Furthermore, dietary carbohydrates have an impact on renal sodium
excretion via insulin, which results in concomitant changes of extracellular fluid. So cut-
ting carbohydrates is expected to result in greater losses of sodium and associated body
water than cutting other macronutrients. Therefore, changes of body weight are expected
when the macronutrient composition of a diet is altered, even when its energy content is
constant.

One could theoretically imagine the possibility of disassociating body fat balance
from carbohydrate and protein balance, such that body weight and composition could
be altered by manipulating the composition of the diet, without changing energy intake.
However, most human studies with adequately controlled diets have shown little impact
of diet composition on body weight and fat mass changes when calories are held constant,
and thereby demonstrate the exquisite regulation of metabolic fuel selection to adjust to
the macronutrient content of the diet.

Another way that diet composition could impact body weight and composition is
if the body’s energy expenditure rate depends on the macronutrient mix of the diet. For
example, it is well known that consumption of dietary protein elicits a significantly
larger increment of energy expenditure for several hours after a meal in comparison to
dietary fat or carbohydrate. Furthermore, the fluxes through various energy-requiring
metabolic pathways depend on the macronutrient composition of the diet. For instance,
the breakdown and resynthesis of body fat requires eight molecules of adenosine tri-
phosphate (ATP) per molecule of triglyceride, and the flux through this pathway is
strongly influenced by dietary carbohydrate via insulin’s inhibition of lipolysis. Simi-
larly, other energy-requiring metabolic processes, such as gluconeogenesis, de novo
lipogenesis, and protein turnover, can be significantly influenced by isocaloric changes
in diet composition.

Calculating the expected net impact of diet changes on overall energy expenditure
can be done using mathematical models that simulate how the various metabolic fluxes
are altered by changing diet composition. Despite the attractive theoretical possibility
of a significant “metabolic advantage” of one diet over another, the overall calculated
impact of diet composition on total energy expenditure appears to be relatively modest,
especially when dietary protein is unchanged. Specifically, large isocaloric exchanges of
dietary carbohydrate and fat result energy expenditure changes of less than ~500 kJ/day,
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which corresponds to only about a 10 g/day difference in the rate of body fat change.
Using current body composition methods, it would require a sustained period of many
months to detect such a difference in body fat directly.

Therefore, the energy balance concept that “a calorie is a calorie” is a reasonable
first approximation, since any differences in body fat due to varying diet composition are
likely to be so small in the real world that they will be lost in the sea of noise attributable
to the usual fluctuations in food intake.

Body Weight Stability Does Not Necessarily Imply Active Regulation
of Energy Balance

In his classic 1927 metabolism textbook, Eugene Dubois observed that “there is no
stranger phenomenon than the maintenance of a constant body weight under marked
variation in bodily activity and food consumption” (p. 228).This remarkable stability of
human body weight is often used as an argument for the active regulation of energy bal-
ance over time scales longer than a day. Indeed, daily energy intake is almost never equal
to energy expenditure, and the energy balance concept is only apparent when averaged
over some prolonged time period. What is the appropriate time scale for human energy
balance?

Mathematically, the equation representing human body weight dynamics has the
same form as that of an electric circuit with a resistor and a capacitor. The characteristic
time scale for such a circuit is given by the product of the resistance and capacitance, and
the circuit acts as a low-pass filter such that high-frequency fluctuations of the input volt-
age are damped to result in smaller and smoother fluctuations in the output. The longer
the characteristic time scale, the greater the damping of the rapid input fluctuations. The
analogous equation for human body weight dynamics has recently been shown to have
a characteristic time scale of years. Therefore, the relatively large fluctuations in day-to-
day energy intake are damped by several hundredfold, such that long-term body weight
is strangely stable. Therefore, mechanisms other than the active regulation of energy bal-
ance are sufficient to explain Eugene Dubois’s observation.

A similar argument for active regulation of human energy balance was made by
Jeffery M. Friedman in his commentary in Nature Medicine: “The average human con-
sumes one million or more calories per year, yet weight changes very little in most people.
These facts lead to the conclusion that energy balance is regulated with a precision of
greater than 99.5%” (2004, p. 567). This observation may be explained by the self-lim-
iting nature of body weight change as a result of weight-related changes in energy expen-
diture. In other words, if energy intake increases in a stepwise fashion, body weight and
energy expenditure will increase in parallel, until a new steady state of energy balance is
achieved after several years. Typically, each kilogram of eventual weight change requires
a sustained increase of ~100 kJ/day (~24 kcal/day) above a previously energy-balanced
baseline diet. About 50% of the eventual weight change occurs within 1 year, and 95%
within 3 years. Therefore, if a weight-maintaining person who was consuming 11 MJ/day
(~2,600 kcal/day) in energy balance adds an average of 100 kJ/day (~24 kcal/day) to his
or her daily diet, then he or she will gain about 0.5 kg after 1 year. This is equivalent to
storing less than 4,000 kJ ( <1,000 kcal) despite consuming more than 4 million kJ ( >4
million kcal) over the year. Therefore, active regulation of energy balance is not required
to explain Jeffery Freidman’s observation.
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While active regulation of energy balance is not required to explain the relative stabil-
ity of human body weight, this does not mean that energy balance is unregulated. Rather,
our ability to explain much of the observed body weight stability by passive mechanisms
means that active regulatory mechanisms need not be as precise as previously believed.

Evidence for Energy Balance Regulation

Active regulation of energy balance is likely to be observed in response to perturbations
that act to change body weight. For example, altering energy intake results in changes
in energy expenditure that are often beyond what would be expected based on the body
weight or composition changes alone. This phenomenon, called metabolic adaptation
or adaptive thermogenesis, has been repeatedly demonstrated in humans, and both rest-
ing energy expenditure and activity energy expenditure are altered in parallel. Further-
more, the magnitude of metabolic adaptation appears to be proportional to the change in
energy intake, the degree of energy imbalance, and may be mediated by changes in leptin
and thyroid hormones.

The evidence is less clear that human energy intake is actively regulated, but the
limited evidence base may be partially due to the difficulty in obtaining accurate measure-
ments of energy intake in free-living humans. In laboratory conditions, a small number of
experimental underfeeding studies in lean adults have consistently demonstrated weight
loss, decreased energy expenditure, and a subsequent increase in ad libitum energy intake
over short durations. A few experimental overfeeding studies in lean adults have found
that subsequent ad libitum energy intake was quite variable between subjects but tends to
return to near-baseline levels. These studies appear to suggest an asymmetry in the control
of energy intake, with increased intake following underfeeding and weight loss but incon-
sistent decreases following overfeeding and weight gain. Nevertheless, human laboratory
studies utilize a contrived food environment over short durations, thereby limiting their
ability to assess the control of energy intake more realistic settings over the long term.

When people undertake an exercise program in free-living conditions, body weight
losses are typically less than would be expected based on the added energy expendi-
ture of exercise. This suggests that energy intake may have increased to compensate for
the increased expenditure. However, it is also possible that other components of energy
expenditure, including nonexercise activity thermogenesis (NEAT) or spontaneous physi-
cal activity, may have decreased, or sedentary time may have increased to compensate for
the added exercise. Furthermore, even if energy intake does increase with the addition
of an exercise program, this may be a result of people rewarding themselves with food
rather than via a homeostatic increase in energy intake per se.

Better evidence for the active control of energy intake in free-living people requires a
means of covertly changing energy output in a manner unlikely to evoke central mecha-
nisms directly. For example, the recently approved class of diabetes drugs that inhibit
the sodium/glucose cotransporter 2 (SGLT2 inhibitors) result in consistent increases in
urinary glucose excretion, which thereby augments energy output by >1 MJ/day ( >200
kcal/day). These drugs result in significant weight loss that plateaus after ~6 months
and is sustained thereafter. However, the observed weight loss is much less than would
be predicted based solely on the increased energy output in urinary glucose. Therefore,
energy intake likely increased in these patients in response to either the increased energy
output or the weight loss itself.
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Active regulation of human energy intake may also be responsible for the typical
pattern of weight change following lifestyle interventions: initial weight loss, a plateau
after ~6—8 months, followed by slow regain (Figure 11.1). The model-simulated time
course of energy intake underlying these weight changes exhibits an exponential decay of
diet adherence, such that initial reduction in energy intake rapidly wanes and returns to
baseline levels. By the time of maximum weight loss success, intake is already very close
to baseline levels, and weight regain lags behind energy intake.

Summary

Despite the popularity of recent claims to the contrary, the human body obeys the prin-
ciple of energy balance. Diets with the same energy content that differ in their macronu-
trient composition typically have a similar impact on energy expenditure and body fat.
Nevertheless, diet composition may play an important role in modulating hunger, satiety,
and adherence to an intervention, thereby altering net energy intake and energy balance,
resulting in differences in body weight and composition.

The remarkable stability of human body weight does not necessarily imply that
energy balance itself is actively regulated. However, experiments that have perturbed
body weight from baseline suggest that both human energy expenditure and intake are
subject to active regulation. Much work remains to better understand the quantitative
strength of the feedback control mechanisms that regulate human body weight and their
potential variability between people.
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Cognitive Neuroscience and the Risk for Weight Gain
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esearchers have focused on the role of reward circuitry in obesity because eat-
ing high-fat/high-sugar food increases activation in reward regions (e.g., striatum, orbito-
frontal cortex [OFC]) and causes dopamine (DA) release in the striatum, with the amount
released correlating with meal pleasantness ratings and caloric density of the food.

Our purpose in this chapter is to review the primary neural vulnerability theories for
excessive weight gain and evidence (in)consistent with these theories. We focus mainly on
prospective studies and randomized experiments, as cross-sectional studies do not permit
unambiguous conclusions regarding temporal precedence and the directions of effects.

The Reward Surfeit Theory of Obesity

The reward surfeit theory of obesity posits that reward region hyperresponsivity to food
intake, which is presumably an inborn characteristic, increases risk for overeating and
consequent weight gain. In support, prospective functional magnetic resonance imaging
(fMRI) studies have found that reward region hyperresponsivity to high-calorie food
receipt predicts future weight gain. Two studies did not find a main effect, but they
did find that elevated caudate response to milkshake receipt predicted weight gain for
individuals with a genetic propensity for greater DA signaling capacity by virtue of pos-
sessing the TagIA A2/A2 allele, and lower caudate response predicted weight gain for
those with a genetic propensity for lower DA signaling capacity by virtue of possessing
a TaqlA A1 allele. These latter results converge with evidence that a genetic propensity
for elevated DA signaling capacity in reward circuitry predicts future weight gain, as
well as significantly less weight loss in response to obesity treatment. Healthy-weight
adolescents at high versus low risk for future weight gain based on parental obesity status
showed greater reward activation in response to receipt of high-calorie food and mon-
etary reward, suggesting that this reward region hyperresponsivity is general rather than
specific to food reward.
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The Incentive Sensitization Theory of Obesity

The incentive sensitization model posits that repeated intake of high-calorie, palatable foods
results in reward region hyperresponsivity to cues that are repeatedly associated with palat-
able food intake via conditioning, which prompts overeating when these cues are encoun-
tered. Animal experiments indicate that firing of striatal and ventral pallidum DA neurons
initially occurs in response to receipt of a novel palatable food but that after conditioning,
DA neurons begin to fire in response to food-predictive cues and no longer in response to
food receipt. Theorists posit that this shift during cue-reward learning acts either to update
knowledge regarding the predictive cues or attribute reward value to the cues themselves,
thereby guiding behavior. This theory implies that a period of overeating palatable foods is
necessary for the conditioning process that gives rise to reward region hyperresponsivity to
food cues, suggesting that this might be better viewed as a maintenance model of overeat-
ing rather than a process that contributes to the initial emergence of overeating.

In support, adults who were randomly assigned to consume high-calorie foods daily
over 2- to 3-week periods showed an increased willingness to work for their assigned
food relative to controls, echoing findings with rodents, as well as increased ad lib con-
sumption of the foods after habitual intake. Healthy-weight adolescents eating beyond
objectively measured basal metabolic needs showed greater response during cues predict-
ing impending palatable food receipt in regions encoding visual and gustatory processing,
attention, salience, and reward. These latter findings suggest that overeating, even if it
has not yet resulted in excess weight gain, may be accompanied by hyperresponsivity of
reward, attentional, and gustatory regions to food-predictive cues.

Reward region hyperresponsivity to food cues has reliably predicted future weight
gain. One study indicated that these effects are significantly stronger for individuals with
a genetic propensity for greater DA signaling capacity due to possessing an A2/A2 TaqlA
allele. However, the samples in these studies contained overweight individuals, raising
the possibility that a period of overeating may be necessary to give rise to these predictive
effects.

As noted, animal experiments indicate that after repeated pairings of palatable food
receipt and cues that predict palatable food receipt, DA signaling increases in response
to predictive cues but decreases in response to food receipt. In humans, we found an
increase in caudate response during exposure to milkshake-predictive cues over repeated
exposures, demonstrating a direct measure of in vivo cue-reward learning. A simul-
taneous decrease in putamen and ventral pallidum response during milkshake receipt
occurred over repeated exposures, putatively reflecting reward receipt habituation. Criti-
cally, individuals who exhibited the greatest escalation in ventral pallidum responsivity
to cues and those with the greatest decrease in caudate response to milkshake receipt
showed significantly larger weight gain. Individuals who showed the strongest initial
caudate response to the first few tastes of milkshake showed the greatest habituation,
suggesting that the predictive relation between food habituation propensities may be at
least partially rooted in reward region hyperresponsivity to novel palatable foods. We
observed no relation between individuals showing the greatest cue-reward learning and
those showing the greatest receipt habituation, which indicates that there may be two
qualitatively distinct vulnerability pathways to weight gain. These results suggest that
there may be important individual differences in food cue-reward learning and food
reward habituation that may give rise to reward region hyperresponsivity that underlies
the incentive sensitization process.
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The Reward Deficit Theory of Obesity

The reward deficit model of obesity posits that individuals with lower sensitivity of DA-
based reward regions overeat to compensate for this deficiency. Although cross-sectional
data indicate the obese versus lean individuals show reduced reward region response to
palatable food taste, prospective and experimental findings suggest that reward region
hyporesponsivity is simply a consequence of overeating. Individuals who gained weight
over a 6-month period showed a reduction in striatal responsivity to palatable food
receipt relative to those whose weight remained stable. Rats randomized to overeating
conditions that result in weight gain versus control conditions showed down-regulation
of postsynaptic D, receptors, reduced D, sensitivity, and lower sensitivity of DA reward
circuitry to food intake, electrical stimulation, amphetamine administration, and potas-
sium administration.

The evidence that weight gain is associated with down-regulation of DA-based
reward circuitry dovetails with evidence that weight loss increases D, receptor avail-
ability and responsivity of reward circuitry to food cues, though one study indicated that
weight loss was associated with a reduction in D, receptor availability. Furthermore, mice
in which reduced striatal DA signaling from food intake was experimentally induced
through chronic intragastric infusion of fat worked less for acute intragastric infusion of
fat and consumed less rat chow ad lib than control mice.

The data suggest that it is intake of energy-dense foods versus a positive energy bal-
ance per se that causes plasticity of reward circuitry. High-calorie food intake resulted
in down-regulation of striatal D; and D, receptors in rats relative to isocaloric intake of
low-calorie rat chow. In humans, habitual intake of ice cream was associated with reward
region hyporesponsivity to the taste of an ice-cream-based milkshake. Yet total kilocalorie
intake over the past 2 weeks did not correlate with reward response to milkshake receipt.

None of the prospective fMRI studies described earlier indicated a main effect of
reward region hyporesponsivity on future weight gain, but the data suggest that weaker
striatal response to palatable food receipt and weaker putamen and OFC response to
palatable food images predict future weight gain for individuals possessing the TaglA
A1 allele. These interactive effects suggest the possibility of qualitatively distinct reward
surfeit and reward deficit pathways to obesity: Both too much or too little DA signaling
capacity and reward region responsivity may increase risk for overeating.

The Inhibitory Control Deficit Model of Overeating

It has been proposed that individuals with inhibitory control deficits and, by extension,
lower activation of brain regions implicated in inhibitory control are more sensitive to
food cues, which increases overeating. In support, rats that showed behavioral disinhibi-
tion in response to food reward on a serial reaction time task exhibited greater future
sucrose-seeking behaviors and enhanced sensitivity to sucrose-associated stimuli after
extinction relative to rats that exhibited behavioral inhibition. Individuals with inhibi-
tory control deficits show poorer response to weight loss treatment. Furthermore, inhibi-
tory control deficits in response to high-calorie foods in delay discounting tasks, which
reflect an immediate reward bias, reliably predicted future weight gain. Similar results
have emerged from studies that examined the relation of self-report measures of inhibi-
tory control to future weight gain.
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In terms of neuroimaging findings, individuals who showed less recruitment of
inhibitory control regions (e.g., inferior frontal gyrus) during difficult versus easy choices
on a delay discounting task showed greater weight gain, though in one study there was no
significant relation between less recruitment of inhibitory regions when trying to inhibit
responses to high-calorie food images and future weight gain. Another study revealed a
marginal trend for reduced gray-matter volume in the prefrontal cortex to predict weight
gain.

The Working Etiological Model of Neural Vulnerability Factors
That Predict Weight Gain

Collectively, the prospective and experimental results we have reviewed appear to sup-
port the reward surfeit model of obesity, the incentive sensitization theory of obesity, and
the inhibitory control deficit model of overeating. However, the data have provided little
support for the reward deficit theory of obesity.

Findings suggest that a biphasic etiological process may give rise to initial overeat-
ing and subsequent maintenance of overeating, which represents a refinement on our
dynamic vulnerability model of overeating. In Figure 12.1, the solid black arrows repre-
sent well-established relations, and the thickness of these arrows represents the number
of studies that found such a relation. Dotted lines represent provisional hypotheses. The
data suggest that reward region hyperresponsivity to palatable food tastes predicts future
weight gain. Preliminary data suggest that this reward region hyperresponsivity is gen-
eral, rather than specific to food reward. Findings also imply that repeated high-calorie
food intake leads to hyperresponsivity of reward and attention regions to food-predictive
cues, which predicts further overeating and weight gain. Emerging data suggest that
the effects of reward region hyperresponsivity on future weight gain are stronger for
individuals with a genetic propensity for elevated DA signaling. Furthermore, overeating
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FIGURE 12.1. The biphasic etiological model.
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contributes to reward region hyperresponsivity to food predictive cues and hyporespon-
sivity to high-calorie food receipt. Finally, emerging findings suggest that individual dif-
ferences in food cue-reward learning and food reward habituation increase the risk of
overeating, resulting in future weight gain. We hypothesize that reward region hyperre-
sponsivity and inhibitory control deficits may interact in the prediction of future weight
gain, and that reward region hyperresponsivity predicts increases in cue-reward learning
and reward receipt habituation.

Future Research Directions

This literature review suggests several directions for research on neural vulnerability fac-
tors that predict the onset and maintenance of overeating. First, it will be useful for future
prospective studies to test whether reward region hyperresponsivity, reward—cue learn-
ing, and reward receipt habituation predict future weight gain. Second, prospective stud-
ies should test whether the relation between reward region hyperresponsivity to palatable
food receipt and future weight gain is significantly amplified among individuals with
versus without inhibitory control deficits. Third, future fMRI studies should test whether
individuals who show more pronounced food reward—cue learning are at elevated risk
for initial excess weight gain. Fourth, it will be important for additional prospective
repeated-measures fMRI studies to test whether, after obesity onset, individuals show a
reduction in reward response to high-calorie food intake relative to baseline and compari-
son participants who do not gain weight. Fifth, future prospective research should test
whether genotypes associated with DA signaling moderate the relation between reward
region response to high-calorie food intake/cues and future weight gain because there is
evidence that there may be two qualitatively distinct pathways to obesity that conform
to the reward surfeit and reward deficit models. Finally, it will be crucial for human
experiments to test whether assignment to habitual intake of high-calorie foods results
in reduced reward region responsivity to high-calorie foods, and whether this leads to
reduced caloric intake and willingness to work for high-calorie foods, as suggested by
the animal studies.
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ody weight can be represented on a spectrum, with the range for optimal
human health located between excess body weight (i.e., adiposity) on one end and insuf-
ficient body weight on the other. As a burgeoning literature supports the link between
unhealthy weight levels and poorer functioning of multiple organ systems, there is little
surprise that the brain and its corresponding neurocognitive functions are also impacted.
This chapter addresses the associations between neurocognitive function and unhealthy
body weight, with a focus on the extremes of the weight spectrum. Given that conditions
of excess body weight (i.e., overweight and obesity) are far more common than insuffi-
cient weight, they receive greater attention.

The Impact of Excess Weight on Cognitive Function

Excess body weight, particularly obesity, has been linked with indices of poorer neuro-
cognitive function in both healthy and patient populations. We briefly summarize the
findings from these studies then discuss possible mechanisms. Together, the findings
support an independent relationship of excess body weight with relative impairments in
cognitive function.

Neurodegenerative Disease Risk

Excess weight during midlife is an independent risk factor for a range of neurodegenera-
tive diseases, including Alzheimer’s disease and vascular dementia. Indeed, meta-analytic
findings of prospective studies support a “dose—response-type” relationship, with higher
levels of excess weight conferring higher risk for dementia. For example, individuals who
are overweight in midlife have a 35% greater relative risk for Alzheimer’s disease and a
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26% greater risk for all-cause dementia relative to their normal weight peers, whereas
those who are obese have even higher relative risk at 104% and 64%, respectively. These
effects appear to be independent of the medical comorbidities commonly found in obese
persons, such as hypertension, cardiovascular disease, and diabetes.

Neuropsychological Test Performance

The cognitive deficits associated with excess adiposity can be detected at subclinical lev-
els long before the manifestation of severe neurodegenerative diseases such as dementia.
Indeed, relative deficits in cognitive function can be found in pediatric populations, as
overweight and obese children between ages 6 and 10 years show greater deficits in inhib-
itory cognitive control compared to normal-weight age- and gender-matched peers. These
deficits continue into adulthood, with obese adults exhibiting impairments in executive
functions, learning and memory, processing speed, and other neurocognitive functions
relative to normative data or to nonobese comparison groups. Severe obesity is linked
to even greater impairments: Studies indicate that nearly one-fourth of bariatric sur-
gery candidates exhibit clinically meaningful impairments on neuropsychological testing.
Excess adiposity is also longitudinally associated with more rapid cognitive decline, with
data indicating that multiple anthropometric indices (e.g., body mass index, waist-to-hip
ratio) predict accelerated declines in global cognitive function, executive function, and
memory across several assessment time points. Interestingly, recent studies indicate that a
small amount of weight loss in otherwise healthy individuals leads to improved cognitive
function, and that the dramatic weight loss after bariatric surgery is associated with rapid
and sustained improvements in multiple cognitive domains.

Neuroanatomical and Functional Brain Changes

Researchers are beginning to identify the anatomical and functional neural mechanisms
linking obesity to adverse neurocognitive outcomes. With regard to brain structure,
higher body mass index (BMI), waist circumference, and/or visceral adiposity have been
associated with smaller whole-brain volume, as well as diffuse reduction in gray-matter
volume, including areas of the prefrontal, temporal, and parietal cortices; the hypothala-
mus; and the cerebellum. In addition to smaller brain volumes, visceral fat and higher
BMI have also been associated with cortical thinning and damage to white-matter micro-
structural integrity, as indicated by decreased white matter in the corpus callosum and
fornix, reduced white-matter fiber bundle length, and neuronal and myelin abnormalities
of the frontal lobe. These observational data are strengthened by prospective evidence
demonstrating that obesity in midlife predicts greater reductions in gray-matter volume,
precuneus, and cingulate and orbitofrontal gyri. Weight gain is also associated with hip-
pocampal atrophy in the Framingham Offspring Cohort and other prospective studies.
In addition to these abnormalities on neuroimaging, obesity has also been directly linked
to other pathophysiological hallmarks of Alzheimer’s disease, including higher levels of
amyloid-beta precursor protein, plasma amyloid proteins, and tau expression. Last, indi-
ces of excess body weight have been linked to a variety of other structural factors impli-
cated in neurodegenerative disease development, including disruption of the blood-brain
barrier and disrupted astrocyte and microglia expression.
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In regard to changes in brain function, a growing number of studies indicate abnor-
malities on functional magnetic resonance imaging (fMRI) and positron emission tomog-
raphy (PET). For example, working-memory-related activity assessed using the blood-
oxygen-level-dependent response (BOLD) was reduced in the right superior frontal gyrus
and the left middle frontal gyrus as waist circumference increased. This effect remained
after adjusting for demographics, blood pressure, and total cholesterol. Similarly, a PET
study indicated that greater body mass was associated with reduced baseline metabolic
activity in the prefrontal cortex and cingulate gyrus. fMRI data also demonstrate that
severely obese persons have greater deficits in connectivity of the networks controlling
appetite when compared to normal weight peers. The accumulating imaging data com-
bined with evidence of impaired neuropsychological test performance and greater risk
of neurodegenerative disease support a clear and consistent relationship between excess
body weight and deficits in neurocognitive function. Accordingly, the mechanisms of
these effects on the brain urgently need to be clarified, and likely contributors are briefly
discussed below.

Mechanisms

Existing literature on obesity-related cognitive impairment suggests a cyclical model of
obesity (Figure 13.1) in which excess body weight or adiposity causes physiological changes
(Path A) that impair cognitive function (Path B). Cognitive deficits contribute to reduced
self-regulation abilities (Path C), resulting in unhealthy behaviors (Path D) that further
promote obesity progression (Path E). More specifically, obesity is linked to dysregula-
tion of many physiological systems, including metabolic, vascular, respiratory, inflamma-
tory, and neurohormonal processes. Such dysregulation leads to a host of clinical condi-
tions (e.g., type 2 diabetes, coronary artery disease). In combination, these physiological
changes impair the cognitive functions needed for successful regulation of behaviors such
as eating and exercise, which can lead to the deposition of additional adipose tissue.

The Impact of Insufficient Weight on Cognitive Function

The literature examining insufficient body weight and cognition is limited given that
underweight is less common and most typically occurs in conjunction with another med-
ical condition. The populations generally affected include low-birth-weight infants or
failure-to-thrive children and individuals with anorexia nervosa, as well as unintentional
weight loss in older adults.

Existing data indicate that low-birth-weight children or failure-to-thrive children
exhibit moderate-to-severe cognitive deficits and developmental lags that follow this
group into adulthood. Individuals with anorexia nervosa exhibit altered brain struc-
ture and metabolism, as well as deficits in various neurocognitive domains that may or
may not be reversible with weight gain. Persons with low body weight in midlife also
have increased risk of dementia (96% greater) when compared to their normal-weight
peers, and accelerated weight loss has been identified as a potential marker of impending
Alzheimer’s disease.

However, given that the populations in which insufficient weight occurs are so
diverse, research is needed to clarify whether these poor cognitive outcomes are attribut-
able to (1) factors independent of low body weight, (2) medical conditions that produce
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FIGURE 13.1. The cyclical model of obesity and cognitive function.

weight loss and/or malnourishment, or (3) other factors not yet identified. Even if a com-
mon risk factor is discovered, it is likely to have different effects at various stages of the
lifespan. For example, malnourishment leading to low body weight during childhood may
alter patterns of brain maturation, whereas malnourishment in an older adult may acceler-
ate pathological, degenerative processes. Additional work in this area is urgently needed.

Cognitive Function and the Obesity Paradox

The “obesity paradox” has received much attention in recent years (so much that a book
on the topic was published in 2014), and the topic warrants brief mention as part of this
chapter. The obesity paradox refers to a phenomenon in which higher body mass con-
fers neutral or even positive effects on health outcomes rather than the more commonly
expected adverse outcomes. Recent findings on the possibility of an obesity paradox for
neurological outcomes have been mixed. Although most studies have shown that elevated
BMI is associated with greater risk for cognitive decline and dementia, others have not.
Methodological issues complicate understanding of this topic. For example, many studies
fail to include severely obese persons in analyses due to their premature death (survival
bias) or inability to participate because of illness burden (selection bias). Similarly, given
that Alzheimer’s-related neuropathology develops years prior to dementia diagnosis and
is known to produce weight loss, it is possible that many older persons with a normal
BMI are exhibiting a more advanced stage of the disorder at the time of study entry (lead-
time bias).

Conclusions

Despite methodological challenges, a better understanding of the possible effects of body
weight on neurological outcomes is much needed. At the time of this writing, more than
two-thirds of American adults are overweight or obese, and more than 1 in 10 adults
are expected to be severely obese by 2030. When combined with the expected increased
proportion of older adults, determining the influence of insufficient and excess body
weight on conditions such as Alzheimer’s disease and vascular dementia is of significant
financial and societal importance.
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Acquisition of Food Preferences
and Eating Patterns in Children

JENNIFER ORLET FISHER
LEANN L. BIRCH

here is great need to understand the behaviors and processes that lead to exces-
sive energy intake. Food preferences are major determinants of food intake, and both
food and flavor preferences have significant learned components. This learning begins in
utero and continues into adulthood, involving a complex interplay between biology and
the social and physical contexts in which eating occurs.

The first years of life bring dramatic changes in development of eating behaviors.
Humans begin life subsisting on a single food—milk—typically consumed on demand. By
the end of the first year, a modified adult meal and snack pattern emerges, and the typical
child has been exposed to more than 100 foods. Infants also begin milk and complemen-
tary feeding completely dependent on their caregivers but rapidly gain the motor skills to
self-feed and, subsequently, the cognitive and communication skills to have greater inde-
pendence in eating, including food choices, preparation, self-serving, and social rituals
(e.g., setting the table). Children’s experiences with food are deeply rooted in the values,
norms, and behaviors of the sociocultural contexts in which they eat.

By the time children reach preschool, their dietary intake patterns resemble those of
adults, and involve the same problems. U.S. preschoolers snack more frequently than in
previous decades, and consume much higher levels of solid fats and added sugars than
recommended. Vegetable intake is uniformly low and french fries are among the most
frequently consumed vegetables. These patterns are thought to be produced by a com-
bination of biological predispositions that favor the consumption of energy-rich foods
and current dietary environmental conditions that exploit such predispositions, provid-
ing intense marketing of and ubiquitous access to foods high in sugar and fat, often in
large portion sizes.
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Development of Food Preferences

The development of food preferences is important because children tend to eat what they
like. Food preferences, as well as food intake, also show modest tracking (consistency)
during childhood, underscoring the need to understand factors that influence food accep-
tance in early development.

Biology of Taste Preference

The biology of basic taste preferences is thought to have evolved to promote the consump-
tion of energy and nutrients, as well as to protect against the ingestion of toxins and
spoiled food. Liking of sweet, umami, and salty tastes, and rejection of bitter and sour
tastes is evident in early postnatal development. These predispositions explain, in part,
why children tend to prefer foods high in sugar, salt, and fat, while foods with bitter or
sour notes, such as vegetables, are not readily accepted. Interestingly, though treated
somewhat interchangeably in health promotion efforts, fruits and vegetables are very
different from an acceptance perspective; due to its sweetness, fruit tends to be among
the most preferred food groups among young children. There is growing appreciation of
genetic variation in bitter and sweet taste perception that may partially explain individual
differences in food acceptance patterns. Complicating the acceptance of healthful foods
such as vegetables is the fact that food neophobia, the fear of new foods, is normative
during the toddlerhood and preschool years. Despite this neophobia, many children go
on to learn to like, consume, and enjoy a variety of foods, including vegetables. This
observation underscores the fact that children can learn to like healthful foods that may
not be immediately accepted.

The Role of Experience

While children’s food likes and dislikes may be readily perceived by caregivers, many
may fail to recognize food acceptance as a learned process that occurs through experi-
ences surrounding eating. Familiarization is a fundamental form of learning that plays a
key role in children’s early learning and is central in the development of food preferences
and intake patterns. Children become familiar with foods through repeated exposure,
and they may require several exposures to a new food before they begin to accept and
consume the food. In general, acceptance of new foods has been observed to occur with
5-10 exposures. Caregivers who are unaware of the importance of familiarization in the
development of food preferences, however, may not offer a new food again if it is initially
rejected by the child.

Effects of repeated exposure on acceptance are seen very early in development, well
before children experience the first taste of complementary foods. Exposure to flavors
of the maternal diet during pregnancy and during breast-feeding promote acceptance of
those flavors during the transition to complementary feeding. Fundamental issues regard-
ing the role of early experience in promoting acceptance of healthful foods, however,
remain unclear, such as sensitive developmental windows for exposing children to veg-
etables (e.g., before food neophobia emerges), the frequency and timing of introducing
different types of vegetables (e.g., daily or weekly), the optimal preparation (e.g., raw or
mixed with other foods), and context (e.g., meals or snacks).
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It is not only the quantity of exposure, however, but also the quality of children’s
experiences with food during, following, and surrounding ingestion that influence accep-
tance. Dimensions of positive experience with foods that appear to promote acceptance
include social modeling and use of feeding practices that are responsive rather than coer-
cive and generate positive affect at mealtimes. Other associative conditioning processes
also have an important role in liking; acceptance of foods is facilitated if they are associ-
ated with preferred flavors, postingestive consequences, and positive social contexts.

Children learn myriad bits of information from watching others eat, including which
foods to consume, when to consume particular foods, and how much of those foods to
consume. Evidence of this type of learning has been well established in other mammalian
species. In primates, for example, this type of social influence is thought to increase for-
aging efficiency and prevent ingestion of toxins for diets that may consist of hundreds of
species of plants and animals. There are numerous associational studies of parent—child
similarities in preferences and dietary intake. However, those studies do not directly
assess modeling. There are probably not many more than a dozen experimental studies
on social modeling of eating among children. However, the evidence is fairly consistent
about effects of acceptance of new foods. Social modeling both increases children’s will-
ingness to try new foods and promotes liking and intake, even when foods are originally
disliked. And this type of learning is most successful in promoting acceptance when the
model is eating the same food as the child and the model is enthusiastic about eating that
food. While there have been studies of both adults and children as models, few studies
have involved parents per se.

Food Preferences and Obesity and/or Appetite

The evidence base regarding the role of food liking and preference in obesity is still
limited, but there are individual differences among children that emerge early to affect
intake patterns. “Infant temperament,” defined as differences in regulation and reactiv-
ity, is trait-like and related to differences in children’s responses to food, eating patterns,
and risk of obesity. Children who are seen as “picky eaters” tend to weigh less, whereas
those with greater enjoyment of food tend to be heavier. Recent research has focused on
associations of sweet taste perception and preferences with obesity. Exposure of the gas-
trointestinal tract to sweet tastes in foods activates food reward signaling pathways that
are thought to reinforce pleasure in eating, as well as food preferences. There are large
individual differences in sweet sensitivity that are thought to have both genetic and envi-
ronmental bases. Limited evidence suggests that obese individuals may have decreased
sensitivity to but higher preferences for sweet than other individuals. These findings point
to the potential intersection of developmental influences on taste and food preference
with appetite regulation among children.

Appetite, Food Liking, and Obesogenic Eating Behaviors
Definition

As a problem of energy imbalance, understanding influences on the development of appe-
tite regulation is central to understanding obesity risk among children. Appetite is typi-
cally defined in terms of hunger, satiation, and satiety. Hunger refers to processes and
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feelings that lead to the initiation of eating, whereas satiation refers to processes and
feelings that lead to the termination of eating. Satiety refers to postabsorptive effects of
food to suppress hunger and increase the interval between eating occasions. Historically,
short-term appetite regulation among children has been measured situationally, using
subjective assessments (e.g., pictoral scales), food intake methods (e.g., measured intake
at test meals), and more globally by parental questionnaire. Dimensions of appetite, such
as eating rate, food responsiveness, and eating in the absence of hunger, appear to have
a strong genetic component, demonstrating significant heritability and tracking across
childhood.

Modification of Eating Self-Regulation by Environmental Influences

Experimental research has demonstrated the capacity of infants and young children to
self-regulate short-term energy intake by adjusting food intake in response to covert
changes in energy content of foods consumed. However, appetite during infancy and
childhood is also responsive to and modified by the environmental conditions in which
ingestion occurs. In particular, offering children large portions of energy-dense foods can
interfere with satiation at meals and elicit eating in the absence of hunger. There is some
suggestion that offering large portions of energy-dense foods at meals can also decrease
children’s intake of less preferred foods at the meal, such as vegetables. Children’s suscep-
tibility to the influence of external cues on eating increases with age, although there have
been few studies using longitudinal designs. One hypothesis is that these age differences
reflect a developmental shift in the complexity of social cues and in norms that affect
intake and cumulative exposure to environmental factors that promote intake.

Individual Differences in Appetite Regulation

Environmental influences on appetite do not have uniform effects, however, as evidenced
by the observation that a majority of youth are not obese in the current environment.
There is evidence that these individual differences are linked to trait-like dimensions of
general self-regulation and appetitive drive. “General self-regulation” refers to internal
or transactional processes that guide goal-directed activities over time and across con-
texts. Impulsivity and reward responsiveness have been associated with child body mass
index and obesity. The evidence regarding extent to which children’s regulation of eating
reflects general self-regulatory development is mixed. Emerging evidence indicates that
children with poorer satiety responsiveness and greater food responsiveness may be more
vulnerable to obesogenic dietary environments, consuming larger food portions at meals
and greater intakes from snacks than other children. Recent brain imaging studies also
reveal increased neural processing activity in food reward centers among obese children.
Other findings indicate that lower levels of inhibitory control are associated with higher
weight status and greater weight gain in childhood.

Implications for Supporting Healthy Food Preferences and Appetite

Despite strong biological underpinnings, food preferences and eating behaviors show
great plasticity in early development and have the potential to be positively shaped by
early experiences with foods and eating. The study of children’s eating behaviors is still
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relatively new, but research in this rapidly growing field clearly points to the powerful
role of family and child care environments in shaping children’s eating behaviors and
establishing early habits. There are several features of dietary environments that support
appetite regulation and children’s preference of healthful foods:

e Provide repeated exposure. Offering repeated exposure to foods is the most effec-
tive, and perhaps easiest route to food acceptance. Cross-cultural variation in cuisine
rules and what is considered comfort food highlights the powerful role of familiarity in
establishing eating norms. This process begins in utero and during breast-feeding, and
continues into early childhood through caregiver decisions that shape the family food
environment and the foods to which children are exposed. Acceptance may be reinforced
when repeated exposure is accompanied by positive social, flavor, and postingestive con-
sequences that become associated with foods

o Structure the food environment. Human biology has evolved to protect against
energy deficits to a greater extent than surfeits. The current dietary environment is
thought to provide numerous types of cues that stimulate reward pathways and over-
whelm internal hunger and satiety signals. These observations highlight the need to
structure children’s eating environment in a way that minimizes exposure to a variety
of energy-dense foods and large portion sizes, and that establishes routines that impose
structure on the timing and frequency of eating occasions and set limits on what foods
are available. In the same vein, because children eat what they like and like what is famil-
iar, eating environments should maximize the availability and accessibility of healthful
foods. Structuring the food environment to drive healthy choices may be particularly
important for children with greater motivation to eat and greater susceptibility to obeso-
genic dietary influences.
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Parental Food Rules and Children’s Eating

Intended and Unintended Consequences

MYLES S. FAITH

his chapter reviews “food rules” that parents use to leverage child eating behav-
ior and the extent to which these rules promote or protect against childhood obesity.
What are the most commonly used food rules and how do these impact child food intake
and weight status? Which rules are most effective? Which, if any, appear to backfire?
This is a fascinating yet understudied topic with very practical implications for caregiv-
ers.

There has been a dearth of conceptual models to organize this literature. Thus, a
food rules model (FRM) is introduced for this chapter. The FRM strives to organize and
facilitate interpretation of existing data. It also offers a heuristic for parents, to encourage
self-reflection and self-evaluation when implementing food rules at home. The FRM is
summarized below, along with a discussion of the impact of food rules explicitly directed
to children and research needs and practical parenting implications.

The Food Rules Model

Figure 15.1 presents the food rules model (FRM), which differentiates two broad catego-
ries of caregiver food rules: (1) “deeper” cognitions, beliefs, and values regarding feeding
relations that are internal to the caregiver and (2) verbal prompts and instructions explic-
itly directed to the child. In principle, these should be related.

The first category is likely be shaped by multiple factors, including culture, peer
groups, media, health professionals, and personal life experiences. Research on this topic,
however, is greatly lacking. In fact, very little is known about the origins of deeply held
parenting attitudes about feeding. Validated questionnaires and interviews are needed,
among other priorities, to assess feeding-related cognitions. One of the few tools in this
realm is the Feeding Demands Questionnaire, which assesses parental demand cognitions
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Caregiver Food Rules:

* Category 1: Cognitions, attitudes, and
deeply held values (private; internal)

* Category 2: Verbal prompts and
instructions to child (observable; external)

Intended Consequence of Food Rules: Potential Unintended Consequence of

Food Rules:

e Child eats more of targeted
foods/beverages (encouragements) * Immediate child food intake versus

longer-term eating regulation

* Child eats less of targeted
foods/beverages (prohibitions) * Longer-term child weight gain

* Psychological, psychosocial, emotional
quality of life

FIGURE 15.1. The food rules model.

about feeding relationships with children. Specifically, it assesses (1) anger/frustration
during feeding, (2) caregiver demands about the types of foods their child should eat, and
(3) caregiver demands about the amount of food their child should eat. We found that
individual differences in feeding demand cognitions correlated in expected directions
with parental feeding practices, such as restriction and encouragements to eat.

The second general category in the FRM refers to overt verbal prompts or mandates
directed to children. Such feeding rules have received greater study.

The FRM differentiates intended consequences and potential unintended conse-
quences of food rules. Intended consequences are what parents strive to achieve and
generally fall into two categories: increase child intake of targeted foods (e.g., eat more
vegetables) and reduce intake of targeted foods (e.g., drink less sugar-sweetened bever-
ages). Equally important are potential unintended consequences, which can include det-
rimental effects on longer-term child eating regulation, weight gain, and psychological
well-being. Only by considering both intended and unintended consequences, immedi-
ately and over the longer term, can the impact of food rules be fully evaluated.

Effects of Food Rules Directly Conveyed to Children

The second category of the FRM refers to explicit prompts or instructions directed to
children. Use of these statements is an attempt to get children to eat more food or less food.
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Verbal Prompts and Instructions to Eat More Food

Caregivers often instruct their children to eat more food, especially “healthier” choices
such as fruits and vegetables. Indeed, only a minority of children in the nation con-
sume sufficient servings of fruits and vegetables. Thus, many parents find themselves
encouraging, prompting, coaxing, pressuring, or cajoling their children to eat healthier
foods. These prompts fall into two categories: prompts to eat without contingencies, and
prompts to eat with reward contingencies.

Prompts to eat without contingencies do not involve rewards. These are mandates
or “orders” that children are expected to follow. Examples include “Clean your plate”
or “Finish all your vegetables.” Although parental mandates often succeed in getting
children to eat, this strategy can have unintended consequences for self-regulation of eat-
ing. Wansink, Payne, and Werle (2008) studied parents of 63 preschoolers, who rated the
extent to which “I tell my child to clean [his or her] plate.” Children of parents who more
strongly endorsed this statement requested more cereal ad libitum during a preschool
breakfast. Specifically, researchers dispensed cereal into their breakfast bowls, instruct-
ing children to ask if they want more. In fact, parents who more strongly endorsed the
“clean your plate” philosophy had boys and girls who portioned out greater amounts of
cereal. This association did not depend on whether the cereal bowls were small or large
(16 vs. 32 oz.). The authors concluded that “for a physician who is counseling a family
with potential obesity issues, a clean-your-plate strategy may lead to unwanted conse-
quences” (p. 994).

Ordering children to eat might also disrupt healthy weight gain, at least among girls.
In a secondary data analysis of the National Longitudinal Survey of Youth, we examined
whether coercive feeding by parents predicted excess body mass index (BMI) z-score gain
and obesity risk over time. Specifically, parents responded to the following two questions
in 1986: “When it is mealtime, how often does your child eat what you want him or her
to eat?” and “When your child doesn’t eat what you want him or her to eat and you tell
him or her to do so, how often does he or she obey and eat?” Response options ranged
from 1 = almost never to 5 = almost always. Among girls, higher parental scores on these
questions predicted greater BMI z-score gain over 10 years. Hence, coercion may be
“effective” in the short run of a meal to of induce eating, but potentially ineffective over
the long haul for healthy weight gain.

Interestingly, parental prompts for children to clean their plate appear to be com-
mon. In a population-based survey of parents of adolescents residing in Minneapolis—St.
Paul, Minnesota, 61% of fathers and 51% of mothers endorsed the statement, “My child
should always eat all of the food on his or her plate.” The percentage of parents endors-
ing this statement was higher among parents with less education (e.g., 70% for those
without a high school degree vs. 38% for those who completed college) and from racial/
ethnic minority groups (e.g., 70% for Hispanic/Latino vs. 35% for European Ameri-
can respondents). Hence, many parents prompt their children to eat more food, without
accompanying rewards.

Certain food rules, however, do involve rewards. This is called “instrumental feed-
ing,” and it is based on operant learning (i.e., positive reinforcement). Examples include
offering small trinkets, prizes, and even verbal praise for eating target foods. In fact, a
number of experiments show that incentivizing children to eat target foods successfully
gets children to eat more of those foods. This has been used in social media campaigns
to increase fruit and vegetable consumption. Specifically, “Food Dudes” was launched
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as a pilot program across 150 schools across Ireland; then, starting in 2007, it was intro-
duced to all primary schools across Ireland and rolled out over 7 years (http://publi-
chealth.gwu.edu/departments/pchlphcm/casesjournal/volume3/showcase/cases_3_10.
pdf). Hence, data show that incentives can increase child food consumption of fruits and
vegetables. Perhaps the best evidence for rewarding food choices comes from family treat-
ment research using “behavioral contracts.” In the hands of highly motivated parents,
these contracts stipulate contingencies (typically rewards) for meeting behavioral change
goals—including dietary changes. Behavioral contracts set clear expectations for all fam-
ily members, ideally are “negotiated” with full family buy-in, and set a positive tone for
goal attainment and fostering success.

Instrumental feeding, however, can have an unintended detrimental effect on child
preferences for targeted foods. In studies with preschool children that used a diverse
array of incentives (e.g., movies, verbal praise, toys), incentivizing children to eat fruits
and vegetables reduced liking of those. This is an important finding because food prefer-
ence is one of the strongest predictors of child food intake. This is based on the psycho-
logical theory of overjustification, which purports that external rewards can diminish
internal valuing or liking of something—including food.

Verbal Prompts and Instructions to Eat Less Food

Caregivers often prompt their children to eat less food, especially energy-dense foods.
Such prohibitions can occur in the home and, perhaps more pernicious, may include
foods in home cupboards. This latter form of restriction can have a “look but do not
touch” feel. Explicit rules may include “Only on the weekends” or “Only on special
occasions.” These rules may be effective if communicated in the context of a fuller family
discussion about health, and if appropriately negotiated (e.g., using behavioral contracts).
However, if treats are perpetually accessible but “off limits” at home, or if prohibitions
are unilaterally dictated by parents, this may be very frustrating for children.

Restricting access to high-fat, high-sugar foods, almost by definition, curbs child
intake of those foods. This should protect against child overconsumption and positive
energy balance in principle. However, there is evidence that restriction can have unin-
tended consequences—both for physical health and psychological well-being. Regarding
physical health, restrictive feeding by parents is associated with poorer eating self-regu-
lation and increased BMI gain over time in children. Children whose access to palatable
foods at home is restricted show greater eating in the absence of hunger (EAH), which is
the tendency to snack on accessible foods following a meal and despite being full. EAH
is a risk factor for excess weight gain and obesity among children. Hence, restriction may
compromise longer-term eating and weight regulation, potentially because the “forbid-
den fruit” becomes so tempting, and self-control is compromised when children eventu-
ally do have access.

There may also be unintended psychological consequences to restrictive feeding.
Across a number of studies, restrictive feeding by parents is associated with greater
child emotional eating and more negative child feelings about eating (sadness, shame,
guilt). Moreover, restriction moderates the relationship between girls” weight status and
their perceived cognitive ability. Among girls whose parents are high (but not low) in
restriction, heavier weight status is associated with poorer academic self-concept. Hence,
restrictive feeding may have unintentional consequences compromising happiness and
emotional well-being.
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The prevalence of restrictive feeding also appears to be relatively common in the
population. From the aforementioned study of parents of adolescents residing in Minne-
apolis—St. Paul, Minnesota, 33% of fathers and 34% of mothers endorsed the statement
“I intentionally keep some foods out of my child’s reach.”

Research Needs

There are many scientific questions yet to be answered. Research needs to include the
development of new measures (e.g., for parent cognitions and attitudes about child
feeding, technology to evaluate food rules articulated in real time); experimental stud-
ies that manipulate the specific food rules to which children are exposed; prospective
studies examining child exposure to parental food rules and their impact on weight
gain trajectories; and the interaction of food rules x child eating styles. There is mount-
ing evidence that children differ in fundamental eating styles or attributes (e.g., “food
cue responsiveness”—or the tendency to eat in response to foods in the environment).
Future research should explore whether exposure to particular food rules interacts
with these eating phenotypes to promote overeating and obesity.

Considerations for Caregivers

The data reviewed in this chapter, in the context of the FRM, have implications for care-
givers. These include the following:

1. Being mindful of deeply held attitudes and beliefs about feeding relationships, as
well as the specific mandates directed to children. Audio-recording interactions
during meals and listening back could raise awareness.

2. Carefully monitoring potential unintended consequences of invoked food rules.
Are there any detrimental influences on child food preferences, emotions, or fam-
ily relations? Are caregivers winning the battle but losing the war of healthy eat-
ing regulation and weight gain?

3. Keeping it positive. Whether children respond positively or negatively to imple-
mented food rules may depend on nuanced parental behavior (e.g., affect, facial
expression, and emotional climate).

Indeed, these factors are important aspects of empirically supported parenting interven-
tions for child behavioral disorders.
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Prevalence and Demographics of Dieting

ANDREW J. HILL

n the developed world the malnutrition of poverty appears to have given way to
the malnutrition of affluence. Externally imposed food shortage has been superseded by
self-imposed food restriction. For some sections of society, dieting and attendant body
dissatisfactions have become normal, even normative. This chapter examines what is
meant by dieting and the drivers of dieting, summarizes research on prevalence, identifies
who is most likely to engage in dieting, considers the commerce of dieting, and looks to
the future.

Assessment of Dieting

Research interest in the levels and reasons for dieting started in the mid-1960s. This
has continued, enabled by health-directed population surveys and energized by global
increases in obesity prevalence. Generalizable conclusions can be problematic, since
prevalence estimates vary widely according to what is asked and how. General questions
(e.g., about trying to lose weight) produce higher levels of endorsement than those with
more specific meaning (whether one is currently dieting to lose weight). Epidemiological
surveys tend to use single, more general questions, since assessment of weight control is
a subsidiary part of the administered package. In contrast, surveys with smaller samples
are more often designed for the purpose of detailing dieting but are directed at higher-
risk subgroups.

A useful working definition of dieting is the intentional restriction of caloric intake
for the purpose of weight loss or weight maintenance. This highlights that dieting is
both deliberate and goal-directed, and that weight reduction is not the objective for all
dieters. It follows that while engagement in dieting can be captured in a single question,
the act of inhibition over eating is behaviorally complex. Dietary restraint offers a theo-
retical perspective on dieting, behavioral validation for the concept, and a widely used
assessment: the Restraint Scale developed by Herman and Polivy. It has been extremely
influential in demonstrating the difficulties that many dieters encounter in their efforts
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to control weight. Adding to this perspective on dieting, Lowe has offered an elaborated
model. He argues that a complete account of a person’s dieting should address three parts
of the behavior: dieting history (past frequency and success of dieting), current dieting,
and weight suppression (weight difference between current and previous highest weight).
Unfortunately, this more comprehensive view of dieting is absent in much of the research
literature on dieting.

Motivation for Dieting

Dieting is not uniform in its implementation. For some dieters, it signifies a simple desire
to lose weight. For others, it is a collective term for different behaviors aimed at weight
control. As noted earlier, some take dieting to represent attempts to maintain current
weight and prevent weight gain, rather than to lose weight. These differences in purpose
are mirrored by differences in the composition of weight loss diets, their duration, and
intensity.

What might be expected, however, is greater agreement regarding the reasons why
people engage in dieting. Analysis of the 1994-1996 Continuing Survey of Food Intakes
by Individuals in the United States revealed that over 70% of all dieters were dieting
to improve health, many on the advice of a doctor or dietitian. Interestingly, only half
reported dieting to lose weight. The health focus of the survey is likely to have guided
responses, and it certainly contrasts with more recent research that places appearance
improvement as the main driver for dieting. Health improvement is a bonus, a secondary
gain. The following clusters of dieting approaches illustrate how appearance and health
can coexist as drivers of dieting. In one cluster, “thin, quick, and easy,” dieters used calo-
rie counting, special foods, meal plans, and supplements. The alternative, “thin, natural
lifestyle,” also had thinness as the primary goal, but the strategies included dietary inte-
gration into lifestyle and lifelong changes, and generally more healthy approaches. We
currently know little about how these motivations and choices are related to past weight
management behavior or likelihood of future success.

Prevalence of Dieting

Despite the cautions regarding how dieting is asked about or assessed, it is still possible to
make reasonable prevalence estimates. Summarizing the many studies of Western adults
shows 40-60% of women and 20-40% of men report currently trying to lose weight. Not
all should be assumed to be dieting, since asking who is currently dieting to lose weight
approximates to 25% of adult women and 10% of men. Extending the time period and
asking whether respondents have dieted in the past 12 months increases this to over 50%
of adult women and 25% of men. The highest rates are from questions on lifetime preva-
lence. Estimated at 75% of women and nearly 50% of men in the early 1990s, engagement
in dieting at any point in one’s lifetime is likely to be even higher in people surveyed today.
What is consistent is that compared to men, women are nearly twice as likely to have a
history of dieting or to report current dieting for weight loss. In contrast, men are more
likely to endorse physical activity or exercise for weight control. This gender difference is
not apparent in dieting for weight maintenance or to avoid weight gain. “Watching what
I eat” is reported by some 10-30% of women and 10-25% of men.
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There have been a number of studies comparing dieting prevalence between coun-
tries, most often directed at young people in education. They are an accessible section
of the population for surveys of health and well-being. Older teenagers and university
students from countries across the developed and developing world show similar levels
of dieting to those noted earlier: some 40-50% of all females and 20-25% of males.
These figures are lower when surveys are restricted to non-overweight respondents, even
when the focus is on losing weight rather than dieting: 35% of females and 15% of
males. There is wide variation between countries. Young women from the Caribbean,
parts of South America, sub-Saharan Africa, and the Mediterranean report lower levels
of attempted weight loss. Those from Asian countries such as Bangladesh, Pakistan, the
Philippines, Singapore, and Thailand report the highest. Indeed, one survey revealed that
70% of its sample of Japanese female students (and 63% of males) were currently trying
to lose weight. One caution regarding university students is that they are not representa-
tive of all young people in low-income countries. University education is not available to
the majority. Consequently, these levels of weight loss engagement describe those who
are more affluent, with easy access to food, and most directly exposed to Western values.

Regarding within-country variation by ethnicity or culture, the few studies available
involve cohorts within the United States. Weight loss generally, and dieting specifically, is
lowest in black American and highest in white American women, with Hispanic women
closer to the latter. Whether dieting prevalence has changed over recent years is uncer-
tain. Few studies are able to take more than a 10-year view, they tend to start during
adolescence, and most are cross-sectional and therefore open to cohort effects. Dieting
by young males has remained constant. Small but statistically significant increases and
decreases have been reported in different cohorts of young females. More importantly
perhaps is evidence of “tracking” (i.e., those dieting in adolescence are likely to continue
this behavior into young adulthood).

Demographics of Dieting

Body weight, age, and social class all influence prevalence estimates. Alongside gender
differences, the relationship with body weight is the most consistent factor in studies of
dieting. Trying to lose weight and dieting are strongly related to body mass index (BMI).
Overweight women are four times more likely to be currently trying to lose weight, and
women with obesity, six times. Repeated attempts at dieting are also more common in
people who are obese. However, the relationship between BMI and dieting is not linear.
Contrary to expectation, some studies report proportionately more normal-weight cur-
rent dieters than dieters who are obese. Most of these studies neglect individuals’ dieting
history, which for people who are obese is often both extensive and broadly unsuccessful.

With regard to age, older adolescent girls report slightly higher levels of dieting
and younger adolescents report slightly lower levels, compared to adult women. Dieting
increases in girls between ages 11 and 16, although up to one-fourth of 11-year-olds have
already made one dieting attempt. The average age to start dieting in today’s adolescent
girls is 12-13. But awareness of dieting occurs at a much earlier age. For example, it has
been observed that between one- and two-thirds of 5-year-olds in the United States com-
prehend dieting as a mechanism for weight loss. This is especially the case in those whose
mothers are currently or recently dieting. Dieting is also familiar to older women, with
more than 50% of over 60s having a history of dieting to lose weight. This proportion
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may well increase as members of generations that are well versed in the dieting culture
get older. A general principle that is applicable to all age groups is that dieting is more
strongly related to perceived overweight than to actual weight in normal-weight females.

Many studies have observed a positive association between dieting and indicators of
socioeconomic status (SES). This is true for adolescents and adults, and is observed in all
countries. This is interesting given the inverse relationship between SES and prevalence
of obesity in women. Looking at change over time, a decrease in dieting in teenage girls
from lower-SES backgrounds has been reported. Again, they are likely to be most suscep-
tible to future overweight.

Social context is relevant to dieting. Someone who overtly restricts his or her eating
exerts a powerful inhibitory influence on other diners. A clustering of interest in physical
activity, particular food choices, or dieting behavior can define friendship groups and
is seen in more diverse social networks. The social context of dieting is relevant to both
eating disorders and obesity. The possibly unhelpful role of friends in making teenage
dieting normative contrasts with the motivating social support gained through regular
attendance at slimming groups.

Dimensions of Dieting

Uncertainty over the validity of reported dieting has led some to operationalize the vari-
ety of dietary behaviors associated with intentional weight control. These include limit-
ing the amount eaten at meals, avoiding fats and fatty foods, not eating between meals,
and avoiding confectionery and sweet drinks. They are frequently endorsed and distin-
guish dieters from nondieters. Many of the commercially available dieting approaches
use combinations of these behaviors. However, it is notable that some 10-30% (possibly
more) of dieters are self-guided, using approaches they have heard about but dieting inde-
pendently. While they may periodically use commercial products or services, self-guided
dieters are generally successful in losing weight on their own. Unfortunately, we know
little about them because they are invisible in the dieting literature. Dieting has also been
linked with vegetarianism. For some, this is a pragmatic way of restricting the range of
acceptable foods in the face of overwhelming choice. Semivegetarianism is more strongly
linked to dieting than is full vegetarianism.

In contrast to these healthy dieting behaviors are unhealthy weight control practices
such as skipping meals, fasting, vomiting, and using diet pills and laxatives. Individually,
they are much less common (e.g., 12% of teenage girls fasting, 4% vomiting or using lax-
atives), although around 20% of young women report using at least one during the past
year. They cluster, in that dieters are more likely to use extreme weight control methods,
and those who use one are more likely to use several. Furthermore, those who engage in
extreme weight control are more likely to smoke, binge-drink, or have suicidal thoughts.

Commerce of Dieting

A growing number of market research companies publish extremely expensive reports
for industry on the performance of the weight loss market by region, by country, and
globally. This information is sourced very differently than that in academia and adds a
valuable perspective. The global weight loss market was valued at $148 billion in 2014,
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and at $60.5 billion in the United States alone. The latter is split evenly between weight
loss products and services. These reports note that 80% or more of dieting consumers
use these from home, accessing materials online or via books or diet plans. This is much
larger than the proportion of self-guided dieters reported earlier.

The Future of Dieting

It is no surprise that dieting is recognized and attempted by girls at younger ages than
ever before. Women now in their 60s started dieting in their early 20s. Today’s adoles-
cent girls start before they are teenagers. They are growing up in an appearance-focused
and health-conscious environment in which weight loss offers benefit all round. The diet
market is adaptable and increasingly profitable. Current predictions by analysts are that
dieting consumers will increase their demand for natural and “free from” products, and
use technology to personalize weight loss. The diet market global value is forecast to be
$206 billion by 2019. The greatest growth is seen in emerging (rather than developed)
markets, with Asia highlighted. The reasoning is unsurprising. This part of the world will
see the greatest increases in obesity and diabetes. Disposable income will increase, and
people will continue to be locked into sedentary lifestyles. On the global stage, dieting is
in rude health and its future is assured.
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The Impact of Dieting

DIANNE NEUMARK-SZTAINER
KATIE A. LOTH

ieting for the purpose of weight loss is highly prevalent among adolescents and
adults in societies in which a cultural ideal of thinness coexists alongside overweight and
obesity. Indeed, dieting, or selling diet plans, is big business, and an ever-changing array
of diet books regularly holds a place on best-seller lists. However, the long-held assump-
tions that dieting will yield long-term benefits of improved health and sustained weight
loss have only recently been examined with empirical studies. Research findings have
raised questions about the effectiveness of dieting for weight management and concerns
about the potential for dieting to lead to unintentional weight gain, disordered eating
behaviors, and eating disorders.

While many questions still remain, dieting has been identified as a shared risk fac-
tor for the development of both eating disorders and obesity. As such, there has begun
a shift away from recommendations for individuals to engage in dieting for the purpose
of weight management; instead, public health recommendations focus on the adop-
tion of healthful eating and physical activity behaviors that are sustainable over long
periods of time. That said, the overall prevalence of dieting remains high, particularly
among individuals who are overweight, suggesting a need for continued public health
efforts aimed at providing individuals with alternative options for achieving sustain-
able weight loss.

One key issue regards what the terms “dieting” or “going on a diet” really mean.
Unfortunately, a clear definition cannot be provided because dieting means different
things to different people. In a book for parents, “I'm, Like, SO Fat”: Helping Your
Teen Make Healthy Choice about Eating and Exercise in a Weight-Obsessed World,
Neumark-Sztainer (2005, p. 103) defines dieting as “an eating plan that includes rigid
rules about what to eat, how much, in what combinations, or at what times, that is
usually followed for a specified period, for the purpose of weight loss.” This defini-
tion emerged out of numerous research studies, conversations with young people and
adults who have dieted, a review of many diet plans, and feedback from health care
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professionals. It stresses two separate and important tenets of dieting: the lack of flexibil-
ity (e.g., set rules that do not allow for eating more or different types of foods in different
situations) and the short-term nature of the behaviors (e.g., a diet is something one does
for a period of time before terminating the diet). Of note, this definition does not assume
that fewer calories are eaten while dieting; the omission of this requirement is purposeful,
as self-imposed dieting may or may not involve the consumption of fewer calories over an
extended period of time.

Dieting, Disordered Eating, and Eating Disorders

Dieting often precedes the onset of disordered eating behaviors, including binge eating
and extreme weight control practices, clinical eating disorders, and subthreshold eating
disorders. These findings do not suggest that dieting on its own will lead to these prob-
lems; rather, dieting needs to happen in conjunction with other genetic, physiological,
psychological, or social risk factors. Nor do these findings suggest that every dieter will
develop a clinical eating disorder; the majority of dieters will not progress to such a severe
state. It is commonly stated that dieting is a necessary, but not sufficient, condition for
eating disorders; it is rare for a clinician to report on clients with eating disorders who
have not dieted in the past.

On the one hand, retrospective data from individuals with eating disorders provides
evidence of the association between dieting and eating disorders. A number of stud-
ies involving clinical samples have found that the majority of individuals with eating
disorders report that they started to diet before they initiated more severe disordered
eating behaviors. Further evidence of the association is provided by prospective stud-
ies within community samples of adolescents. Within prospective, observational stud-
ies, self-reported dieting has been shown to predict increased risk of disordered eating
behaviors and subthreshold eating disorders. These results suggest that dieting may lead
to more severe eating pathology.

On the other hand, it is important to note that results from a small number of experi-
mental studies have produced seemingly conflicting results; these studies have shown that
female participants randomly assigned to a low-calorie diet demonstrated a decrease in
bulimic symptoms compared to participants assigned to a control condition. A plausible
explanation for these inconsistent findings is that these experimental studies promoted
healthy, structured, and sustainable dietary behaviors (e.g., increasing fruit and vegetable
consumption, decreasing consumption of sugar-sweetened beverages, eating a balanced
diet) that have a protective effect for bulimic behaviors, whereas dieting implemented
within community-based samples looks quite different.

Questions remain about how dieting increases risk for disordered eating and eating
disorders. Some investigators believe that dieting might simply be an antecedent, with
no true causal significance in the development of eating disorders. In other words, we
know that anorexia nervosa is a very complex illness, and it might be that dieting is an
early symptom of the illness rather than a cause. We believe that for certain individuals,
within certain social contexts, dieting reinforces problematic attitudes and behaviors in
the person and his or her environment. For example, for a young girl struggling with low
self-esteem and high levels of body dissatisfaction and perfectionism, who lives within
a social context that encourages thinness, dieting may lead to a sense of control, weight
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loss, and appearance-related compliments that in turn may reinforce more extreme
weight loss behaviors.

Our ability to understand more fully the role of dieting in the development of eating
disorders will likely require a better understanding of the many different types of dieting
and dieters. It has been suggested that some forms of dietary restraint are more likely to
disrupt eating habits than others, and that the more chaotic the everyday eating pattern,
the higher the risk of developing an eating disorder. An important question to consider is
why, in some individuals, dieting sets up a pathway for continuous, extremely restricted
eating and resultant weight loss, whereas in others, as discussed below, dieting can lead
to overeating and subsequent weight gain over time.

Dieting, Weight Gain, and Obesity

Although dieting is often touted as the solution to excessive weight gain and obesity, a
number of prospective studies suggest that dieting is not effective in preventing weight
gain; rather, engaging in dieting has been found to predict weight gain over time. For
example, in Project EAT, a 10-year longitudinal study of young people transitioning from
adolescence to young adulthood, at both baseline and 5-year follow-up, those who dieted
increased their body mass index (BMI) by twice as much as those who did not diet during
this time period. These results were not due to higher baseline BMI values because the
analyses adjusted for baseline BMI. Participants self-reported their dieting behaviors by
responding to the global question, “How often have you gone on a diet in the past year?
By ‘diet’ we mean changing the way you eat so that you can lose weight.” This word-
ing allowed for participant interpretation of the term “diet” but clarified that we were
interested in dieting for weight loss. Interestingly, in analyses that examined associations
between the use of specific unhealthy weight control behaviors that were listed (e.g., fast-
ing, self-induced vomiting) and weight gain over time, similar associations were found.
The finding that dieting predicts weight gain over time raises questions about poten-
tial mechanisms of action. We propose four possible explanations for these associations.
These explanations are not mutually exclusive of each other, and it is highly likely that
they occur in combination. One explanation is that dieting behaviors are adopted on a
short-term basis at the expense of more sustainable behavioral lifestyle choices that are
likely to impact weight management positively, such as regular breakfast consumption,
fruit and vegetable intake, and physical activity. A second explanation is that dieting
leads to hunger, which leads to overeating, then to feelings of failure at “breaking one’s
diet,” then back to dieting again. Thus, the cycle of dieting continues but is not effective
at weight management. A third, and related, explanation, proposed by Polivy and Her-
man (1985), is that dieting causes binge eating by promoting the adoption of a cognitively
regulated eating style. Through the use of cognitive control, rather than physiological
controls (e.g., internal signs of hunger or satiety), dieting increases risk for disinhibition,
whereby if one overeats and is then exposed to forbidden foods, overeating is likely to
occur. Finally, if dieting is associated with decreased energy intake, metabolic efficiency
may increase. Dieting may alter metabolism such that fewer calories are needed to main-
tain weight. When a diet ends, a person may struggle to reduce daily caloric intake to
the new level required for weight maintenance in the face of these metabolic changes.
Given that many individuals go on repeated diets, then overeat in between, metabolic
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efficiencies, even if small, may be problematic. While evidence to support this last expla-
nation is scant, this claim is often made by repeat dieters.

The question remains about what types of behaviors do lead to healthy, sustained
weight loss, at least for some individuals, and if any of these behaviors might be viewed as
dieting. Data from the National Weight Control Registry, an ongoing research study that
gathers information from people who have successfully lost weight and kept it off, helps
to answer this question. Individuals are invited to join the National Weight Control Reg-
istry if they are 18 years or older, have lost at least 30 pounds, and have maintained this
loss for 1 year or more. Among these, 98% report that they modified their food intake
in some way in order to lose weight. With regard to sustaining their weight loss, most
members report that they continue to maintain a low-calorie, low-fat style of eating and
also engage in high levels of physical activity, watch less than 10 hours of TV per week,
eat breakfast regularly, and regularly monitor their weight. It is unclear whether these
individuals would describe the changes they made as dieting or as a change in lifestyle
behaviors.

It is important to know what “counts” as dieting. If individuals view their behav-
iors as dieting, they may see these behaviors as rigid, short-term, to be utilized until the
desired weight loss is achieved. In contrast, lifestyle behaviors tend to be more long term
and allow for greater flexibility; thus, one might be less likely to make comments such
as “I will start my diet on Monday ” or “I already broke my diet so I might as well have
another piece of cake.” We would venture to guess that many people who lose weight and
maintain the loss view their behaviors as lifestyle behaviors and that their more long-term
vision contributes, at least in part, to their success. Other questions of interest include the
following: Are there people for whom dieting is likely to lead to long-term weight man-
agement, and if so, what behaviors and/or attitudes contribute to their success? Why do
most dieters gain weight, and why for others does dieting represent the first rung on the
ladder to excessive dietary restriction?

Clinical Recommendations

Given that research demonstrates that dieting has relevance for a broad spectrum of
eating and weight-related problems, we believe that it is important for health care pro-
viders to screen for dieting behaviors and discuss healthful alternatives to dieting. Pro-
viders should inquire about past and current dieting efforts. Suggested questions include
the following: “Are you doing anything to lose or maintain your weight? If so, what?
Have you gone on a diet in the past year to lose or maintain your weight? If so, please
describe. Are you currently dieting to control your weight? If so, tell me what you are
doing and how it is going for you.” Among those individuals who report recent or cur-
rent dieting efforts, clinicians should explore carefully what these individuals are actu-
ally doing, given that dieting can encompass different attitudes and behaviors for differ-
ent individuals.

If clients are overweight and there are health reasons that justify weight control
practices, clinicians should discuss healthful alternatives to short-term dieting to ensure
long-term weight management and the avoidance of disordered eating behaviors and/or
inadvertent weight gain over time. It may be useful to share with clients relevant research
findings that indicate dieting is paradoxically associated with weight gain over extended
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periods. It may also be worthwhile to explore the client’s thoughts on why dieting does
not seem to be successful in long-term weight management, given that the client probably
has had unsuccessful dieting experiences that can serve as a basis for discussion. Recom-
mended behaviors may include engaging in physical activities that the client enjoys, eating
more fruits and vegetables, limiting energy-dense foods, watching portion sizes, limiting
or eliminating sugar-sweetened beverages, and eating breakfast on a regular basis. In
addition, clients should be encouraged to pay attention to internal signs of hunger and
satiety, and engage in more intuitive eating. Flexibility should be encouraged to avoid
an overly rigid plan that may result in feelings of failure when the plan does not go as
intended. Given that most overweight individuals have experienced weight stigmatization
or some type of related mistreatment, care should be taken in discussing weight status;
thus, it may be best to focus less on weight and more on behaviors for overall health. That
said, since the time spent within the clinician’s office offers a safe space to discuss experi-
ences of weight stigma and body image concerns, it can be helpful for the clinician to ask
openly about these experiences and feelings.

Regardless of a client’s weight status, clinicians should explore reasons for, and con-
sequences of, dieting behaviors. It is important to know what prompts dieting behaviors;
for example, was the decision to go on a diet the result of a comment by someone at
school or one’s significant other? The behavioral consequences should also be explored
to determine whether the dieting is leading to binge eating or ongoing restrictions beyond
what is appropriate. It may also be appropriate to explore psychological (e.g., feelings of
loss of control) and social (e.g., reactions by others to dieting behaviors or weight loss)
consequences. In cases in which there is concern about the client’s risk for developing dis-
ordered eating behaviors or an eating disorder, further assessment and possible referral
to an eating disorders treatment team may be necessary.

Recommendations for Prevention

An important step is to develop interventions to reduce dieting and evaluate the effective-
ness of such interventions in the prevention of related problems, particularly in young
people. Risk factors for dieting, such as body dissatisfaction, internalization of cultural
ideals of thinness, and possibly inaccurate information about the effects of dieting, should
be addressed. Given the ubiquitous nature of diet information and advertisements within
our culture, such interventions should aim to provide young people with the information
they need to be critical consumers when they encounter such information. Within obesity
prevention programs, we must seek out ways to reach youth effectively with messages
likely to improve their eating and physical activity behaviors, such as healthful alterna-
tives to dieting. Furthermore, it is crucial to consider the social contexts within which
young people live and to address relevant family and peer norms. For example, parents
should be made aware of the potentially harmful effects of modeling dieting behaviors or
making weight-related comments. Schools and workplaces should avoid efforts that are
likely to increase dieting (e.g., weight loss competitions) and, instead, ensure the avail-
ability and accessibility of resources (e.g., BMI report cards, weight loss competitions).
likely to enhance healthful eating and physical activity behaviors. Finally, at the policy
level, regulations regarding the false promises of diets are needed.
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Weight Suppression

MICHAEL R. LOWE

or most of human history, whenever an adequate food supply has existed, people
have typically maintained highly stable body weights despite the intake and expenditure
of millions of calories over a lifetime. This stability is accomplished in an unconscious,
automatic manner, not appreciably different from the maintenance of a constant body
temperature. People were concerned with avoiding energy deficits and weight loss but
had little reason to lose weight intentionally. As modern cultures developed—with their
profusion of energy-rich foods and labor-saving devices—many people gained excessive
weight to the point that dieting to lose weight has become commonplace. As a result,
many people weigh less, and some people weigh much less, than their highest past body
weight. The term weight suppression (WS) defines the difference between an individual’s
highest past weight at adult height (not due to pregnancy or medical conditions) and his
or her current weight. Although there have been a number of observational studies of
semistarvation in humans, until recently there was no research examining how individual
differences in WS affect people biologically or psychologically. There are now about three
dozen studies of WS. The extensive literature on the effects of weight loss on metabolism
and eating behavior in animals and humans appears to implicate WS as a cause, not
simply a correlate, of the outcomes with which it has been associated. This research is
relevant to eating disorders and to the feasibility of overweight individuals maintaining
weight loss over the long term, which comprise the topics of this chapter.

WS and Eating Disorders

The classic semistarvation study by Keys and colleagues provided a scientific basis for the
impact of a major weight loss in producing adverse psychological, appetitive, and meta-
bolic consequences, and offers the best evidence that large weight losses can cause binge
eating in nonobese (and psychiatrically normal) people. Most individuals with anorexia
nervosa (AN) or bulimia nervosa (BN) lose substantial amounts of weight (sometimes 20
kg or more) during the development of their eating disorder, and most remain well below
their highest premorbid weight for years. The average level of WS in BN is 7-11 kg, and it
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is somewhat higher in those with AN. Although this fact has long been known, the pos-
sibility that individual differences in the discrepancy between past highest and current
body weight would be related—independently of current body mass index (BMI)—to eat-
ing disorder symptoms and prognosis had not been considered until recently. WS research
initially focused on those with BN but it has now been extended to those with AN. Three
studies have found that the degree of WS is related to symptoms and weight gain in AN,
even after the current state of emaciation is taken into account. Findings on the relation
of WS and disordered eating (while controlling for current BMI) include the following:

e One study on BN found that higher WS predicted worse treatment outcome, but
three subsequent studies failed to replicate this finding. In a 5-year observational study,
those with the highest WS required the longest time to recover. The pattern of results
across these studies suggests that WS may undermine treatment outcome only among
those with the greatest WS (e.g., the upper third of the distribution).

e In some but not all studies, WS predicts frequency of binge eating and/or purging
in BNj it is also positively related to the reinforcing value of food in BN and the size of
binge episodes.

e In nearly all of the studies in which it has been examined, WS has robustly pre-
dicted the amount and/or the rate of future weight gain in both AN and BN for periods
ranging from 4 weeks to 18 years.

e WS is positively related to exercise frequency in BN.

e In a 10-year follow-up study of college students, WS at baseline predicted the
development of BN among students asymptomatic at baseline and the maintenance of BN
in those who were symptomatic.

e In healthy individuals, WS correlated inversely with resting metabolic rate and
total energy expenditure over 2 weeks. In eating disordered individuals, WS was inversely
related to leptin level and directly related to menstrual irregularities.

e The importance of simultaneously considering both WS and BMI in research on
AN is reflected in a recent cross-sectional analysis, in which higher WS and higher BMI
were both independently associated with increased eating pathology, general distress,
and physiological abnormalities.

e In the same study, the interaction of WS and absolute BMI was the best predictor
of residential treatment outcome: At lower admission BMIs, greater weight suppression
predicted better scores at discharge, while, at higher admission BMIs, greater weight sup-
pression predicted worse scores at discharge.

e In a treatment study for binge eating disorder, WS was positively related to the
frequency of binge eating. In the same study, higher WS also predicted smaller percent
weight losses in a cognitive-behavioral weight loss treatment condition.

Research has revealed that, premorbidly, the average BMIs of individuals who go on
to develop AN or BN are higher than those of same-age peers. Therefore, many individu-
als with BN who are of normal weight or even overweight may simultaneously have a
high level of WS. In addition, the meaning of WS in early-onset AN is often ambiguous
because if AN begins before adult height is reached, WS may be low despite the fact that
the affected individual would have reached a higher BMI had the development of AN not
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interrupted normal development. These findings suggest that the body may be capable
of sensing, and be “invested in” two types of weight reduction—that relative to a high-
est previous weight (sometimes called relative WS) and that involving weight loss below
a healthy weight for height (called absolute WS). We have used the midpoint (a BMI of
21.7) of the range of normal BMIs (18.5-24.9) as a point estimate of a healthy weight
for height, based on the assumption that most females require a minimum percentage of
body fat to evince normal physiological function. Using this definition, a woman with BN
with a BMI between 18.5 and 21.7 would be considered underweight in absolute terms.

The independent and interactive effects of WS and BMI can be studied because the
two measures show little if any correlation. One study found that both WS and current
BMI predicted future weight gain, and another found that the highest frequency of binge
eating occurred among individuals with BN who were simultaneously high in relative and
absolute WS (e.g., an individual whose past highest BMI was 26 kg/m? and whose current
BMT is 19 kg/m?). Finally, in a recent study, the interaction of WS and BMI was the most
consistent predictor of outcome during the treatment of AN.

To date, the role of weight loss and WS has not been accounted for in cognitive
and behavioral models of disordered eating. These models focus on sociocultural pres-
sures toward slimness and the internalization of these pressures, especially among young
women with anxiety or self-esteem problems. As noted earlier, research on individu-
als with eating disorders indicates that their premorbid BMIs are generally higher than
those of their peers. Vulnerability to developing an eating disorder may therefore stem
not just from an exaggerated sense of the importance of a thin body, but from the real-
world stress of having a body mass that is higher than one’s peers. Weight loss from these
elevated premorbid body weights may improve the self-esteem of individuals with eating
disorders but simultaneously creates metabolic and behavioral pressures that makes even-
tual weight regain very likely. Thus, even if an individual is in the healthy weight range, a
high degree of WS will exert pressure toward weight regain. When such regain occurs in
those with eating disorders, it is highly distressing and may prompt renewed weight loss
efforts or purging behaviors that perpetuate this unhealthy cycle. Because even success-
fully treated patients are often still well below their highest previous weight, vulnerability
to relapse may remain high. The recent identification of WS as central to the etiology,
maintenance, and course of eating disorders opens new avenues of psychopathology and
psychotherapy research.

WS and Weight Regain Following Weight Loss

WS has primarily been studied in eating disorders, where it has been shown to predict
future weight gain. WS has also predicted weight gain in at least two studies of individu-
als without psychiatric or weight disorders. This evidence, along with numerous studies
showing that overweight individuals routinely regain the weight they lose in weight loss
programs, has implications for the more general question of the feasibility of maintain-
ing a significant weight loss over the long term. It appears that when an individual gains
weight and remains at the elevated weight for an extended period, the body treats the
higher weight as its “new normal.” That is, the highest weight becomes a new bench-
mark; downward deflections from this benchmark provoke responses similar to those
following weight reductions below a healthy body weight—that is, they are strenuously
resisted. A recent study followed a group of dieters who had lost weight and had kept off
at least 5% of the lost weight 3 years later. The correlation between these individuals’
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starting BMI and their BMI after 3 years was .96. This suggests that the initial BMIs of
these individuals functioned much like an “acquired set point,” and that the body was
exquisitely sensitive to deviations from this starting weight, so that these individuals’
future weights were closely tied to their starting weights. Although a tenacious defense
of an achieved body weight was once beneficial for survival, in the modern environment
it appears, unfortunately, to have a very different impact. This is distressing news for the
millions of overweight individuals who are trying to lose weight and keep it off.

These findings indicate that it would be wise to redirect some of the resources that
are currently devoted to the treatment of obesity to the prevention of unhealthy weight
gain among the nonobese. There are two reasons for this. First, weight gain predicts
vulnerability to additional weight gain; though initially gaining a few kilograms is likely
harmless, the fact that such weight gain usually presages future additional weight gain
indicates it should be taken seriously in the early stages. Second, the popular assumption
that overweight can be reversed whenever one is sufficiently motivated to do so is now
known to be simplistic and misguided. Preventing unhealthy weight gain is likely to be
far easier, and to have far fewer negative consequences, than trying to permanently lose
extra weight after it has been gained.

Future Research Directions

A number of questions remain about why WS has the effects it does and how treatments
for eating disorders and obesity might be modified in light of research on WS. First, little
is known about how long an individual needs to be at a higher weight for the body to
treat that weight as a newly established benchmark. A study of rats found that the dura-
tion of dietary obesity affects its reversibility: Those fed a high-fat diet for 17 weeks and
then switched to chow feeding reversed their obesity, whereas those kept on the high-fat
diet for 30 weeks did not. Similarly, little is known about whether the effects of weight
loss change as a new, lower weight is maintained over time. The best-controlled research
on this topic suggests that behavioral and metabolic resistance to weight loss is main-
tained over long periods, perhaps permanently. This does not mean that some individuals
cannot successfully maintain weight loss, but it does help explain why this outcome is
so rare. Additionally, although WS is a continuous measure, it is not known whether the
body’s behavioral and metabolic responses to weight loss are proportional to the weight
loss. For instance, one group has suggested that individuals have different weight loss
thresholds that must be crossed before powerful defensive reactions to weight loss (e.g., a
drop in metabolic rate and leptin levels) are induced, suggesting that metabolic reactions
to weight loss may be sudden and discontinuous.

Another potentially fruitful topic for investigation is whether the reason for WS
determines the body’s response. Emerging research in young adults has suggested that
roughly 30% of those who experience more than 2 kg of WS report that the weight loss
was not intentional. Nothing is known about whether the age at which a highest weight
is reached, or the age at which weight is lost, has implications for the impact of WS.
Finally, it is important to remember that the highest past weight and current weight that
define WS can occur anywhere along the dimension of BMI. The consequences of WS
may depend on the BMI level reached at the highest past weight (e.g., the impact of a WS
of 10 kg on an individual whose initial BMI is 30 kg/m? may differ from the impact of the
same WS on an individual with an initial BMI of 25 kg/m?), and on the BMI level reached
following weight loss (a weight loss that reduces body fat to a subnormal level may have
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a greater impact than a similar weight loss that still leaves an individual with surplus
body fat). Similarly, it is important to determine whether it may be better to measure WS
relative to an individual’s past highest weight (by dividing WS values by the highest past
weight) rather than using unadjusted WS scores.
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Origins of Binge Eating

Pediatric Loss-of-Control Fating

MARIAN TANOFSKY-KRAFF

isk for binge eating may be programmed as early as conception, although
binge-type eating typically manifests in middle childhood. Most empirical data are in
preadolescents and adolescents, and it is during these developmental periods that binge
eating is typically referred to as loss-of-control (LOC) eating, which is likely the most
evident precursor to binge-type eating disorders. LOC eating is the subjective experience
of being unable to control what or how much is eaten, regardless of the amount report-
edly consumed. By definition, LOC eating encompasses objectively large binge episodes,
as well as smaller, ambiguously large binges. LOC eating is often used to describe binge
eating in childhood due to difficulty in determining what constitutes an “objectively
large” amount of food in growing boys and girls with vastly differing energy needs.
Indeed, the presence of LOC regardless of episode size appears to be the most salient
feature of binge eating patterns among children and adolescents. Therefore, this chapter
focuses on the literature from these developmental periods as opposed to retrospective
studies in adult samples, and makes use of the term “LOC” eating throughout. Correla-
tional, phenotypic, and prospective data are presented. Last, areas for future exploration
are discussed.

Prevalence of LOC Eating

At least one recent (within the past 1-3 months) episode of LOC eating is reported by
15 to 50% of youth, with the highest estimates among overweight and obese adolescent
girls seeking weight loss treatment. Prior to adolescence, boys and girls appear to be at
equivalent risk for reporting LOC. Reports of LOC are common among youth of diverse
racial/ethnic backgrounds; more specifically, non-Hispanic white, white Hispanic, and
black youth have comparable prevalence rates of LOC.

121



122 I. FOUNDATIONS

Correlates of LOC Eating
Physiological Correlates

Across studies, findings are generally consistent that youth with reported LOC are heavier
and have more adiposity than their peers without LOC. As a result, studies rendering the
most compelling findings are those that account for the contribution of body composi-
tion. Only such studies are considered in this section.

Data suggest that pediatric LOC eating is heritable; children with LOC are likely
to have a parent with binge eating, a finding that suggests genetic and environmental
influences. Only one pediatric study examined a candidate gene, namely, the FTO (fat
mass and obesity associated) gene (16g12.2). Findings showed that youth with at least
one high-risk allele were more likely to report LOC than those with the wild-type allele.
Since FTO is highly expressed in hypothalamic regions important for appetite regulation,
the relationship between LOC and appetitive hormones warrants investigation. How-
ever, only one pediatric study has examined leptin, an adipose-tissue-derived hormone
that influences energy homeostasis, eating behaviors, and appetite regulation. Findings
indicate higher levels of fasting serum leptin in youth with LOC eating compared to
those without LOC. Elevated leptin levels may suggest either a persistent compensation
mechanism in response to LOC eating episodes, or may reflect leptin resistance, which
in turn might promote sensations of hunger and LOC eating. There are limited data on
LOC and components of the metabolic syndrome. Some, but not all, data show a link
between insulin resistance and LOC. Recent data suggest that youth with LOC may have
higher systolic blood pressure and higher low-density lipoprotein cholesterol than youth
without LOC.

There is some preliminary evidence for neural correlates of LOC eating. A functional
magnetic resonance imaging (fMRI) study of overweight female adolescents found that,
following a social rejection task, girls with LOC experienced blunting in the ventrome-
dial prefrontal cortex compared to girls without LOC, who experienced increased activ-
ity, a response that might be expected in healthy samples. Moreover, only among girls
with LOC, activity of the fusiform face area was positively associated with intake during
a test meal immediately following the social rejection task. Such data support the notion
that LOC may be promoted by neural mechanisms similar to those of social anxiety
models in youth.

Psychological Correlates

The vast majority of research on pediatric LOC has been in the area of psychological
associations. The temperamental trait of impulsivity appears to confer vulnerability for
LOC. Compared to youth without LOC eating, those who report LOC also report lower
self-directedness, which is indicative of the tendency for behavior to be driven by reac-
tive impulses rather than thoughtful, goal-directed decision making. The temperamental
trait of negative urgency—the tendency to act rashly or impulsively in response to dis-
tress—has been associated with self-reported LOC eating. Heightened trait reward sen-
sitivity, especially in relation to palatable food, has also been linked to pediatric LOC.
Youth with LOC are prone to eat in response to external food cues, such as the sight or
smell of food, and LOC severity is associated with tendencies to have a strong desire to
eat and preoccupation with food. Data also show that youth with LOC frequently report
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a range of disinhibited eating traits, such as emotional eating and eating in the absence
of hunger.

Negative affect is also a distinguishing feature of youth with LOC eating; youth with
LOC tend to report more symptoms of depression and anxiety and lower self-esteem
compared to those without LOC. Data also consistently demonstrate that youth with
LOC eating report greater disordered eating cognitions than do youth without LOC.
Clinical overvaluation of weight and shape is reported by a substantial subset (~50%) of
those with LOC. Yet it should be noted that data across studies suggest that elevations in
all of these psychological variables typically do not reach clinical significance.

Behavioral Phenotype

Pediatric LOC eating has been phenotyped in several laboratory studies. Data are mixed
on whether youth with LOC consume more total calories in the laboratory, and findings
may vary based on sex, age, and body weight status. By contrast, youth with LOC tend
to consume meals that comprise more calories from carbohydrates and fewer calories
from protein than their peers who do not report LOC. Additionally, youth with LOC
consistently tend to consume more highly palatable, energy-dense foods in the laboratory
and based on self-reports.

Supporting several negative affect theories of binge eating (e.g., escape theory), in
laboratory settings, not only do youth with LOC generally report greater premeal state
negative affect than youth without LOC, but such mood states typically predict greater
subsequent consumption of palatable foods and carbohydrates. Consistent with models
of affect regulation, some laboratory studies found that overall reductions in negative
affect occur from pre- to postmeal.

Differences in familial attachments and interactions also provide support for a
distinct LOC phenotype. For instance, children with LOC frequently exhibit insecure
attachment styles relative to non-LOC controls. Observational studies found that relative
to those without LOC, children with LOC were subject to more critical comments about
their eating, weight, and shape from parents, and general familial discord in both labora-
tory and natural environments. These parent—child interaction patterns were associated
with observed dysregulated eating patterns in the laboratory. In a separate laboratory
study, youth with LOC eating reported a greater degree of hunger, more hostility, and
greater preoccupation with family issues when an internalized family image was activated
in comparison to nonclinical controls without LOC. It is possible that the interpersonal
model may account for these relationships, such that unsatisfying familial relationships
give rise to feelings of negative affect that precipitate LOC eating.

Prospective Data
Predictors

Numerous longitudinal studies have examined predictors of LOC eating behaviors in
pediatric samples. Several have shown that weight-based teasing and critical comments
by family members are robust risk factors for the onset of LOC eating. Similarly, longi-
tudinal studies found that lower levels of perceived parental care and role differentiation
within the family were predictive of LOC onset during adolescence. Additionally, social
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isolation and childhood experiences of peer teasing and bullying, particularly about
weight and shape, are predictive of the initiation of LOC eating. Longitudinal studies in
adolescent girls suggest that low social support is related to LOC eating onset. Depressive
symptoms and negative self-esteem during early adolescence predict the onset and persis-
tence of LOC eating during later adolescence and young adulthood. Psychosocial factors
have also been found to predict the exacerbation or persistence of LOC eating patterns,
for instance, trait negative urgency and insecure attachment style.

Existing data consistently support the dual-pathway model (i.e., that dietary restraint
aimed to achieve a cultural “thin ideal” and negative affect interact to promote binge
eating) to explain risk for LOC eating in pediatric samples. A large cohort study of pre-
adolescent girls and boys found that a composite measure of thin ideal internalization
and perceived social pressures about weight was predictive of the onset of LOC eating at
2-year follow-up. Perceived sociocultural pressure to be thin or to lose weight, as well as
body dissatisfaction, were related to the subsequent onset of LOC eating in adolescents.
In a prospective epidemiological study of adolescents, females reporting that they were
trying to look like persons in the media were more likely to develop recurrent LOC eat-
ing. Similarly, parents’ or peers’ modeling of body image dissatisfaction, dieting, or dis-
ordered eating behavior predicts the onset of LOC eating in adolescent girls. Prospective
tests of the dual-pathway model in children and adolescents provide support for the pro-
posed mechanisms. However, most of these data are limited to primarily non-Hispanic
white samples. Given that pediatric studies show that nonwhite Hispanic and black youth
are less likely to ascribe to the “thin ideal,” mechanistic data are required to elucidate
how underrepresented groups develop LOC eating.

Course and Outcome

Following initial LOC onset, the natural course of LOC eating appears to involve both
remission and relapse throughout childhood and adolescence. While the presence of LOC
eating ever (in one’s lifetime) has been associated with adverse outcomes, only about 50%
of youth with LOC go on to experience persistent and exacerbated LOC eating patterns
during middle to late adolescence and beyond. Persistent LOC eating throughout child-
hood has been shown to transition to partial- or full-syndrome binge eating disorder.
Despite a somewhat variable course, a distinct subset of youth with LOC appears to be
vulnerable to a persistent and exacerbated course of symptoms.

Across longitudinal studies, reports of LOC eating in childhood and adolescence
consistently predict excess body weight and adiposity gain, as well as obesity onset.
Moreover, LOC has been shown to predict worsening of metabolic syndrome compo-
nents, including increased triglycerides, after accounting for the contribution of body
weight gain, as well as central adiposity. With regard to psychological outcomes, over
time, youth with LOC are at greater risk than those without LOC to experience a wors-
ening of mood symptoms and the development of partial- and full-syndrome binge eating
disorder.

Future Directions

Despite a considerable literature supporting the pernicious nature of pediatric LOC eat-
ing, the current data render more questions than answers. Given that approximately half
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of youth who report LOC eating remit over time, more specific characterization of the
behavior is required. An important area for future exploration will be determination
of which variables interact to promote persistence or exacerbation of LOC eating over
time. Another important area for future research will involve disentangling LOC eating
from other appetitive traits and behaviors. Indeed, numerous overlapping disinhibited
eating conceptualizations are being studied around the globe in isolation of one another.
It remains unclear to what extent LOC differs from other behaviors, including, but not
limited to, emotional eating, eating in the absence of hunger, and food addiction. Taken
together, and consistent with calls for more precise models of psychiatric diagnoses and
presentations, LOC eating requires more accurate endophenotyping. Indeed, a num-
ber of diagnostic conceptualizations of LOC and related eating patterns that have been
proposed may better predict which youth require early identification and intervention.
Moreover, given its focus on underlying neural circuits, genetics, and physiology in the
context of development, the Research Domain Criteria project may play an important
role in clarifying LOC eating behaviors. It is likely that LOC eating is a manifestation of
disinhibited eating behaviors that are driven by physical, psychological, and environmen-
tal factors that occur along a developmental trajectory. As children grow older, a subset
with LOC will experience a worsening of symptoms that result in adverse psychiatric
outcomes such as binge-type eating disorders and excessive weight gain and obesity.

Conclusions

The clearest initial manifestation of binge eating appears to be LOC eating. While a
proportion of youth with LOC eating experience spontaneous remission, for many oth-
ers, LOC eating persists and worsens throughout development. In susceptible youth,
the presence of LOC increases risk for adverse physical and psychological outcomes,
including the onset of obesity, full-syndrome eating disorders, and mood disturbances.
Future research is required to better characterize children at greatest risk for adverse
outcomes.
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Sociocultural Influences on Body Image
and Eating Disturbance

ANNE E. BECKER

iversity in body ideals across time, geography, and other kinds of social con-
texts is exhaustively documented in the scientific literature. Likewise, the prevalence of
eating disorders has shown remarkable historical and cross-cultural variation. This fluc-
tuation in the setting of shifting social mores and values has at various times raised the
question of whether either anorexia nervosa or bulimia nervosa was uniquely associated
with modern, Western cultures. Additional evidence of elevated risk for body dissatisfac-
tion and disordered eating within some populations undergoing social transition through
urbanization, economic development, transnational migration, and other modernization
has been salient to understanding the complexity of pathogenesis and maintenance of
eating disorders, as well as informing preventive strategies.

Sociocultural influences on eating disorder risk figure importantly in models that
link diffusion and adoption of values and norms for body weight and shape, body dis-
satisfaction, and eating disturbances. Such conceptual models do not exclude the con-
tributions of other social, biological, and psychological vulnerabilities as risk factors,
moderators, and mediators, nor do they overwrite the consensus that eating disorders
have multifactorial etiology. The relevance of sociocultural influences to eating disorders
extends well beyond pathogenesis and maintenance factors, however, since they are also
germane to the distribution of associated health burdens, differential access to care, chal-
lenges to diagnostic assessment, and therapeutic strategies.

Sociocultural influences on body image and eating disturbances fall into three prin-
cipal domains. First, cultural factors shape body experience, body practices, aesthetic
ideals, and dietary patterns through their configuration of core values and premises
about selfhood. Second, local social structural factors mediate exposures to ideas, val-
ues, images, and products associated with outside cultural groups. For instance, regional
political and economic events may result in urban and transnational migration; food
insecurity; and ethnic, religious, or racial discrimination and/or differential access to
housing and health services. And finally, large-scale global processes have provided the
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infrastructure for increased connectivity through advances in communications technol-
ogy, transportation, and the extended reach of multinational corporations in marketing
products and services. The latter processes promote the accelerated and widespread dif-
fusion of a particular set of ideas, images, and values associated formerly with modern
“Western” cultures, but increasingly with uptake among youth. These mechanisms, in
turn, multiply the diversity of cultural exposures and social environments that shape
identity, experience, and behavior. Culture is no longer fixed to place, nor is social iden-
tity fixed over time. The complex and multifold interactions across each of these domains
also obviate a simple correspondence between any particular ethnic or social identity and
body image or eating disturbances. For these reasons, it is intellectually and pragmati-
cally most informative to consider how sociocultural factors may influence body image
and eating disturbance as processes operating at local, regional, and sometimes global
levels, rather than as characteristics inhering in any particular community, population,
or sociodemographic group.

Cultural Diversity in Body Ideals

A robust anthropological and sociological literature documents considerable cultural
diversity in aesthetic ideals, body practices, and embodied experience. This variation
extends well beyond body size and shape ideals, encompassing dimensions such as how
the body is adorned, inscribed, remolded, dressed, and otherwise cultivated and pre-
sented, as well as preferences relating to facial features, complexion, and hair. Posture
and movement are also culturally scripted and imbued with social meanings. Although
there are some striking commonalities in beauty ideals across widely different cultures,
substantial variation illustrates their local contextualization. In addition, ethnographic
evidence also demonstrates how body shape ideals reflect and encode core cultural values
and draw on local symbols of social prestige. Because of the role that the drive for thin-
ness and body dissatisfaction play in the pathogenesis and maintenance of eating distur-
bance, cultural variation in body shape ideals has been a particular focus of inquiry on
differential risk across ethnic and cultural contexts.

Converging lines of evidence indicate that as social norms and exposures change,
so does risk for body dissatisfaction and eating pathology. Studies reporting elevated
risk for disordered eating in the setting of transnational migration, urbanization, and
modernization are consistent with this premise. Other observed temporal changes in
eating pathology concomitant with economic development across distinct cultural
contexts lend credence to the hypothesis that eating disorders are linked to cultures
of “modernity” rather than to a specific region or tradition. For example, historians
have traced the emergence of the female body ideal of slenderness in 20th-century U.S.
popular culture from the previous social valuation of corpulence within a nexus of
concurrent influences, including the beauty industry, the ready-to-wear fashion indus-
try, and the increasingly broad distribution of a narrow range of body shapes through
print and televised media that have been presented as ideal, routinized, and associated
with social prestige. The migration of body weight and shape ideals for women toward
a broad cultural preference for thinness coincided with increased prevalence of the eat-
ing disorders anorexia nervosa and bulimia nervosa, both with core psychopathology
relating to body image.
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Changes in the prevalence and presentation of eating disorders in China since the
1980s also illustrate an association of social change with risk. Beginning at that time,
Sing Lee and colleagues described a prevalent local variant of an eating disturbance
characterized by low weight and entrenched restrictive pattern eating, but without the
intense fear of fatness associated with the conventional presentation of anorexia ner-
vosa (AN). They demonstrated the clinical severity of this phenotype and argued that
the alternative rationales for dietary restriction were more salient than fat phobia in
the local cultural context. Over the ensuing decades, they documented a proportional
decline in the presentation of the “non-fat-phobic AN” cases, whereas conventional
presentations of AN and also bulimia nervosa (BN) became relatively more common.
These shifts were attributed to the emerging salience of thinness and appearance among
Hong Kong Chinese women.

Similarly, a series of coordinated studies within a small-scale indigenous population
in Fiji supports increasing risk for eating pathology among adolescent women that cor-
responds with rapid modernization over the past 25 years. Traditional body ideals for
robust size and weight in Fiji reflected the social prestige associated with a community’s
generosity and capacity to procure and distribute food. Weight gain was viewed as an
indicator of social connection and a number of cultural practices reinforced feasting and
weight gain and also constrained personal agency over appetite and weight control. Eating
disorders were absent from the indigenous nosology and rare, if present at all. However,
following a period of brisk social and economic development, which included electrifica-
tion of rural villages and the introduction of broadcast television, eating pathology began
to emerge. Social norms for weight and body shape ideals changed noticeably. That is, in
contrast to the preference for robust body weight rooted in long-standing local traditions,
Fijian women started to express admiration for the lifestyles and slender body size associ-
ated with characters portrayed in television dramas. As this social norm changed, there
was a concomitant uptick of dieting and, increasingly, young women purged to manage
their weight. Distinctive patterning of eating disturbances in both Fiji and Hong Kong
further illustrates the social contextualization of symptoms.

Social Identities, Body Image, and Eating Disturbances

Whereas some studies report variation in body image and eating disturbances across
major ethnic groups in the United States, others support clinically important common-
alities. However, the frequent conflation of heterogeneous ethnic identities with socially
constructed broad categories (e.g., those corresponding to major U.S. census groups) lim-
its the relevance of these studies. Social identity, furthermore, comprises numerous addi-
tional dimensions, including gender, religion, class, occupation, and generation, any of
which may underpin body image, perceived social norms, values, and help seeking in the
health care sector. Social identities may be plural and concurrent, and assimilation to a
perceived dominant culture, global culture, or postmigration culture may be orthogonal
to retention of aspects of ethnic identity tied to a community of origin. Notwithstanding
cultural patterning of body experience and body ideals, there is epidemiological evidence
of comparable risk for eating disorders across major ethnic groups. However, evidence of
clinician bias and significant variation in service utilization across ethnic groups raises
concerns about ethnic disparities in access to care.
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The Changing Demographic Profile of Eating Disorders

AN emerged into the public consciousness as a disorder associated with young women
who were white and affluent. Hilde Bruch’s early influential work drew attention to the
unusual epidemiological footprint of AN at a time when psychiatric epidemiologists,
medical anthropologists, and cultural psychiatrists were deeply engaged in intellectual
debate over the culturally particular patterning of mental disorders relative to universal
commonalities. Perhaps few other mental disorders in the DSM have excited as much
academic interest in the sociocultural patterning of illness as the eating disorders. This
interest, in turn, has arguably had substantial influence on the direction of scientific
inquiry, as well as clinical and lay understandings of these disorders. Indeed, a previous
iteration of the DSM had suggested that AN is uniquely culture-bound to the “West.”
This conceptual framing was later revisited, but not without some entrenchment of clini-
cal stereotypes about the relation of ethnicity and culture to risk.

Indeed, much of the seminal literature on cultural differences emerged from stud-
ies on immigrant populations moving to high-income countries and examination of the
impacts of encounters with cultural exposures in the setting of acculturation, assimila-
tion, and intergenerational conflict. Although these impacts are by no means uniform,
the aggregate data support an association between novel cultural encounters through
acculturation and exposure to social norms characterizing modernity with greater risk of
eating disturbance among young women. Despite previous documentation of the regional
variation in eating disorders, epidemiological, ethnographic, and clinical reports also
support their broadening global distribution and associated health burdens. These data
also provide a counternarrative to prior assumptions about the limited geographical dis-
tribution and public health relevance of eating disorders in the Global South.

Diffusion of “Global Cultural” Exposures and Migration of Social Norms

The shifting global epidemiology of eating disorders, in turn, raises critical questions
about whether wide diffusion of certain cultural exposures, including ideas, images,
values, and commercial products—enabled by communications technologies as well
as increasing global movement and transnational marketing—also broadly promote
risk factors for eating disorders, such as body dissatisfaction and dieting. Major etio-
logical models implicate the mass media, among other social-contextual influences,
in promulgating valuation and internalization of a thin ideal and social comparison,
leading to body dissatisfaction and eating disturbances in some vulnerable individu-
als. Taken together, cross-sectional and experimental studies support an association
between media-based exposures and eating disturbance risk. Thus, the globalizing dif-
fusion through the mass media and social media of particular ideas and values—many
derived from historically Western cultures and capitalist societies—may propagate cul-
tural exposures that bear on risk for body image and eating disturbance. These might
particularly impact frequent users, including youth, who increasingly have new access
to the Internet through mobile devices. Moreover, social media usage is rapidly impact-
ing how young people socialize and position themselves within an increasingly remote
community. Cultural critics argue that new capacities to post and edit photographs
and, in turn, solicit and garner feedback from peers and strangers, potentially amplify
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effects of social comparison, with uncertain but concerning relevance to body dissatis-
faction and eating disorder risk.

Implications of Social Factors for Care Delivery

In addition to implications for etiological and maintaining factors, the influence of social
norms has relevance to preventive and therapeutic interventions. Clinicians should be
aware that eating disorders can occur in individuals from all ethnic, cultural, and social
backgrounds. That being said, there may be marked social diversity in help-seeking pat-
terns for eating disorders, and individuals from certain ethnic/minority groups in the
United States, previously thought to be at lower risk, appear to be at higher risk for
nonreceipt of care. Clinicians should also be aware that social identity comprises mul-
tiple dimensions, including nationality, religion, gender, education, ethnicity, and region.
Some individuals endorse plural and/or hybrid ethnic identities that may, in turn, emerge
developmentally and in relation to their immediate and remote peer and social networks.
Clinicians should avoid assuming that any particular ethnic or social group is “cultur-
ally protected” from an eating disorder, since this could result in clinical nondetection or
adversely impact a patient’s willingness to disclose symptoms.

Since body image and eating disturbances may draw some significance from their
departure from local social norms, diagnostic assessment will be enhanced by familiar-
ity with these norms and values. Given that comprehensive and up-to-date knowledge of
the numerous ethnic, cultural, and social identifies within a multicultural setting may
not always be possible, clinicians should understand how to engage clinically relevant
social identity with a more generalizable and patient-centered approach, which can serve
to elicit the relevant social context of the patient’s symptoms and illness experience. Few
existing data guide adaptations of therapeutic approaches, but dissonance-based eating
disorder prevention may be uniformly effective across ethnically diverse participants.
Additionally, the context of the patient’s social environment governing family meals,
weight expectations and autonomy, and valuation of body ideals will have clinical rel-
evance to how therapeutic strategies are deployed. Patient adherence to treatment may
also be influenced by stigma perceived in the clinical encounter.

Conclusions

Cross-cultural variation in eating disorder risk is consistent with major etiological mod-
els for eating disorders premised on links among body dissatisfaction, drive for thin-
ness, dieting, and eating pathology. Various dimensions of body image and culturally
sanctioned dietary and bodily practices are closely tied to local social norms, values,
and constraints. Body shape ideals vary across cultures, as do the salient dimensions of
body image and body satisfaction. Mass media and social media provide platforms for
global diffusion and homogenization of images and ideas that may promote and reinforce
unhealthful body ideals pertinent to eating disturbance risk. In addition, these platforms
enable new opportunities for and experiences of social comparison. Evidence indicates
that the footprint of eating disorders across world regions may be changing. Despite con-
siderable diversity in the presentation and prevalence of eating disorders across a variety
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of social contexts, eating disorders now have broad global distribution, including in low-
and middle-income countries.

Whereas numerous studies have drawn attention to ethnicity-based distinctions in
body image and eating disorders risk, social identities are frequently plural, hybrid, and
in flux. To the extent that risk factors for eating disorders—such as body dissatisfac-
tion, internalization of a thin ideal, and dieting—may be increasingly diffuse and shared
across culturally diverse communities, clinicians should be aware that individuals across
cultural, ethnic, and social groups may present with body image disturbance or an eating
disorder, and that social identity may also impact symptom presentation, help seeking,
and therapeutic alliance.
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Stigma, Discrimination, and Obesity

REBECCA M. PUHL

ubstantial evidence has documented stigma and discrimination against indi-
viduals with obesity. Weight-based inequities occur in multiple life domains, including
employment, health care, education, the mass media, and close interpersonal relation-
ships. Estimates from national studies indicate that weight discrimination has increased
in recent decades and is the second most prevalent form of discrimination reported by
women, and the third most common among men. Experiences of weight stigmatization
can lead to a range of adverse consequences for the emotional and physical health of those
who are affected, some of which may reinforce obesity and create barriers to improving
weight-related health. Research has begun to examine policy remedies that could help
reduce societal weight discrimination.

Weight Discrimination in Employment

Several decades of research indicate that the workplace is a common setting in which
weight discrimination occurs. Employees who have obesity are vulnerable to multiple
employment inequities because of their weight, such as being subjected to unfair hiring
practices, lower wages, fewer promotion prospects, stigma from coworkers, and job ter-
mination. Experimental studies have consistently demonstrated that job applicants who
appear to be obese are evaluated more negatively and are less likely to be hired than thin-
ner applicants with identical qualifications. Weight stigmatization against job applicants
with obesity has been shown to have a stronger negative effect on hiring practices than
on any other performance outcomes.

Obesity wage penalties have been documented in population-based studies as a
persistent form of weight discrimination in employment. Recent evidence indicates that
among white women, compared to women with a body mass index (BMI) in the “nor-
mal” range, those whose BMIs indicate overweight or obese experienced 9 andr 15%
decreases in wages, respectively. Among white men, an 11-unit increase in BMI has been
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documented to result in significant wage reductions (as much as 50%). Obesity wage
penalties have also been documented in blacks and Hispanics, with recent evidence show-
ing that overweight Hispanic men in some occupations have as much as a 17% reduction
in hourly wages compared to thinner counterparts. Among multiple racial groups, wage
reductions appear particularly pronounced for jobs that involve interpersonal and social
interactions.

Reported experiences of weight discrimination in the workplace suggest that these
inequities are indeed prevalent. Nationally representative studies of Americans show
that compared to nonoverweight persons, individuals with obesity are 37 times more
likely to report employment discrimination, and those with severe obesity are 100 times
more likely to report these experiences. Research examining experiences of stigmatiza-
tion among women with overweight or obesity found that 54% reported being subjected
to weight bias from coworkers and 43% reported such bias from employers, with many
indicating that these experiences had occurred multiple times.

Weight Stigmatization in Health Care

Medical professionals are not immune to societal weight bias, and recent comparisons
indicate that expressions of weight bias are as prevalent among physicians as the general
public. Research has consistently demonstrated negative weight-based stereotypes and
bias by medical providers across a range of specialty areas, including primary care phy-
sicians, endocrinologists, cardiologists, nurses, dietitians, mental health professionals,
and medical students. Common stereotypes include views that patients with obesity are
lazy, lacking in discipline and willpower, noncompliant with treatment, less adherent to
medications, and at fault for their weight. Recent evidence suggests that some negative
weight biases have worsened, rather than improved, over time, even among researchers
and health professionals who specialize in obesity.

Weight bias expressed by health care providers can interfere with health care deliv-
ery for patients with obesity. Physicians have reported less respect for patients with obe-
sity and less desire to help these patients, and indicate that treating obesity is “more
annoying” and a greater waste of their time than providing care to thinner patients. In
addition, compared to interactions with thinner patients, some doctors spend less time
in appointments, provide less education about health, and are more reluctant to perform
certain procedures with patients who have obesity.

In line with these findings, some patients with obesity perceive that they have been
stigmatized about their weight in the health care setting. These experiences include
patient reports of lack of empathy from providers, negative judgment and/or blame for
their weight by doctors, attribution of unrelated presenting problems to their weight,
experiencing distress from comments that providers make about their weight, as well
as physical barriers, such as lack of appropriate-size medical equipment that is func-
tional for their body size (e.g., scales, blood pressure cuffs, patient gowns). Patients
who perceive themselves as targets of weight stigma indicate reluctance to discuss their
weight concerns, are more likely to switch doctors, and avoid future medical appoint-
ments. Reduced health care utilization as a result of weight bias (including avoidance of
preventive health care services) has been particularly documented among women with
obesity.
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Weight Stigmatization in Education Settings

Youth with obesity are vulnerable to weight stigma in the form of pervasive teasing, bul-
lying, and victimization. Research shows that peers are the most frequent perpetrators of
weight-based bullying, and that school is the most frequent venue in which these incidents
occur. Recent studies indicate that students, parents, and teachers perceive weight-based
bullying as one of the most frequent forms of bullying that youth experience at school. In
2011, the National Education Association issued a nationwide survey of over 5,000 edu-
cators, showing that teachers considered weight-based bullying to be more problematic
than bullying because of a student’s gender, sexual orientation, or disability. Even among
ethnic/minority students who experience race-based bullying, weight-based harassment
has been reported as the most prevalent form of peer harassment experienced by girls,
and the second most common form of harassment reported by boys.

Of concern, adolescents with obesity report that their classroom teachers and
coaches are additional perpetrators of weight-based victimization in the school setting.
Experimental research also indicates that educators have lower expectations for heavier
students than for thinner students (despite being portrayed as having identical skills and
abilities), including views that students with obesity have inferior reasoning, cooperation,
and social skills compared to thinner peers. Weight stigma from educators may extend
to postsecondary education, where graduate students may be less likely to be accepted to
graduate programs after the in-person interview process if they are obese compared to
thinner applicants, even after accounting for students’ grade point averages and letters of
recommendation.

Weight Stigma in the Media

Stigmatizing portrayals of individuals with obesity are common in television shows,
movies, advertisements, news media, and even in youth programming. Characters who
appear to be overweight or obese in television and film are often ridiculed, depicted as
engaging in stereotypical behaviors (e.g., eating or bingeing), and less likely to have posi-
tive social interactions. In youth-targeted media, overweight characters are depicted as
being aggressive, antisocial, evil, unattractive, unfriendly, disliked by others, and eating
food compared to thinner characters, who are more often portrayed as sociable, kind,
successful, popular, and attractive.

News media also reinforce weight bias and stereotypes. Research shows that obesity
is frequently attributed to personal responsibility rather than to societal causes in news
reports, and that remedies for obesity are more often framed as the responsibility of
the individual rather than the need to change societal-level factors. Visual portrayals of
obesity in the news media can additionally reinforce weight stigma beyond written news
content. Research analyzing news reports about obesity have found that more than two-
thirds of images accompanying news reports portrayed obese children and adults in a
stigmatizing manner. Experimental studies additionally show that viewing these types of
stigmatizing images leads to increased weight bias, regardless of the gender or race of the
individual portrayed in the image. Furthermore, studies with youth have demonstrated
that television viewing predicts negative weight stereotyping, and that media exposure is
positively associated with stigmatizing attitudes toward obese youth. Taken together, this
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evidence indicates that the media is an influential source that can reinforce bias against
people with obesity.

Health Consequences of Weight Stigma

Children and adults who experience weight stigma are vulnerable to numerous conse-
quences affecting their psychological and physical health. Psychological consequences
include increased risk of depression, anxiety, low self-esteem, poor body image, sub-
stance abuse, and suicidal thoughts and behaviors. Many of these outcomes persist even
after accounting for factors such as BMI, obesity onset, gender, and age, indicating that
negative psychological consequences emerge from stigmatizing experiences rather than
from obesity per se.

Experiencing weight stigma also increases vulnerability to unhealthy behaviors that
can contribute to weight gain and increase risk for obesity, including binge eating, mal-
adaptive weight control practices, increased calorie intake, avoidance of exercise, and
lower motivation for physical activity. Emerging evidence has additionally demonstrated
heighted physiological reactivity in response to experiences of weight stigmatization,
including heightened cortisol reactivity, C-reactive proteins, and blood pressure, as well
as harmful effects of waist-to-hip ratio on glycemic control.

Recent longitudinal studies suggest that these health consequences of weight stigma
may have more direct links to obesity and weight gain. In a nationally representative
sample of over 6,000 adults from the Health and Retirement Study, those who reported
weight discrimination (but not other forms of discrimination) were 2.5-3 times more
likely to develop obesity or remain obese over time compared to individuals who did not
experience weight discrimination, regardless of their baseline BMI. A study of 2,944
adults from the English Longitudinal Study of Aging similarly found that individuals
who reported experiencing weight discrimination had greater odds of developing obesity
and experienced significant increases in weight and waist circumference, regardless of
baseline BMI.

Adverse health consequences resulting from experiences of weight stigma can reduce
quality of life and create considerable obstacles in efforts to effectively prevent and treat
obesity. This evidence suggests that weight stigma and discrimination represent a public
health issue and should be prioritized alongside efforts to address this problem as a soci-
etal injustice.

Potential Legal and Policy Remedies

Given the pervasiveness of weight stigma and discrimination, legislative remedies may
be necessary to help reduce societal weight discrimination. Currently no federal laws in
the United States prohibit weight discrimination, and only one state (Michigan), and six
U.S. localities currently have civil/human rights laws or municipal/police codes in place
to protect individuals from discrimination due to weight. Despite the lack of legal options
available to address weight discrimination, recent studies indicate increasing public sup-
port for policy strategies to prohibit weight discrimination. National studies show that
75% of Americans favor laws to prohibit weight discrimination in the workplace, and



138 I. FOUNDATIONS

the majority also support extending disability protection for individuals with obesity
and adding body weight as a protected class in existing state civil rights statutes. Public
support for these measures has remained consistent, and in some cases has increased, in
recent years.

Proposed policy strategies to address weight-based bullying in youth have also
received considerable public support. Recent national estimates show consistent and
high support from Americans (as much as 88%) to implement school-based antibullying
policies that protect students from being bullied about their weight, and over 66% sup-
port strengthening existing state antibullying laws to include specific protections against
weight-based bullying. Parental support for these measures remains high regardless of
their child’s body weight status, suggesting that there is widespread recognition that
weight-based bullying is a problem in need of broad remedies.

This research evidence documenting substantial public support for policy-level solu-
tions to address weight-based bullying and discrimination suggests that one of the key
catalysts for motivating political will for policy change is sufficiently established. It will
be important for policy research to continue in this area, to identify and determine leg-
islative and policy measures that are most feasible to implement and likely to have the
highest impact on reducing weight-based inequities.

Conclusions

Several decades of evidence indicate consistent stigma and discrimination against chil-
dren and adults with obesity in major life areas of employment, medical care, education,
and the mass media. Weight-based inequities and prejudice in these settings reinforce
broader societal weight stigma and lead to numerous negative health consequences for
those who are affected. These consequences can create significant obstacles in efforts to
prevent and treat obesity. Taken together, existing evidence indicates that broad-scale
efforts to implement stigma reduction strategies are warranted. This will not only require
stigma reduction interventions targeted to different settings (e.g., education and training
of medical professionals to reduce weight-based stigma in health care), but it may also
necessitate broader policy initiatives to help prohibit systemic societal weight-based dis-
crimination and prejudice that otherwise remain pervasive and impair quality of life for
so many who are affected.
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Body Image, Obesity, and Eating Disorders

J. KEVIN THOMPSON
LAUREN SCHAEFER

Ithough the term body image was once thought simply to describe a person’s
internal representation of his or her outer appearance, researchers increasingly concep-
tualize body image as a complex and multidimensional construct that comprises the per-
ceptual, cognitive, emotional, and behavioral experiences associated with how a per-
son views his or her body. In other words, body image refers to one’s mental image of
the body and physical sensations; thoughts about one’s body; affective states associated
with viewing or thinking about one’s body; and actions in which one engages to modify,
conceal, expose, or otherwise accommodate one’s own appearance. The nature of these
experiences and a person’s relationship with his or her body may have a profound effect
on his or her quality of life and lived experience. “Negative body image” (i.e., dissatis-
faction with or shame about one’s body, holding negative views of the body, engaging
in unhealthy behaviors aimed at manipulating one’s appearance, and acceptance and
pursuit of unhealthy appearance ideals) may contribute to decreased self-esteem, negative
affect, social withdrawal, feelings of worthlessness and incompetence, unhealthy weight
control practices, and eating pathology.

In large-scale surveys, girls and women consistently report higher levels of nega-
tive body image compared with boys and men. In addition, males and females differ
with regard to the specific aspects of appearance that are cited as being most relevant to
their overall body image and the particular appearance ideals for which they strive. For
women, body image concerns generally center on issues of weight and a desire for a thin-
ness. Within Western culture, the predominant appearance ideal for women, termed the
thin ideal, is a very slender frame with low body fat, a toned physique, and ample breasts.
Body image concerns for men tend to center on a desire for leanness and increased mus-
cularity. The male muscular ideal is lean but muscular, with well-developed and -defined
upper body muscles, a V-shaped torso, and a slim waist and hips.
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Assessment of Body Image

Numerous tools are available to assess the perceptual, cognitive, affective, and behavioral
dimensions of body image. Perceptual measures of body image once flourished in inves-
tigations of body size distortion. However, considerable controversy in the last 40 years
regarding the validity of these measures, combined with inconsistent findings, has led to
a decline in their use. Modern approaches to the assessment of body image instead tend
to focus on attitudinal components of body image.

Global subjective satisfaction measures broadly assess satisfaction with one’s appear-
ance. Figure rating scales present respondents with an array of numbered artist- or com-
puter-generated images representing the human body in varying shapes, weights, and
sizes. Respondents indicate the figure that best represents how they view their “real”
physical appearance and the one that represents their “ideal” physical appearance. Body
dissatisfaction scores are calculated as discrepancy scores (i.e., the difference between the
two identified figures). Numerous self-report questionnaires have also been developed to
assess overall body satisfaction and satisfaction with specific aspects of one’s appearance
(e.g., weight and shape).

A growing number of measures have been developed to assess additional dimensions
of body image. For example, affective measures assess feelings such as anxiety, distress,
and shame associated with one’s body. Cognitive measures assess beliefs, thoughts, inter-
pretations, and attributions related to one’s appearance. Such scales may seek to assess
beliefs about the importance of appearance to a respondent’s overall self-image or the
perceived impact of appearance on his or her relationships and opportunities. Increas-
ingly, researchers are using measures to assess important behavioral manifestations of a
person’s body image attitudes. For example, measures may assess the frequency of body
avoidance (e.g., avoidance of mirrors, nudity, or self-weighing) or body checking (e.g.,
pinching adipose tissue, increased use of mirrors or scales).

Body Image and Disordered Eating

Numerous etiological theories highlight the role of body image in the development and
maintenance of disordered eating. Such theories suggest that individuals who are unhappy
with their weight and shape may engage in dieting and unhealthy weight control practices
in order to influence their appearance. In support of such theories, Stice’s (2002) meta-
analytic review of prospective and longitudinal studies suggests that body dissatisfaction
is one of the most reliable risk and maintenance factors for eating pathology.

In addition to increasing risk for the development of disordered eating, body image
disturbance is designated by the fifth edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5) as a core feature of both anorexia nervosa (AN) and bulimia
nervosa (BN). AN is marked by “intense fear of gaining weight or becoming fat, even
though underweight” and “disturbance in the way in which one’s body weight or shape
is experienced, undue influence of body weight or shape on self-evaluation, or persistant
lack of recognition of the seriousness of the current low body weight” (p. 339). Diagnos-
tic criteria for BN similarly require that “self-evaluation is unduly influenced by body
shape and weight” (p. 345).

The exact nature of the body image disturbance at the heart of disordered eating has
been long debated, with most researchers investigating perceptual body size distortions
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and evaluative dissatisfaction. Given the puzzling clinical presentation in AN, in which
emaciated clients may refer to their underweight bodies as “fat” and report an intense fear
of gaining even a small amount of weight, clinicians and researchers have hypothesized a
significant perceptual deficit in size estimation. Cash and Deagle’s (1997) meta-analytic
review examining perceptual distortions and body dissatisfaction in patients with AN
and BN compared to controls suggests moderate differences in body size estimation. On
average, patients with eating disorders exhibited greater size distortion (i.e., overestima-
tion) than 73% of controls. Perceptual measures, however, did not distinguish between
eating disorder groups. Results suggest that size overestimation is more prevalent among
individuals with eating disorders, but it is not unique to eating disorders overall or to
AN specifically. Results examining body dissatisfaction in patients with eating disorders
and controls produced much larger effect sizes, with the average patient reporting lev-
els of body dissatisfaction that exceeded 87% of controls. Body dissatisfaction also dis-
criminated between individuals with BN and those experiencing AN; on both global and
weight/shape specific attitudinal measures, individuals with BN reported higher levels of
body dissatisfaction than individuals with AN.

In contrast to DSM-5 criteria for AN and BN, body image disturbance is not required
for a diagnosis of binge eating disorder (BED). However, considerable debate exists within
the field regarding the importance of body image in BED. Research so far has focused
largely the degree of concern with shape and weight that is present in individuals with
BED. These studies have found levels of shape and weight concerns comparable to those
observed in individuals with AN and BN, but higher than those of normal weight and
overweight controls without BED.

More recently, researchers have begun to examine overvaluation of shape and weight
in BED. This aspect of body image focuses more acutely on the excessive influence that
weight and shape may have on one’s overall self-judgments or definitions of self-worth,
and is required for a diagnosis of both AN and BN. Research suggests that a large subset
of patients with BED experience clinical levels of weight/shape overvaluation. Compared
to patients with subclinical levels of overvaluation, those with clinical overvaluation also
report greater eating pathology, general psychopathology, psychological concerns, and
interpersonal concerns. Moreover, patients with BED evidence higher average levels of
overvaluation than overweight individuals without BED. Treatment studies also sug-
gest the potential clinical importance of body image disturbance in BED, with increased
shape/weight concerns and overvaluation at intake predicting poorer treatment out-
comes. Based on accumulating evidence that overvaluation is a common and clinically
significant feature of BED, researchers have suggested that overvaluation be included as
a specifier or subtype in the diagnosis.

Body Image and Obesity

Given prominent and continuously reinforced societal ideals emphasizing thinness for
women and leanness for men, as well as pervasive weight-based bias and stigma associ-
ating excess weight with laziness, gluttony, and a lack of self-discipline, it is frequently
assumed that all individuals with obesity experience heightened body dissatisfaction.
However, research indicates that although obesity is associated with poor body image, a
substantial number of obese individuals do not report elevated body image disturbance.
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Unfortunately, obese individuals who do experience higher levels of body dissatisfaction
appear to be at increased risk for greater physical and psychosocial impairment.

Researchers have identified several risk factors for increased body image concerns
among obese individuals, including demographic variables such as gender and ethnic-
ity. Overweight women, who generally report greater weight-based discrimination than
overweight men, are also more likely to classify themselves as overweight and to report
greater body dissatisfaction than do overweight men. Ethnic group membership also
appears to impact body image among obese individuals. Although higher rates of obesity
are observed among black women compared with white women in the United States,
obese black women report less weight and appearance dissatisfaction than their obese
white peers. Such differences are likely due in part to variation in sociocultural ideals and
acceptance of larger figures among different ethnic groups.

Experience of weight-based bias and stigma appear to strengthen the association
between weight status and body image. Unfortunately, individuals with obesity (espe-
cially individuals with a BMI > 40) face frequent and varying forms of weight stigmati-
zation. Increased experiences of stigmatization are associated with poorer body image
and psychosocial functioning, even when researchers control for weight. As discussed
earlier in this chapter, the presence of BED also increases the likelihood of body image
concerns among obese individuals. Obese individuals with BED report greater weight/
shape dissatisfaction and lower appearance satisfaction than those without BED. Among
obese individuals with BED, more frequent binging is associated with a more negative
body image. Additional proposed risk factors for body image disturbance among indi-
viduals with elevated weight status include age of obesity onset and a history of weight
cycling.

Although weight loss alone appears to have a positive impact on body image among
obese individuals, these improvements are largely lost with subsequent weight gain.
Studies suggest that the addition of a body image component in weight loss treatment
does not substantially improve body image outcomes compared to weight loss treatment
alone. However, researchers applying stand-alone body image treatment to obese popula-
tions have demonstrated significant improvements in body image and binge eating in the
absence of significant weight loss.

Conclusions and Future Directions

Body image is a central feature of eating disorders, and body image disturbance has been
linked to the onset and maintenance of these disorders. Additionally, body image prob-
lems occur at increased rates among individuals who are obese, which may be explained
in part by experiences of pervasive societal weight-based bias. Management of both eat-
ing disorders and obesity should entail consideration of the assessment and treatment of
body image issues.

Future work in this area is needed to further our understanding of specific dimen-
sions of body image disturbances, especially for the relatively new BED. Prospective stud-
ies are also indicated, particularly in the area of weight-based bias and stigmatization to
illustrate whether early experience of such incidents predicts poor health and psychologi-
cal outcomes in the future. Future research should also consider how body image distur-
bances can best be addressed in individuals with eating disorders and obesity.
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Body Dysmorphic Disorder

KATHARINE A. PHILLIPS

Clinical Features
Core Diagnostic Features

Body dysmorphic disorder (BDD) is a common and often severe disorder in which indi-
viduals are preoccupied with one or more perceived defects or flaws in their appearance
that are not observable or that appear only slight to others. The fifth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-35) classifies BDD as an
obsessive—compulsive and related disorder, but BDD shares some features with eating
disorders, such as distorted body image and apparent abnormalities in processing visual
information.

BDD preoccupations may focus on any body area, most often the skin (e.g., per-
ceived scarring, acne, color), hair (e.g., excessive or insufficient head, facial, or body
hair), and nose (e.g., size or shape). In one study, 30% of individuals with BDD were
preoccupied with their weight, but only 4% reported weight as their primary concern,
and none reported it as their sole concern. Persons with BDD typically describe the dis-
liked body areas as “ugly” or “abnormal”; descriptions may range from “unattractive”
to “monstrous.” The appearance preoccupations occur, on average, for 3—8 hours a day.
They are intrusive, unwanted, distressing, and difficult to resist or control.

These preoccupations/obsessions trigger negative emotions such as depressed mood,
anxiety, distress, or shame. Emotions such as these, in turn, trigger excessive repetitive
behaviors that are intended to (but often do not) alleviate the emotional distress. Virtu-
ally all individuals with BDD perform one or more of these repetitive behaviors at some
point during the course of the disorder. The behaviors are performed, on average, for 3-8
hours a day; they are difficult to control and time-consuming. Common excessive behav-
iors include comparing with others, checking disliked body parts in reflecting surfaces
or directly, excessive grooming (e.g., styling, cutting, or shaving hair), skin picking (to
remove tiny blemishes), seeking reassurance or questioning others about the appearance
of the disliked body areas, seeking and/or receiving cosmetic procedures, body touching,
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excessive clothes changing (e.g., to more effectively camouflage disliked areas), compul-
sive shopping (e.g., for makeup or skin or hair products), dieting, excessive exercising
or weightlifting, compulsive tanning, and hair plucking/pulling. Most individuals with
BDD attempt to camouflage their perceived flaws (e.g., with their hair, sunglasses, a
hat, makeup, clothes, body position), which may be repetitive in nature (e.g., reapplying
makeup 20 times a day).

DSM-S5 requires that the appearance preoccupations cause clinically significant dis-
tress or impairment in social, occupational, or other important areas of functioning.
DSM-5 diagnostic criteria also state that if the person’s only appearance concerns involve
excessive body fat or weight, and diagnostic criteria for an eating disorder are met, then
the body fat/weight concerns should be diagnosed as an eating disorder rather than as
BDD. However, eating disorders and BDD (with concerns that focus on other body areas)
commonly co-occur.

DSM-5 added two new specifiers to the diagnostic criteria for BDD:

1. The muscle dysmorphia specifier identifies individuals (nearly always men) who
are preoccupied with the idea that their body build is too small or insufficiently muscular.
In reality, they appear normal or sometimes unusually muscular due to excessive weight
lifting or anabolic-androgenic steroid use. It appears that some, but not all, patients with
muscle dysmorphia have abnormal eating behavior (e.g., eating large amounts of food or
high-protein meals).

2. The insight specifier indicates level of insight regarding BDD beliefs (e.g., “I look
ugly”). Insight levels are (a) “with good or fair insight” (the person recognizes that his or
her belief about appearance is definitely or probably not true, or that it may or may not be
true); (b) “with poor insight” (the person thinks his or her BDD belief probably is true);
and (c) “with absent insight/delusional beliefs” (the person is completely convinced that
his or her BDD belief is true). Insight is usually poor or absent.

Associated Features

Common associated features include ideas or delusions of reference (the false belief
that others take special notice of him or her in a negative way because of how he or she
looks; e.g., they mock, talk about, or stare at him or her); high levels of social anxiety,
social avoidance, anxiety, and depression; low self-esteem; and embarrassment and
shame.

Course of Illness

BDD most often onsets in early adolescence; in two-thirds of individuals it onsets before
age 18. BDD usually appears to be chronic. However, a majority of patients improve with
evidence-based treatment (see below).

Psychosocial Functioning and Quality of Life

BDD is associated with markedly poor psychosocial functioning and quality of life. It is
common for those with BDD to drop out of school, be housebound, and be psychiatri-
cally hospitalized because of BDD symptom:s.
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Suicidality

Rates of suicidal ideation and suicide attempts are very high in youth and adults in both
clinical and epidemiological samples. Although the rate of completed suicide has been
only minimally studied, it appears markedly elevated.

Comorbidity

Major depressive disorder is the most common comorbid disorder; many patients attri-
bute their depressive symptoms to BDD-induced distress. Other commonly comorbid
disorders are substance use disorders, social anxiety disorder, obsessive—compulsive dis-
order (OCD), and eating disorders.

Gender, Youth, and Culture

BDD appears largely similar in females and males, although there are some differences,
including more frequent preoccupation with weight and eating disorder comorbidity in
women. BDD’s features appear largely similar in youth and adults, although youth appear
to have poorer BDD-related insight and a higher rate of suicide attempts. BDD charac-
teristics also appear largely similar across countries and cultures (although cross-cultural
comparison studies are lacking). Cultural preferences and values may shape symptom
content to some degree, however.

Epidemiology

Five nationwide epidemiological studies of adults have consistently found that BDD’s
point prevalence is about 2% (1.7-2.9%). In a study of high school students, current
BDD prevalence was 2.2%. BDD is far more common than this in clinical populations,
for example, in mental health, dermatology, cosmetic surgery, and orthodontia settings.
Compared to individuals without BDD, those with BDD are less likely to be married or
employed. BDD appears to be slightly more common in females than in males.

Etiology and Pathophysiology

While data on BDD’s etiology and pathophysiology are quite limited, the disorder likely
results from multiple genetic and environmental risk factors. BDD appears to be familial
and to have genetic overlap with OCD. BDD is associated with abnormal visual process-
ing, which consists of a bias for encoding and analyzing details of faces and nonfacial
objects, rather than use of holistic visual processing strategies (i.e., seeing “the big pic-
ture”). Preliminary data suggest abnormal early visual system functioning, which may
contribute to perceptual distortions, in both BDD and anorexia nervosa. Preliminary
data also suggest abnormalities in executive functioning in BDD. Small studies suggest
that BDD may be characterized by compromised white-matter fibers (reduced organiza-
tion) and inefficient connections—or poor integration of information—between differ-
ent brain areas, which is associated with poorer BDD-related insight. One study found
relative hyperactivity in the left orbitofrontal cortex and bilateral head of the caudate
when subjects viewed their own faces, possibly reflecting obsessional preoccupation; this
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activation pattern is also characteristic of OCD. Individuals with BDD appear to have
difficulty identifying emotional facial expressions and to have a bias toward interpreting
neutral faces and scenarios as threatening. BDD may also be associated with a history of
teasing and perceived childhood neglect and/or abuse.

Assessment and Differential Diagnosis

BDD usually goes undiagnosed. Many patients are reluctant to reveal their appearance
concerns because they are embarrassed, they fear being misunderstood or considered
vain, or they believe that their problem is physical rather than mental. Thus, to detect
BDD, clinicians must inquire directly about BDD symptoms, using questions such as the
following:

o Appearance preoccupations: “Are you very worried about your appearance in any
way?” or “Are you unhappy with how you look?”

o Repetitive behaviors: “Is there anything you feel an urge to do over and over again
in response to your appearance concerns?” Offer examples of repetitive behaviors.

o Clinically significant distress or impairment in functioning: “How much distress
do your appearance concerns cause you?”; “Do these concerns interfere with your
life in any way?”

Several measures, such as the Body Dysmorphic Disorder Questionnaire (BDDQ), are
available to screen for, diagnose, and assess the severity of BDD and BDD-related insight.

BDD must be differentiated from other disorders with which it is commonly con-
fused, such as OCD (diagnose BDD if obsessions focus on perceived appearance flaws)
and social anxiety disorder or agoraphobia (diagnose BDD if avoidance is due to appear-
ance concerns).

When compulsive skin picking or hair plucking/pulling is triggered by concerns
about perceived flaws of the skin or hair, BDD should be diagnosed rather than excoria-
tion (skin-picking) disorder or trichotillomania (hair-pulling disorder). BDD symptoms
that are characterized by absent insight/delusional beliefs are diagnosed as BDD rather
than a psychotic disorder.

Both BDD and eating disorders involve dissatisfaction with one’s appearance and
distorted body image; however, they differ in a number of ways, such as gender ratio,
body areas of concern, and treatment response. Several studies found greater impairment
in psychosocial functioning in BDD than in anorexia nervosa or bulimia nervosa. If
appearance concerns focus only on being too fat/overweight and qualify for an eating dis-
order diagnosis, then an eating disorder rather than BDD is diagnosed. However, when
eating disorders and BDD co-occur (with BDD typically focusing on skin, hair, or facial
features), both disorders should be diagnosed.

Treatment
Pharmacotherapy and Other Somatic Treatments

Serotonin reuptake inhibitors (SRIs; or selective SRIs [SSRIs]) are currently consid-
ered first-line medications for BDD. Two blinded controlled trials (with fluoxetine and
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clomipramine) and four rigorous open-label studies indicate that SRIs usually decrease
core BDD symptoms; intention-to-treat response rates are 53—83%. Depression, anxiety,
anger—hostility, psychosocial functioning, and quality of life also significantly improve.
SRIs may also protect against worsening of suicidality and decrease suicidal ideation in
people with BDD. Although data are limited, SRIs appear more efficacious than non-SRI
antidepressants or other types of psychotropic medication. An SRI, rather than antipsy-
chotic monotherapy, is recommended for patients with absent insight/delusional BDD
beliefs.

Effective SRI doses often appear to be substantially higher than those typically
needed for disorders such as depression (although rigorous dose-finding studies are lack-
ing). Patients may further improve when the maximum SRI dose recommended by the
manufacturer is exceeded (although this approach is not advised for citalopram or clomip-
ramine). The mean time to SRI response is 4-9 weeks, with occasional patients requiring
14 or even 16 weeks (while reaching a high enough dose) to improve substantially. Small
open-label trials suggest that the serotonin—norepinephrine reuptake inhibitor (SNRI)
venlafaxine and the antiepileptic levetiracetam may also improve BDD symptoms. Neu-
romodulation techniques and electroconvulsive therapy (ECT) have not been studied in
BDD.

Cognitive-Behavioral Therapy

Cognitive-behavioral therapy (CBT) is currently considered the psychotherapy of choice
for BDD. Only one study in a clinical setting has compared CBT to a treatment that
controlled for therapist time and attention (anxiety management); all other studies used
a waiting-list control. Four CBT studies and one metacognitive therapy study found that
CBT was more efficacious than the comparison treatment or waiting list.

CBT must be tailored to BDD’s unique symptoms; it is not advisable to use CBT for
another disorder, such as OCD. Because BDD can be difficult to treat, use of a published
treatment manual for BDD is recommended.

Recommended treatment includes laying essential groundwork (e.g., goal setting)
and building an individualized cognitive-behavioral model of the patient’s illness.
Because poor or absent insight is so common, motivational interviewing techniques
are often needed to engage and retain patients in treatment. Core treatment elements
include cognitive restructuring, exposure (e.g., to avoided social situations) combined
with behavioral experiments, and ritual (response) prevention (e.g., decreasing mir-
ror checking). Other recommended elements include mindfulness/perceptual retraining
with mirrors, cognitive approaches that target core beliefs (e.g., “I am worthless”),
habit reversal for BDD-related skin picking or hair pulling/plucking, a focus on more
severe depressive symptoms, and a desire for cosmetic treatment, if needed. Treatment
ends with relapse prevention; booster sessions should be provided, if necessary. Most
patients need at least 6 months of weekly, hourlong treatment, combined with daily
structured homework assignments. CBT skills should continue to be practiced after
treatment has ended.

Suicidal ideation must be carefully assessed and monitored, and hospitalization
should be considered when necessary. More highly suicidal patients should receive an SRI
and also be encouraged to participate in BDD-focused CBT. Incorporation of cognitive-
behavioral approaches for suicidality into treatment is also recommended for higher-risk
suicidal patients.
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Does Addressing Obesity Create Risk
for Eating Disorders?

KENDRIN R. SONNEVILLE
S. BRYN AUSTIN

First, Do No Harm

The fundamental ethical principle of nonmaleficence reminds clinicians, researchers, and
policymakers alike to consider the possible harm an intervention might do. Otherwise
stated as “first, do no harm,” nonmaleficence favors doing nothing over the risk of caus-
ing more harm than good. While the known health consequences of obesity compel us
to action, efforts to address obesity can cause unintended harm, despite our having the
best of intentions. Given the high prevalence and serious health consequences of eating
disorders, and the paucity of evidence that considers both the intended effects and unin-
tended consequences of strategies to address obesity, several pertinent ethical questions
warrant consideration:

1. Do strategies to address obesity create risk for eating disorders in individuals
with obesity?

2. Do strategies to address obesity create risk for eating disorders in individuals,
irrespective of obesity status?

3. Do strategies to address obesity exacerbate risk for individuals with eating disor-
ders or an eating disorder history?

The Intersection of Weight-Related Disorders

A large number of studies have demonstrated shared risk factors for disordered eating
behaviors and obesity. For example, dieting, body dissatisfaction, and weight-related
teasing are key risk factors for disordered eating behaviors and eating disorders that
are also associated with excess weight gain. Given the many shared risk factors, there
is much to be gained from using a combined approach that reduces risk for all. Primary
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prevention efforts to address obesity should be designed to protect against eating disor-
ders and should avoid messages that may increase body dissatisfaction, dieting, use of
unhealthy weight control practices, and weight stigma.

Co-occurrence of obesity and eating disorders is common. Data from 14 countries
participating in the World Health Organization’s World Mental Health Survey Initia-
tive found that approximately 40% of respondents with bulimia nervosa or binge eat-
ing disorder in the past year also had obesity. Similarly, in a study of adolescents from
Minnesota, about one-half of males and one-third of females who engaged in extreme
weight control behaviors and/or binge eating were also overweight/obese. A recent study
of adolescents conducted at a specialty eating disorder clinic found that more than one-
third of patients with restrictive eating disorders had a history of being at a weight that
would categorize them as either overweight or obese. These studies and a large body of
observational research support the notion that individuals with obesity are vulnerable to
disordered eating and eating disorders.

Recommendations

Health promotion strategies for obesity and eating disorders tend to be conducted sepa-
rately, and very little research has been done to ascertain whether obesity prevention and
treatment programs may be harmful in relation to eating disorders. Most studies that
evaluate the long-term impact of strategies to address obesity do not systematically mea-
sure and evaluate the impact of those strategies on eating disorders. As such, the impact
of obesity programs on eating disorders risk is not yet well understood. One review of 22
childhood obesity prevention programs found no evidence of unintended psychological
harm, but it also noted that assessments of eating pathology in these students was not
rigorously done. In the absence of best possible evidence, however, there is ample research
on eating disorder risk factors to guide the development of practice guidelines that can be
utilized across several obesity-related practice areas. Efforts to address obesity should be
designed to protect against body image issues and eating disorders, and should avoid the
following strategies, which may cause harm:

1. Promoting rigid or restrictive approaches to eating. Dieting is a known predictor
of the onset of disordered eating symptoms. While reducing caloric intake or shifting
energy balance is compulsory in obesity treatment, advice that is unduly restrictive is not
sustainable and may cause harm. Unhealthy dieting or use of unhealthy weight control
practices should be discouraged, and extreme language related to food or eating, or mor-
alization of food should be avoided.

2. Increasing body dissatisfaction. Body dissatisfaction does not motivate people to
lose weight or to maintain a healthy weight. In fact, young women with overweight/obe-
sity who are dissatisfied with their bodies are far more likely to start binge eating regu-
larly than those who are satisfied with their bodies. Avoid messages that may increase
body dissatisfaction.

3. Reinforcing weight-based stigma. Antiobesity campaigns that utilize stigmatizing
campaign messages may cause harm. Maladaptive eating behaviors are among the myr-
iad consequences of weight-based stigma. Individuals who are subject to weight-based
stigma are more likely to binge-eat, use unhealthy weight control practices, and cope
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with stigma by eating more food. Avoid stigmatizing language, images, or assumptions
that reinforce weight-based stigma.

4. Focusing narrowly on weight/body mass index (BMI). Weight is not a behavior;
therefore, it is not an appropriate target for behavior modification. Emphasize health
rather than weight, and target specific modifiable behaviors (e.g., family meals or TV
viewing) rather than focusing on changing weight.

Recommendations to avoid strategies that promote rigid dieting, increase body dis-
satisfaction, reinforce weight-based stigma, or focus solely on weight can be applied to a
range of obesity strategies and across practice settings.

Clinical Settings

Weight-based bias among health care professionals, including those who specialize in
obesity, is well documented. Critical to averting the onset of eating disorders in indi-
viduals with obesity is avoiding weight-based stigma in a clinical encounter. The Rudd
Center for Food Policy and Obesity has developed materials and guidelines for preventing
weight-based bias in clinical practice. Best-practice recommendations include creating an
accessible and comfortable office environment, using equipment (e.g., scales, blood pres-
sure cuffs) that can accurately assess patients with obesity, and using neutral terms such
as weight and BMI rather than obesity or fat. In addition, providers should evaluate their
own assumptions and biases about weight and explore all causes of the patient’s present-
ing problems, not just weight. While acknowledging the difficulty of making lifestyle
changes and providing support, providers should emphasize behavior changes rather than
focusing only on weight and avoid recommending extreme approaches to weight control.

Schools

Schools play a critical role in promoting the health of young people and, as such, are
important stakeholders in addressing obesity. Schools provide education about nutri-
tion and health, and are a major provider of meals to students. Furthermore, the school
environment reinforces eating- and activity-related norms. Health promotion activities
should focus on improving children’s health and habits rather than reducing their weight.
In addition, schools should rely on evidence-based approaches (e.g., Planet Health, a
curriculum shown to reduce both obesity prevalence and eating disorder risk among
middle school girls) rather than ad hoc activities such as teaching calorie counting in
health classes or holding schoolwide “biggest loser” weight loss competitions. To prevent
unintended negative consequences of health promotion activities, schools should treat
weight-based bullying seriously and on par with other types of bullying.

Screening

Notifying youth with overweight or obesity of their elevated weight status is routinely
done as part of clinical and school-based BMI screening. Several states require school-
based BMI screening with parental notification (“BMI report cards”) and the U.S. Pre-
ventive Services Task Force and the American Academy of Pediatrics recommend that
clinicians screen children ages 6 years and older for obesity. Research evaluating the
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effectiveness of school-based and clinical BMI screening is lacking, and several ethical
concerns of school-based screening have been raised. BMI is a measure of weight and not
a direct measure of health. While BMI is highly correlated with adiposity at a popula-
tion level, false positives and false negatives are expected when using BMI for individ-
ual screening. BMI screening could overemphasize weight as an indicator of health and
worsen weight stigma, especially in school settings, where appropriate clinical counseling
is not likely to be available and unstandardized weighing practices (e.g., use of untrained
parent volunteers, lack of privacy during weighing) may be used.

Social Marketing

Drawing on the same research and planning principles used by commercial marketers,
the public health community utilizes social marketing to promote behavior change and
improve population health. Social marketing campaigns, which must grab the attention
of their intended audience, often use shocking or controversial messages. Unfortunately,
obesity campaigns that have generated public attention by shaming or stigmatizing peo-
ple with obesity are all too common. For example, a childhood obesity campaign in the
state of Georgia, which included a series of billboards, print ads, television ads, and social
media featuring overweight children, talked about the negative social and health conse-
quences of obesity. The program was criticized for reinforcing messages of body shame,
normalizing bullying, and excluding overweight children, which can be unintended con-
sequences of programs that are designed to increase awareness. Another public health
campaign that targeted teens in Boston, Massachusetts, featured teens getting hit in the
face by “blobs of fat” after drinking a soda, along with the tag line: “Don’t get smacked
by fat.” This campaign, designed to reduce intake of sugar-sweetened beverages, inad-
vertently reinforced antifat messages while also sending an extreme message about diet
that vilified sugar-sweetened beverages. Antiobesity campaigns that utilize stigmatizing
campaign messages may cause harm and should be avoided. The Rudd Center discour-
ages obesity campaigns that show headless images, use pejorative language, blame the
individual, or communicate weight-biased stereotypes. Instead, campaigns should use
respectful and full-person portrayals, and suggest specific actions when promoting health
behaviors. The Rudd Center Media Gallery is a public resource for nonstigmatizing por-
trayals of individuals with obesity.

Workplace

Workplace wellness programs have become increasingly prevalent over the past two
decades, and reduction in overweight is one of the most common targets in these initia-
tives. While, in theory, wellness programs might be a welcome addition to the workplace
given the importance of environmental influences on health, in practice, these programs
have fallen short of expectations. Many employers develop their own ad hoc programs or
purchase the services of outside vendors, but these programs are rarely evidence based.
Reviews of workplace overweight prevention and reduction programs in North America
and Europe have found very modest to no sustained beneficial effects on weight, particu-
larly when considering results from rigorously designed randomized controlled trials. In
the U.S. market, the Department of Labor recently issued a comprehensive report indicat-
ing that these programs do not achieve health benefits for workers and do not even garner
cost savings for employers. In addition, collection of biometric data such as BMI, as done
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in many workplace wellness programs, has led to federal lawsuits against companies
suspected of using employees’ data in discriminatory ways. Health promotion practitio-
ners developing workplace wellness programs to address overweight have a professional
responsibility to use strategies that are well documented in the scientific literature to
be effective, and to ensure they are administered in ways that are not stigmatizing or
discriminatory toward people with obesity, eating disorders, or other health conditions.

Conclusions

Clinicians, researchers, educators/schools, policymakers, activists, and other stakehold-
ers engaged in strategies to address obesity should err on the side of doing no harm.
Strategies to address obesity should be evidence based and avoid promoting rigid dieting,
increasing body dissatisfaction, reinforcing weight-based stigma, or focusing solely on
weight. Moving forward, all strategies to address obesity should be evaluated for both
intended effects and unintended consequences to establish an evidence base of strategies
that reduce obesity without increasing risk of eating disorders.
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The History of Eating Disorders

RICHARD A. GORDON

Ithough it is commonly assumed that most eating disorders are distinctly mod-
ern diseases, there is little question that phenomena similar to eating disorders have a
long history. The explanation of this apparent contradiction has much to do with the
framework through which eating disorders are interpreted. Whereas self-imposed fast-
ing was typically described in spiritual terms in medieval times, and binge eating was
described moralistically as demonic, or medically as being due to a gastrointenstinal
disturbance, medical and psychiatric interpretations have been the leading paradigms
(for the most part) since the late 19th century. And since the middle of the 20th century,
a powerful new dimension has been associated with eating disorders: a preoccupation
with body image, a “drive for thinness,” and a fear of obesity. In this chapter we focus
on the historical development of the modern conceptions of eating disorders, particularly
as psychiatric diagnoses.

Anorexia Nervosa

Wherever there has been fasting, it would seem, abuse of the practice by some seems
almost inevitable. This fact alone would suggest that anorexia nervosa (AN) must be his-
torically and culturally pervasive. However, the first life stories for which there is enough
detail to argue the presence of AN are those of the fasting female saints in late medieval
Europe. The gender pattern, as well as the developmental and familial context, of these
women have been the origin of detailed accounts of such “holy anorexia.” Nevertheless,
skepticism arose because of the radically different spiritual motivation of the saints, in
contrast to the secular body image concerns of contemporary patients. Self-imposed star-
vation was also exhibited by the “miraculous maidens” of the 18th and 19th centuries,
whose behavior often attracted much public and official attention.

AN received its first medical description in two brief but highly suggestive case
histories by English physician Richard Morton, buried in his massive Treatise on Con-
sumption, published in 1692. And whereas there were sporadic medical references to
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self-starvation for the next two centuries, the first formal descriptions of AN did not
appear until 1873, in the writings of British physician Sir William Gull and French neu-
rologist Charles Laségue. Gull, who gave the syndrome its modern name, recognized the
essentially psychiatric nature of food refusal, and gave special emphasis to behavioral
characteristics such as excessive activity. Laségue, who discovered the disease indepen-
dently in Paris, wrote about many of the behavioral and attitudinal characteristics that
are easily recognizable today and offered telling descriptions of the interactions of the
sufferer with her family.

Was there a “first great wave” of AN, as historian Edward Shorter has suggested?
The disease was also identified in the late 19th century in Italy, Russia, and Germany.
Psychiatrists Dejerine and Gauckler, in a book published in 1911, suggested that the
many kinds of anorexia were common. In light of their speculation, it is of great interest
that references to AN radically declined from about 1915 to the early 1930s. The most
likely reason for this was the identification in 1915 of an endocrine disease, Simmonds’
pituitary cachexia, which undoubtedly led to the misdiagnosis of many cases of AN for
about 15-20 years. By the 1930s, though, a number of observers, for example, Ryle in
England and Sheldon in the United States, became acutely aware of the differences in the
two illnesses and the distinctness of AN.

AN continued to be interest in the 1940s and 1950s in the United States, the United
Kingdom, France, and Germany, and, as one observer put it, the literature was volumi-
nous but repetitive. The illness was described in detail, and there were interesting sugges-
tions about refeeding, but there were virtually no advances in understanding the etiology.
This was also the heyday of psychoanalytic therapists, a small number of whom devel-
oped an influential but long-since-discarded theory of the disease that equated a fear of
eating with anxiety about oral impregnation. The idea that physical factors, especially
endocrine factors, were somehow intimately involved with the illness led to a temporary
subsuming of AN under the broad category of “psychosomatic illness,” a framework that
became popular in both American and continental psychiatry in the 1940s and 1950s.

A key period in the emergence of modern concepts of AN was the 1960s and 1970s,
an era during which incidence of the disorder appeared to have increased. Central to this
period was the work of Hilde Bruch in the United States, whose concept of primary AN,
in which an all-consuming drive for thinness was the central feature, exerted enormous
subsequent influence. Bruch’s work was paralleled and even anticipated by that of Italian
psychiatrist Mara Selvini Palazzoli, whose book on self-starvation strongly emphasized
developmental, familial, and cultural factors, such as the changing pressures on women
following World War II. During the same two decades, psychiatrists Arthur Crisp and
Gerald Russell led inpatient units in London, dedicated to the treatment of AN, and both
formulated conceptions of the disorder in which the drive for thinness and the fear of
fatness played a central role.

The modern concept of AN, then, revolves around the diagnostic centrality of the
drive for thinness and associated anxiety about and distortions of body image, which
have been central in the diagnosis of AN in many editions of the Diagnostic and Sta-
tistical Manual of Mental Disorders, from DSM-III (published in 1980) up to DSM-5
(published in 2013). It has been proposed by Habermas that body image and weight con-
sciousness were always present in AN, beginning with the writings of Gull and Lasegue,
but were overlooked or not well formulated by the early observers. This notion is contro-
versial among historians of the disease, but it does offer an interesting formulation of why
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the disorder appeared rather suddenly in the late 19th century, after the appearance of the
concern with obesity and the concept of dieting emerged in the middle of that century.

Bulimia Nervosa

Bulimia nervosa (BN), especially the terminology of the diagnosis, has a rather complex
and somewhat confusing history. The term bulimia has ancient roots in the Greek word
boulimia, derived from a combination of the words for “ox” (bous) and “hunger” (limos).
Ziolko, a German psychiatrist, documented elaborate references to the term beginning in
ancient times, including its appearance in American and French medical dictionaries in
the 19th century. Ziolko argued that these data suggest that what we call BN is hardly
new, and that the modern disorder represents an ancient pattern dressed in modern cloth-
ing. This argument is questionable, if only because the vast majority of instances reported
by Ziolko are instance of binge eating not accompanied by compensatory purging in
order to control body weight. The issue is made even more confusing by the fact that the
first appearance of the modern diagnosis of BN in DSM-IIT in 1980 was really a diagnosis
of binge eating disorder (see below) rather than BN. The latter did not appear until the
publication of DSM-III-R in 1987.

Bulimic behavior was first noticed, beginning in the 1940s, in a number of case
reports among anorectic patients, but the syndrome that we now call BN in normal-
weight individuals was first described in the early 1960s by French psychiatrists, who
reported a number of cases of binge eating followed by purging in a series of 15 women
who had used diet pills. Ziolko also made note of a syndrome of binge eating and purg-
ing in the 1960s, which he dubbed “hyperorexia nervosa.” By 1976, Ziolko had reported
seeing over 70 such cases. In the 1970s, psychologist Marlene Boskind-White described a
large number of women who secretly binged and purged at Cornell University in Ithaca,
New York. Noting the similarity of these womens’ concerns with those who had AN
(particularly their drive for achievement coupled with their preoccupation with thinness),
she dubbed the syndrome “bulimarexia.” Credit for the modern diagnostic term of BN
goes to English psychiatrist Gerald Russell, who also noted an increasing number of cases
in the 1970s and published a definitive article that gave the syndrome its modern name
in 1979. Like Boskind-White, he thought the pattern was closely akin to AN, but unlike
Boskind-White, he felt that the prognosis for BN was far worse than that of AN (hence,
the subtitle of his article: “An Ominous Variant of AN”). In light of later developments
that showed BN to be relatively responsive to treatment, especially when compared with
AN, Russell later retracted the “ominous variant” characterization.

BN began to be characterized as a “hidden epidemic” in the early 1980s after inqui-
ries by Craig Johnson in the United States and Christopher Fairburn in England yielded
responses from thousands of sufferers who had kept their disorder hidden for a number
of years. Perhaps as a result of this and a sense of the urgent need for treatments, research
on BN surged in the 1980s.

An important development in the 1980s was the design of effective treatments for
the disorder. In a series of studies, Fairburn and colleagues showed that a model of cog-
nitive-behavioral therapy that emphasized self-monitoring, the normalization of eating,
and cognitive restructuring of body image distortions was significantly more effective
than behavioral treatments that attempted to directly eliminate bingeing and purging
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activities. An unexpected by-product of Fairburn’s work was that interpersonal therapy,
which was originally used as a control, was of comparable effectiveness to CBT. Another
direction in treatment was undertaken by investigators at Harvard and Columbia, who
showed that antidepressants (at that time, the tricyclics and monoamine oxidase inhibi-
tors [MAOIs]) were significantly effective in the treatment of BN.

Recent demographic trends in BN suggest that it is emerging at a somewhat younger
age, and that its overall prevalence may have declined somewhat. This is possibly a reflec-
tion of the overestimation of the prevalence of the disorder in earlier studies that did not
employ the more rigorous frequency requirements that became incorporated into diag-
nostic criteria in 1987.

Binge Eating Disorder

As noted earlier, historical reviews have suggested that binge eating disorder (BED) may
have an even more extensive ancient history than AN and BN. A remarkable fact about
the modern history of eating disorders is that by far the most common eating disorder
(BED) was the one to be identified last in the modern diagnostic system. Possible expla-
nations for this anomaly are the drama (and potential lethality) of self-starvation in a
relatively affluent population, the visibility and fascination with self-induced vomiting
symptoms in college populations in the 1980s, and the reluctance to associate a psychi-
atric disorder with obesity that permeated psychiatric thought in the 1970s and 1980s.

Albert J. Stunkard, a key figure in the discovery of binge eating problems, expressed
amazement at this sequence of events. Stunkard himself had introduced the term binge
in 1959 (it, in turn, had been suggested to him by a patient), and had been instrumental
in formulating the criteria for what was called bulimia in DSM-III in 1980. He noted, in
retrospect, that these were really criteria for what 14 years later became binge eating dis-
order. Somehow, the focus on binge eating and purging in middle- and upper-class college
students led to a radical transformation of “bulimia” to “BN” in DSM-III-R, while BED,
with its lack of compensatory behavior, at least temporarily was ignored.

In the early 1990s, however, led by Robert Spitzer, the architect of the 1980 DSM-
III, a group that included Stunkard proposed the inclusion of a separate diagnosis for
BED in DSM-IV (published in 1994). Validation research for the diagnosis included rela-
tively large numbers of people currently in weight control programs, a nonpatient com-
munity sample, and a small group of patients with BN. The principal findings were that
BED was more common among the subjects in weight control programs, and that it was
more common than BN in the general population. Both of these findings held up in later
studies (a recent Australian study found BED to be at least five times as common AN or
BN). A significant percentage of subjects with BED are overweight and have a history of
chronic dieting. Yet, unlike BN, for most with BED, the binge eating historically precedes
dieting, rather than the opposite sequence.

DSM-1V included BED as a provisional diagnosis, a category that indicated it was in
need of further study, but it became a diagnosis in its own right in DSM-5. Research since
1994 has corroborated the fact that BED is significantly more prevalent than AN or BN,
that it manifests more frequently in older populations than the other two eating disor-
ders, that it is more equally prevalent among men and women, and that it does not show
the differential prevalence between European American and African American groups
that seems evident in AN and BN.
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Studies have shown that BED may be modified by both cognitive-behavioral and
pharmacological treatments, although much needs to be learned about these interven-
tions and how to improve them. BED may be particularly influenced by both nutritional
and psychological and emotional triggers. It may well be, as David Kessler has suggested,
that BED has become elevated in modern culture due to the omnipresence of particular
types of appealing, calorie-rich, commercially prepared foods. We have much to learn
about the interaction of possibly “addicting” foods with the cognitive and emotional
antecedents of BED.
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Classification of Eating Disorders

B. TIMOTHY WALSH

critical question to address before considering how eating disorders should
be classified is, “What is the definition of an eating disorder?” It was suggested in the
first edition of this book that the fundamental characteristic of an eating disorder is a
persistent disturbance of eating or eating-related bebhavior that results in the altered
consumption or absorption of food and that significantly impairs physical health or
psychosocial function. This definition continues to comport well with the leading official
diagnostic systems, the Diagnostic and Statistical Manual of Mental Disorders (DSM)
of the American Psychiatric Association and the International Classification of Diseases
(ICD) of the World Health Organization.

However, the number of formally recognized eating disorders has increased in recent
years, and the category has been further expanded by encompassing problems previously
considered “feeding disorders” confined largely to childhood. These changes were incor-
porated in DSM-3, published in 2013, and will likely also be included to a large degree in
ICD-11, currently planned for publication in 2018. The conceptualizations and descrip-
tions of the “classic” eating disorders, anorexia nervosa and bulimia nervosa, are largely
unchanged. Binge eating disorder, relegated to an appendix in DSM-1V, is officially rec-
ognized in DSM-5. In DSM-1V, three diagnostic categories were described in a section
entitled “Feeding and Eating Disorders of Infancy or Early Childhood”: pica, rumination
disorder, and feeding disorder of infancy or early childhood. In DSM-S3, the last category
was expanded and renamed avoidant/restrictive food intake disorder (ARFID), and these
three disorders were included in the retitled DSM-5 chapter, “Feeding and Eating Disor-
ders.”

Anorexia Nervosa

The core characteristics of anorexia nervosa (AN) have not changed since the syndrome
received its name over a century ago: relentless restriction of calorie intake in the suc-
cessful pursuit of a substantially reduced body weight, accompanied by a minimization
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of the resulting psychological and physical impairment and by a distorted assessment of
body shape and weight. The successive DSM and ICD editions have attempted to capture
these characteristics in concise and interpretable criteria. Current DSM-5 criteria (Table
26.1) require that the individual’s weight be “significantly low” but, unlike DSM-1V,
which included the somewhat confusing example of “less than 85% of that expected,”
no specific weight is mentioned in the criteria. However, the accompanying DSM-5 text
describes several guidelines to aid clinicians’ judgment, such as the fact that a body mass
index (BMI) of 18.5 kg/m? is frequently employed as the lower limit of normal for adults.

Two significant changes incorporated into DSM-5 criteria were made with the goal
of making the definition slightly less restrictive. First, the DSM-IV criterion requiring
amenorrhea was eliminated; however, the DSM-5 text emphasizes that serious medical
complications such as amenorrhea are associated with AN, and that their presence sup-
ports the diagnosis. Second, Criterion B, requiring evidence of fear of gaining weight,
now permits the clinician to judge this criterion to be satisfied on the basis of behavior
to avoid weight gain, even if the individual does not explicitly acknowledge being afraid
of gaining weight.

As have prior editions, DSM-5 suggests that individuals with AN be classified as
having either the restricting or the binge eating/purging type at the time of their assess-
ment. This distinction is clinically useful, since those with the binge eating/purging type
are more likely to engage in other impulsive behaviors, such as drug abuse and suicide
attempts. However, these subtypes are not fixed over time; at the time of onset, most
individuals with AN are classified as having the restricting type, but, over time, about
one-half meet criteria for the binge eating/purging type.

A new feature introduced in DSM-5 is severity ratings. DSM-5 suggests that the
minimum level of severity of AN be based on the BMI, or, for children and adolescents
who are still growing, on the BMI percentile. The level of severity may be increased to
reflect other clinical features, such as the level of functional impairment or physical com-
plications. Although of great potential utility for both clinicians and researchers, these
metrics have not yet been extensively studied.

Bulimia Nervosa

The core features required for the diagnosis of bulimia nervosa (BN), a syndrome first
clearly described by Gerald Russell in 1979, have changed little since that time. The key
characteristics are repeated episodes of binge eating (the consumption of an unusually
large amount of food in a brief period of time accompanied by a sense of loss of control)
and repeated episodes of inappropriate behavior, most commonly self-induced vomiting
to avoid weight gain. These behavioral characteristics are accompanied by an overcon-
cern regarding shape and weight similar to that in AN. The sole modification introduced
in DSM-5 (Table 26.2) is the reduction in the required minimum average frequency of
binge eating and of inappropriate compensatory behaviors from twice weekly to once
weekly. And, as in the case of AN, a severity rating scheme has been introduced in DSM-
5, based primarily on the frequency of episodes of inappropriate compensatory behavior.

It is important to note that, although frequent binge eating and purging occur among
a substantial subset of individuals with AN, by DSM-5 guidelines, they are not assigned
the diagnosis of BN, but of AN, binge eating/purging type. This nosological distinction
reflects the fact that the course, outcome, complications, and treatment responses of such
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TABLE 26.1. DSM-5 Criteria for AN

A. Restriction of energy intake relative to requirements leading to a significantly low body
weight in the context of age, sex, developmental trajectory, and physical health. Significantly
low weight is defined as a weight that is less than minimally normal, or, for children and
adolescents, less than that minimally expected.

B. Intense fear of gaining weight or becoming fat, or persistent behavior that interferes with
weight gain, even though at a significantly low weight.

C. Disturbance in the way in which one’s body weight or shape is experienced, undue influence
of body shape or weight on self-evaluation, or persistent lack of recognition of the seriousness
of current low body weight.

Note. Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(Copyright © 2013), American Psychiatric Association.

individuals have much more in common with those of individuals with the restricting
type of AN than those of individuals with BN.

Binge Eating Disorder

The syndrome now known as binge eating disorder (BED), described by Stunkard in
1959, did not receive significant attention until the process of developing DSM-IV was
under way. Led by Robert Spitzer, a group of investigators proposed the name and a
set of diagnostic criteria, and suggested that BED be officially recognized in DSM-IV.
However, the limited data available concerning the characteristics of the disorder at that
time led to its inclusion only in an appendix of DSM-IV. The almost 20 years between
the publication of DSM-IV and DSM-5 witnessed a surge of interest in BED, presumably
triggered by the availability of the criteria in DSM-IV and growing clinical recognition
of the problem. The data accumulated since the publication of DSM-IV provided the

TABLE 26.2. DSM-5 Criteria for BN

A. Recurrent episodes of binge eating. An episode of binge eating is characterized by both of the
following:

1. Eating, in a discrete period of time (e.g., within any 2-hour period), an amount of food
that is definitely larger than what most individuals would eat in a similar period of time
under similar circumstances.

2. A sense of lack of control over eating during the episode (e.g., a feeling that one cannot
stop eating or control what or how much one is eating).

B. Recurrent inappropriate compensatory behaviors in order to prevent weight gain, such as self-
induced vomiting; misuse of laxatives, diuretics, or other medications; fasting; or excessive
exercise.

C. The binge eating and inappropriate compensatory behaviors both occur, on average, at least
once a week for 3 months.

D. Self-evaluation is unduly influenced by body shape and weight.
E. The disturbance does not occur exclusively during episodes of anorexia nervosa.

Note. Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(Copyright © 2013), American Psychiatric Association.
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foundation for the decision to formally recognize BED in DSM-5 (Table 26.3), with only
minimal changes to the criteria provided in DSM-IV.

The hallmark of BED is a pattern of binge eating, defined as in BN, but without
the inappropriate compensatory behaviors that characterize the latter disorder. Because
it can be difficult to distinguish binge eating from “normal” overeating in the absence
of clearly abnormal behaviors such as self-induced vomiting, Criteria B and C require
that the individual endorse indicators of loss of control, such as eating alone because of
embarrassment, and intense distress over the binge eating.

Individuals with BED are generally overweight or obese but report more symptoms
of anxiety and depression than otherwise similar peers. There are indications that treat-
ments aimed at weight reduction should be tailored to fit the needs of individuals with
the disorder and that BED may be associated with increased risk of further weight gain.

Avoidant/Restrictive Food Intake Disorder

The redefinition and expansion of the DSM-IV category feeding disorder of infancy or
early childhood into avoidant/restrictive food intake disorder (ARFID) were among the
major changes introduced in the DSM-5 section “Feeding and Eating Disorders” (Table
26.4). The DSM-IV disorder had been introduced to capture presentations of children
whose nutrition was inadequate because of feeding problems thought to be related to
impaired interactions with primary caregivers. The category received little research atten-
tion or clinical use, so that, when DSM-5 was under development, there was little pub-
lished information about the disorder. In addition, it had become clear that other pre-
sentations characterized by significantly reduced food intake were not captured within
DSM-IV. The criteria for ARFID were developed to encompass not only presentations

TABLE 26.3. DSM-5 Criteria for BED

A. Recurrent episodes of binge eating. An episode of binge eating is characterized by both of the
following;:

1. Eating, in a discrete period of time (e.g., within any 2-hour period), an amount of food
that is definitely larger than what most individuals would eat in a similar period of time
under similar circumstances.

2. A sense of lack of control over eating during the episode (e.g., a feeling that one cannot
stop eating or control what or how much one is eating).

B. The binge-eating episodes are associated with three (or more) of the following:
1. Eating much more rapidly than normal.
2. Eating until feeling uncomfortably full.
3. Eating large amounts of food when not feeling physically hungry.
4. Eating alone because of being embarrassed by how much one is eating.
5. Feeling disgusted with oneself, depressed, or very guilty after overeating.

C. Marked distress regarding binge eating is present.
D. The binge eating occurs, on average, at least once a week for 3 months.

E. The binge eating is not associated with the recurrent use of inappropriate compensatory
behavior as in bulimia nervosa and does not occur exclusively during the course of bulimia
nervosa or anorexia nervosa.

Note. Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(Copyright © 2013), American Psychiatric Association.
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TABLE 26.4. DSM-5 Criteria for ARFID

A. Eating or feeding disturbance (e.g., apparent lack of interest in eating or food; avoidance
based on the sensory characteristics of food; concern about aversive consequences of eating)
as manifested by persistent failure to meet appropriate nutritional and/or energy needs
leading to one or more of the following:

1. Significant weight loss (or failure to gain weight or faltering growth in children).
2. Significant nutritional deficiency.

3. Dependence on enteral feeding or oral nutritional supplements.

4. Marked interference with psychosocial functioning.

B. The disturbance is not better explained by lack of available food or an associated culturally
sanctioned practice.

C. The eating disturbance does not occur exclusively during the course of Anorexia Nervosa or
Bulimia Nervosa, and there is no evidence of a disturbance in the way in which one’s body
weight or shape is experienced.

D. The eating disorder is not attributable to a concurrent medical condition or not better
explained by another mental disorder. If the eating disturbance occurs in the context of
another condition or disorder, the severity of the eating disturbance exceeds that routinely
associated with the condition or disorder and warrants additional clinical attention.

Note. Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(Copyright © 2013), American Psychiatric Association.

meeting the criteria for feeding disorder of infancy or early childhood but also presenta-
tions with other characteristics, such as food avoidance related to sensory properties (e.g.,
refusal to eat foods with “lumps”). Although only limited data are currently available
regarding the characteristics of individuals with ARFID, the DSM-5 criteria appear to
capture the symptoms of a number of young individuals presenting to specialists in ado-
lescent medicine and nutrition.

As with many disorders, the dividing line between ARFID and normality is not a
sharp one. Many individuals, both children and adults, have idiosyncratic patterns of
food choice and restrict their food intake for a variety of reasons, but they do not develop
clinically significant problems; “picky eating” is not synonymous with ARFID. A critical
judgment required in making a diagnosis of ARFID is that the resultant nutritional or
psychosocial problems are substantial and require attention.

Pica and Rumination Disorders

Pica refers to the repeated ingestion of nonfood substances, such as dirt, and rumina-
tion to the repeated regurgitation of food that has been swallowed. Both disorders were
described in DSM-IV in the section “Feeding and Eating Disorders of Infancy or Early
Childhood.” For DSM-3, the criteria were slightly revised for clarification and to recog-
nize that the disorders can occur throughout the life cycle.

Other Eating Disorders

Although the disorders recognized by DSM-5 appear to describe a larger fraction of indi-
viduals presenting for treatment than did DSM-IV, a significant number of individuals
with an eating disorder do not fulfill the criteria for any of the disorders formally defined
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in DSM-5. In an attempt to provide useful labels for some of these problems, DSM-5
includes a section on other specified feeding and eating disorders, with very brief descrip-
tions of five presentations, such as purging disorder (purging to control shape or weight
in the absence of binge eating). DSM-5 also includes the category unspecified feeding or
eating disorder, for use if the clinician is unable to assess the specific features of the eat-
ing disorder.

Unresolved Issues

There is convincing evidence that the current, officially recognized feeding and eating
disorders have clinical utility: These definitions provide clinicians with a nomenclature
that conveys important information on the course and outcome of the disorders, and
facilitates efficient and reliable communication for both clinical use and research. How-
ever, there are a number of significant problems.

A widely recognized nosological problem is that the DSM and ICD systems are cat-
egorical, whereas the phenomena they describe are, for the most part, continuous. There-
fore, although the specific requirements to satisfy criteria, such as binge eating at least
once weekly for 3 months, are reasonable, they are also arbitrary. A related problem is
that, by design, the disorders are narrowly defined to yield very homogeneous groups,
and do not provide a clear method of combining similar problems under broader rubrics.
For example, both AN and ARFID are distinct disorders but with a similar core behav-
ioral problem, the restriction of food intake; similarly, both BN and BED are character-
ized by binge eating.

Even more broadly, a large fraction of individuals with a feeding or eating disorder
experience clinically significant problems with anxiety and depression, and meet diag-
nostic criteria for another mental disorder. The significance of such common comorbidity
is unclear, and its existence is a source of confusion to patients, clinicians, and investiga-
tors. I hope that future research will address this and other problems surrounding how
best to describe and classify human eating disorders.
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Anorexia Nervosa

EVELYN ATTIA

norexia nervosa (AN) is an eating disorder characterized by a relentless pur-
suit of thinness and a fear of gaining weight despite the presence of a significantly low
body weight. AN, a serious psychiatric disorder, is associated with high rates of medical
and psychiatric morbidity and a mortality rate as high as that associated with any psy-
chiatric illness. AN is a persistent illness, first described in the medical literature in the
17th century, with very little change in its clinical presentation throughout the centuries
that have followed. Despite its long history, AN remains a challenge to treat because its
core behaviors often become entrenched and are difficult to reverse, especially for adult
patients who have been ill for longer periods of time.

Historical Background

AN was first described in the medical literature in 1689 by Richard Morton, who
described cases of extreme fasting and reported loss of appetite without evidence of an
underlying physical cause. It is surmised that the medieval saints who refused food in
order to achieve spiritual purity may have been earlier examples of individuals affected
by the same illness. AN received its current name from Sir William Gull, one of Queen
Victoria’s physicians, who coined the term in the late 19th century in his report of a small
case series of women with the disorder. AN was first included, and distinguished from
bulimia, in the third edition of the American Psychiatric Association’s Diagnostic and
Statistical Manual of Mental Disorders (DSM-III), published in 1980.

Diagnosis and Clinical Features

The diagnosis of AN requires the presence of a significantly low weight in the context
of an individual’s age, sex, developmental trajectory, and/or physical health, achieved
and maintained by restricting food intake relative to requirements. The illness generally
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includes an acknowledged fear of gaining weight or becoming fat, or persistent behaviors
that interfere with weight gain. Individuals with AN demonstrate overconcern with body
shape or weight, a disturbance in the way they experience their actual body weight or
shape, or a lack of recognition of the seriousness of their low body weight. There are two
subtypes of AN. The restricting type describes individuals who have not engaged in binge
eating or purging behaviors in the last 3 months and whose low weight results solely from
restricted food intake and/or exercise. The binge eating—purging type of AN describes
those who, during the prior 3 months, have engaged in recurrent episodes of binge eating
or purging behavior (e.g., self-induced vomiting, misuse of laxatives or diuretics).

Some individuals do not report fear of fat or of weight gain, likely resulting from
their reluctance to describe the thinking associated with their disordered eating. It is
also possible that, in different cultures, the rationale for food refusal is not expressed as
a concern about weight gain. The inclusion of persistent behaviors to avoid weight gain
in the diagnostic criterion for AN regarding fear of weight gain permits the inclusion of
individuals who meet all other criteria for the illness but verbally deny fear of becoming
fat as their motivation for the eating disturbance to receive the diagnosis of AN.

DSM-5 does not provide a specific definition of significantly low weight. However,
body mass index (BMI; calculated as weight in kilograms/height in meters?) is a useful
measure in weight assessment. The World Health Organization (WHO) has suggested a
BMI of 18.5 kg/m? as the lower limit of a normal weight for adults, while most individu-
als with AN weigh much less. In certain instances, an adult with a BMI at or above 18.5
kg/m? might be considered underweight if clinical factors or physiological disturbances
support this conclusion. For children or adolescents, it is useful to calculate a BMI-for-
age percentile, and to use an individual’s growth trajectory in determining whether the
current weight is low or less than expected.

AN is associated with a multitude of physical and psychological signs and symptoms,
most of which result from the low-weight state that is the core feature of this illness. AN
can affect every organ system, and physical signs may include changes to vital signs (e.g.,
bradycardia, hypothermia) and other physical features (e.g., thinning hair, lanugo), labo-
ratory assessments (e.g., leukopenia, anemia, electrolyte disturbances, hepatic transa-
minitis), and physiological functioning (e.g., amenorrhea, osteoporosis). Many psycho-
logical disturbances develop or intensify in individuals with AN, including depression,
anxiety, and obsessionality. The Minnesota Starvation Experiment performed during
World War II documented the development of similar psychological changes associated
with weight loss in otherwise healthy men, including obsessionality and ritualized behav-
iors, anxiety, anhedonia, and insomnia.

Individuals with AN often describe thinking about food from the moment they wake
up in the morning, including obsessional thoughts about food calories, ingredients, and
preparation. They often impose rigid rules for themselves regarding food intake, includ-
ing the types and quantity of foods consumed, rituals around eating behavior (e.g., cut-
ting, chopping, mixing of foods), and timing and rate of consumption. There may be
periods of fasting during the day (e.g., no food before evening, or no food after 6:00 P.M.),
and slowed rates of chewing or sipping of allowed foods. They may engage in obsessional
weight monitoring and body checking (i.e., touching, pinching, and examining the body
to assess their thinness). Additionally, individuals with AN may develop other behaviors
that interfere with weight gain. For many of those with the binge eating—purging subtype,
this includes behaviors that specifically aim to compensate for food consumed, such as
self-induced vomiting, or use of laxative or diuretic medications. Many with AN engage
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in excessive physical activity, such as standing or walking for long periods, shaking or
fidgeting, or varieties of formal exercise. Others insist on leaving food on their plates,
eating in isolation, or using exceedingly small utensils to support restrictive food intake.

AN is a complex behavioral disorder and its etiology is multifactorial, including
biological and environmental elements. Ample evidence supports biological and genetic
contributions to the development of AN. Family studies have demonstrated that AN
aggregates in families, and twin studies have identified that genetic factors contribute
greatly to this aggregation. AN occurs in environments in which there is both adequate
food supply and cultural elements that value thinness. The illness is known to occur
throughout North America, Europe, and Australia, but it has also been identified in most
countries in Asia and South America, and in several countries in Africa. Additionally,
occupations that emphasize thinness and may include weight monitoring, such as ballet,
modeling, and some sports, are associated with higher rates of AN. Identified risk fac-
tors are otherwise general, such as being female and adolescent, and do not explain more
specifically who is at risk for developing AN.

Epidemiology, Course, and Outcome

Information regarding the numbers of individuals with AN is limited because AN is an
uncommon illness and affected individuals often deny or diminish symptoms and do not
pursue treatment. Studies assessing the incidence of AN (i.e., new cases per 100,000 per-
sons per year) report far higher rates among adolescent samples than those among adults.
Incidence rates identified from large European community samples range from 4.2-7.7
per 100,000 person-years, with far higher rates among adolescents 15-19 years of age,
with an incidence rate of 109.2 per 100,000 person-years in one Dutch sample, and, in a
sample from Finland, 270 per 100,000 person-years among female twins of the same age
range. While there has been some debate about whether incidence rates of eating disor-
ders are on the rise, several studies have concluded that incidence rates for AN have been
stable in Europe and the United States since the 1970s. The lifetime prevalence of AN is
estimated at 0.9% among females. Prevalence in males is far lower, commonly estimated
as being one-tenth of the rates seen among females. Whereas in a sample in the United
States researchers found a prevalence rate of 0.3% in male adolescents, researchers in
several European countries found far lower rates.

Mortality rates are consistently high in AN. In fact, one meta-analysis of excess
mortality found that AN was associated with the highest rate of mortality among all
mental disorders. Weighted crude mortality rate (CMR), indicating the number of deaths
within the study population over a specified period, has been identified for AN as 5.1
deaths per 1,000 person-years. Approximately 20% of deaths associated with AN are
due to suicide. The standardized mortality ratio (SMR) for AN, describing the ratio of
actual deaths to expected deaths for a given population, is approximately five in most
studies, with the highest SMR for adolescents, since baseline mortality rates are very low
for younger individuals.

AN generally presents in mid-to-late adolescence, not infrequently associated with a
normal developmental stressor such as leaving home for the first time. The illness usually
begins innocently, with dieting or an attempt to “eat healthy” that does not seem differ-
ent from behaviors tried by other adolescents, most of whom do not develop AN. Some
modest initial weight loss is commonly met by a compliment or other positive response
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from peers or adults, such as a teacher or a coach. Individuals who develop AN describe
a powerful response, in turn, to the positive feelings associated with weight loss, or a
tendency to attempt additional weight loss to cope with a negative feeling. Food restric-
tion commonly worsens over time in AN as fewer foods, as well as smaller amounts, are
consumed. Additionally, eating behaviors may become more disordered over time, with
binge eating and/or compensatory behaviors that aim to interfere with weight gain, such
as purging and excessive physical activity, eventually developing in more than 50% of
individuals with AN.

The course of AN is variable. Younger patients with relatively short illness dura-
tion are the most responsive to treatment. They generally respond to interventions that
emphasize weight restoration, including a family-based therapy that encourages parents
to help refeed their malnourished child. Older patients, who may be more entrenched in
their symptoms, may find it more difficult to achieve behavioral change. Weight restora-
tion is the essential first step in a successful treatment for AN for patients of any age,
and different treatment settings may be utilized to help individuals achieve this change.
Intensive outpatient, residential, and inpatient settings afford opportunity for close clini-
cal monitoring and meal supervision, and many adult patients with AN use these settings
during their clinical course. Most follow-up studies report recovery rates of approxi-
mately one-third of patients evaluated over a period of several years, with adolescent
patients achieving higher recovery rates than adults. Significant numbers of individuals
with AN may relapse following an attempt at weight restoration; some reports indicate
that close to 50% of adults who receive inpatient treatment for weight restoration may
relapse within 1 year of discharge. Approximately 20-30% of individuals with clinically
significant AN may develop an enduring variant of the illness. These individuals are seri-
ously affected by the psychiatric and medical morbidity associated with AN, yet they may
be reluctant to pursue treatments to stabilize or improve their clinical condition.

Treatments

AN is a challenge to treat, especially in adults, and empirical support is lacking for specific
treatments. Many treatments have been considered for AN, but controlled trials are rela-
tively few, and usually include small numbers of participants. Participants are reluctant
to participate in treatment trials, and study completion rates are low. Symptom overlap
with other psychiatric disorders, such as depression and anxiety, led to early examination
of multiple antidepressant medications for AN. Surprisingly, no benefit to eating, weight,
or other psychological symptoms has been associated with these medications compared
to placebo. More recent interest in atypical antipsychotic medications for psychological
improvement or weight gain has resulted from several small studies; a larger multisite
study of olanzapine compared with placebo identified a small but statistically significant
effect on weight gain associated with olanzapine. Several specific psychotherapies for
AN have been studied in controlled trials. Behaviorally oriented approaches appear to
be most helpful for acute AN, as behavioral change and weight restoration are the pri-
mary treatment goals. Family-based therapy for adolescents with AN, a treatment that
empowers parents to refeed their underweight youngsters, has been highly effective in
helping young patients restore weight and achieve recovery using an outpatient interven-
tion. Behavioral programs conducted within treatment settings that provide supervision
for meals and snacks (e.g., intensive outpatient, residential, and inpatient programs) are
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commonly used, especially for adult patients. Other structured psychotherapies, includ-
ing cognitive-behavioral therapy (CBT), interpersonal therapy (IPT), and a supportive
treatment named specialist supportive clinical management (SSCM) are all associated
with modest treatment effects, including small amounts of weight.

Future Directions

Despite its long history, well-characterized presentation, and compelling clinical course
in which young, previously healthy persons develop an illness with notably high rates of
morbidity and mortality, AN remains an active problem in the 21st century, with alarm-
ingly few empirically supported treatments. The eating disorders field has begun to turn
for answers to cognitive neuroscience, a discipline that studies brain function by examin-
ing neural networks responsible for specific behaviors and behavioral disturbances. One
hypothesis for the development of AN posits that the dieting behaviors become habitual,
contributing to the difficulty in altering them. This hypothesis is consistent with the find-
ings that early intervention and shorter illness duration are associated with better treat-
ment outcomes, and that the subgroup of individuals who develop severe and enduring
AN is particularly resistant to treatment. This new area of research suggests that, while
the initial food restriction, and for some, associated physical activity, may begin as goal-
oriented tasks that aim to achieve modest weight reduction, the behaviors are reinforced,
become highly practiced, and develop into more automated habits. Research is needed
to test this hypothesis. If confirmed, this model may facilitate the development of novel
treatments to target neural networks implicated in the development and maintenance of
this disorder.
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Severe and Enduring Anorexia Nervosa

STEPHEN W. TOUYZ
PHILLIPA J. HAY

here is now a consensus that recovery from anorexia nervosa (AN) is often
a lengthy process. The impact of severe malnutrition and medical instability can be
addressed in a more timely fashion than in the past, but the persistent, unrelenting, and
all-consuming ruminations pertaining to food, shape, and weight have proved to be bar-
riers to successful treatment outcomes. As a result, clinicians find themselves in the posi-
tion of having to treat patients with severe and enduring AN (SE-AN) without the “lux-
ury” of an evidence base to inform them. Clinical judgment and intuition therefore come
to the fore with the need to either adapt existing treatments or to consider redefining treat-
ment goals, including the often vexing issue of the need to attain a healthy body weight.
There is also the temptation to focus attention on comorbid complicating disorders rather
than the eating pathology per se, or to turn to more supportive treatments on an ad hoc
basis. If all else fails, the intensity of treatment is raised to higher levels of care, even when
this has not been helpful in the past. What is perhaps most disconcerting of all is that
many such patients fail to present themselves for treatment even when previously assessed,
and go on to develop a persistent and unrelenting course. Such patients, especially those
with repeated treatment failures, are a much neglected group and worthy of our attention.

Thinking “Outside the Square”: Time for a Reconceptualization

In a comprehensive review of the literature including 119 studies of 5,590 patients with a
follow-up period between 1 and 29 years, Steinhausen (2002) found that whereas a mean
of 47% of patients recovered (range 0-92%) and a further 34% improved (range 0-75%),
5% died and 21% developed a persistent and chronic course (range 0-75%). The latter
have often had multiple treatment failures and pose significant challenges to those clini-
cians who find themselves in a position of providing treatment for them. In the absence
of evidence, opinions range from withholding treatment of those who fail to comply
with traditional regimens to the imposition of involuntary treatment, or, at the extreme,
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palliative care. Such severe illness imposes a heavy burden on not only patients and their
caregivers and mental health services but also emergency and medical departments. The
personal cost is significant because such patients are often under- or unemployed and
suffer from ongoing medical complications (e.g., renal, liver, and cardiovascular disease;
osteoporosis). Caregivers and families struggle to understand the perceived irrationality
of their loved one’s behavior, but find themselves in the position of having to provide
ongoing financial support, often in a highly emotionally charged environment.

The time has come to reconceptualize SE-AN both as an illness with major psychi-
atric and medical sequelae and also as one that is fraught with family, social, and occu-
pational complications. In a series of qualitative studies, it was found that patients with
severe and enduring eating disorders obtained similar scores on quality-of-life measures
to scores of persons suffering from a severe depressive illness. However, of even greater
concern was that the life skills scores were on par with scores of persons with schizophre-
nia. Such findings make a strong argument for the adoption of a rehabilitation model in
which long-term follow-up, crisis intervention, specific psychological interventions, and
attention to substance misuse become the hallmarks of effective treatment. These core
strategies are further supplemented by attention to basic self-care needs, including nutri-
tion, housing, financial issues, and recreational activities, as well as occupational needs.

A common explanation for the poorer outcomes of persons with a more persistent
form of the illness is the extreme ambivalence of sufferers in accepting change, as well as
an ego-syntonic attachment to the maintenance of a low weight. Others have proffered a
biological explanation for the poorer therapeutic outcome reported in adolescents with
a duration of illness over 3 years following both individual and family-based therapies.
They attribute the poorer outcome to the combined effects of both starvation and stress
on the developing brain. This occurs at an inopportune time because this is when both
structural (dendrite pruning and myelination) and functional development needs to take
place. As a result, prefrontal maturation, which is crucial for the development of execu-
tive function and emotional regulation, is impeded at this critical juncture of late adoles-
cent development. In a not dissimilar vein, a neurobiological model has been proposed to
explain the putative temperamental phenotypes so often observed in such patients. This
model is also based on a neurodevelopmental perspective. Such phenotypes include an
inclination toward worry and fearfulness, an ability to adapt to circumstances in which
anxiety or discomfort is elevated, poor self-esteem, behavioral rigidity, and marked per-
severance. One is struck by the absence of reward and of the ability to engage in self-
soothing behaviors or seek pleasurable activities; such individuals leave the impression
that these are, in fact, aversive and should be actively avoided. When one places this
within a developmental framework, there are often signs of reduced emotional reactiv-
ity and heightened stress arousal with rigidity and compulsivity, which may indicate a
“pathway of vulnerability” to AN. It is therefore perhaps not surprising that anxiety
disorders are found more frequently in patients with AN than in the community at large.
Such anxiety disorders predate the development of AN and may predispose an individual
to developing an eating disorder.

The Heterogeneity of AN: A Need for Staging

AN is as a relatively homogenous disorder with two distinct subtypes: restricting and
binge—purge subtypes. Although this classification has served us well for over 35 years,
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its utility, especially as it pertains to SE-AN, is being called into question. There is now
an urgent need to develop a new classification system that takes into account the inher-
ent phenomenological differences seen in patients with a more severe and persistent form
of the illness. Few would argue that a 12-year-old girl who had lost weight for the first
time would present in a markedly different fashion than a 40-year-old woman with a
history of multiple treatment failures and unsuccessful inpatient care. Such negative treat-
ment experiences are usually associated with a pervasive sense of hopelessness, despair,
and extreme isolation. Families who were supportive at the onset of the illness eventu-
ally become exasperated and angry, defeated by an ongoing “madness” that they fail to
understand fully. A staging system, such as the ones developed for burns or cancer, is
better able to accommodate those with more persistent illness and would allow for not
only better communication but also the development of more appropriate treatments for
those with early-onset AN and for others with a more persistent form of the disorder.

Treatment Guidelines for SE-AN

Patients with SE-AN pose unique treatment challenges. Typically, they express little or no
motivation to change and doubt that weight gain might contribute to a better outcome.
The clinician is often faced with a never-ending litany of arguments that any weight gain
would cause such despair and unhappiness that it cannot be contemplated. The frequency
of such impasses reinforces the need for the development of new, innovative, enhanced
strategies not only to engage such patients successfully but also to retain them in treat-
ment in order to reduce their suffering and deliver hope, however small, of some improve-
ment. Such patients have usually experienced multiple treatment failures and present with
myriad mental health problems and significant socioeconomic handicaps.

The first task is to ensure medical safety, then to clearly elucidate the goals of ther-
apy. The overall aim is to establish a strong and durable collaborative therapeutic rela-
tionship that will form the cornerstone from which any change will emanate. A signifi-
cant challenge is to maintain symptom stability while fostering improvement in quality of
life, but with the clear understanding of the necessity for firm limits regarding issues such
as medical instability and suicidal intent. One would hope that the patient can be led to
understand the concept of the clinician’s duty of care and recognize that there may come
a time, despite vehement pleas to the contrary, that an admission to hospital is needed.
At such times, when the consent of the patient may not be forthcoming, the potential of
infringement of civil liberties arises. The decision to proceed with an involuntary admis-
sion is rarely straightforward. Ethical waters become muddied in regard to the decision
about whether the capacity to make autonomous choices no longer exists, or is suffi-
ciently compromised to the extent that the clinician must override the patient’s expressed
wishes. It is certainly preferable if the patient can be persuaded to accept admission with-
out having to resort to the courts or tribunal hearings.

For the first time, multidisciplinary national clinical practice guidelines (from the
Royal Australian and New Zealand College of Psychiatrists) have specifically addressed
management of SE-AN. These guidelines also had the advantage of being informed by
findings from the first randomized controlled trial of patients with SE-AN. Develop-
ment of the guidelines was based on the premise that any such treatment must occur
in a collaborative manner and after the goals of treatment have been clearly discussed
with the patient. In addition, where appropriate, these goals should to be discussed with
significant others in the patient’s life. It is essential that patients feel that their treatment
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is being conducted within a setting that provides both support and comfort, and affords
the opportunity for gradual change to occur. These guidelines, with the inclusion of a
protocol to treat SE-AN, should draw more attention to this underresearched group and,
we hope, not only improve treatment but lead to the development of more innovative
strategies as well.

Rethinking Recovery

It is our belief that a sine qua non for the effective treatment of patients with SE-AN is
the establishment of a dignified, collaborative therapeutic relationship with the added
vital elements of empowerment and individual responsibility. With this in mind, and
taking into account the high levels of disability, low motivation to change, and high
attrition rate, we have advocated a new paradigm in which symptom reduction is not
designated as the primary outcome measure. We accordingly adapted two existing treat-
ment manuals (CBT and SSCM) and prioritized how the goals of treatment would be
presented to patients. Although we actively promoted weight gain, our primary outcome
goal was improvement of quality of life, and we conveyed both of these aims to patients.
Both treatment arms were successful in promoting change, but CBT was more success-
ful in promoting social adjustment at the end of treatment. At the end of the 12-month
follow-up period, those patients who were randomized to the CBT arm had fewer eating
disorder symptoms, as well as greater readiness to recover than those randomized to the
SSCM arm. This study was one of the first to show that patients with SE-AN are not only
capable of responding to but may also benefit from psychological treatments that have
been specifically adapted for their particular needs. The findings of this study should not
only provide hope for those patients with SE-AN but also stimulate clinicians’ interest in
developing new, innovative psychosocial treatments.

Concluding Remarks

There can be no doubt that treatment of a chronically ill patient poses unique challenges
and at times pushes against the frontiers of both medicine and the law. The therapist
regularly feels frustrated by the incessant need of the patient to argue against any change,
and treatment teams often become split by strong disagreements that arise relative to the
appropriate course of action. Clinicians may experience the same sense of futility and
hopelessness as patients do, which renders decision making impotent. At such times,
review of well-considered clinical practice guidelines regarding the treatment of those
with SE-AN may make this difficult therapeutic journey easier to navigate. Finally, one
should never lose hope: Such patients sometimes turn the corner and make what can only
be described as a miraculous recovery against very long odds. Such recoveries testify to
what is possible and underscore the need to find a definitive cure for this devastating ill-
ness.
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Bulimia Nervosa

PAMELA K. KEEL

ulimia nervosa (BN) involves recurrent binge eating episodes coupled with
inappropriate compensatory behaviors to prevent the effects of food on weight or shape.
To meet the criteria of the fifth edition of the Diagnostic and Statistical Manual for Men-
tal Disorders (DSM-5), these episodes must occur, on average, at least once per week for
a period of 3 months. In addition, BN is characterized by the undue influence of weight
or shape on self-evaluation. Although approximately 30% of individuals with BN have
a lifetime history of anorexia nervosa (AN), BN can only be diagnosed when it occurs
outside of the context of AN.

Clinical Presentation

Binge eating differs from normal eating in two key ways. First, binge episodes are defined
by consumption of a very large amount of food within a limited period of time. Feeding
laboratory studies suggest that women with BN will consume an average of 3,600 kcal
in less than 2 hours, representing approximately 2 days of caloric needs for the average
woman. Second, binge episodes involve feeling a loss of control over eating. This may be
experienced as an inability to control what or how much one is eating, an inability to
stop the episode once it has started or to prevent the episode, or experiencing an episode
as if it is happening to one rather than being a behavior in which one has agency. Indi-
viduals differ in their experience of loss of control, with some reporting that they have
no control over their eating, and others endorsing ambivalence about the extent to which
they control their eating. Some individuals have highly ritualized binge episodes that
involve specific foods eaten in specific quantities, and in a specific order. These kinds of
planned episodes may not be characterized by the same quality of loss of control as those
that emerge more spontaneously. Some rituals around the content of binge episodes are
designed to facilitate self-induced vomiting or the perceived effectiveness of vomiting.
For example, patients have reported that ending a binge with ice cream or liquids makes
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vomiting easier, and starting an episode with vibrantly colored food provides a means for
tracking when the beginning of a binge has been expelled. Knowledge that food will be
purged also can impact patients’ experience of control over their episodes. Although not
part of the definition of binge eating, episodes often involve highly palatable foods that
individuals with BN otherwise try to avoid. For example, binge episodes may include a
large pizza followed by ice cream and cookies, or a box of sugary cereal with milk, or a
bag of chips with dip and soda.

Inappropriate compensatory behaviors include self-induced vomiting, laxative abuse,
diuretic abuse, fasting, and excessive exercising, as well as misuse of other medications,
such as omission of insulin in type 1 diabetes. Of these, self-induced vomiting is the
most common method used to compensate for binge eating in Western cultures. Within
non-Western cultures, herbal laxative use is more commonly reported. Means involving
the forceful evacuation of matter from the body (vomiting, laxatives, etc.) are considered
purging methods. In contrast, nonpurging methods work with the body’s metabolism
to offset binge episodes by either not allowing calories into the body (fasting) or utiliz-
ing calories at a higher rate (excessive exercise). The distinction between purging and
nonpurging does not impact whether or not a person is diagnosed with BN but it does
impact identification of current subtypes for AN and the potential diagnosis of the other
specified eating disorder, purging disorder (PDj; discussed below). The use of multiple
methods of compensation (e.g., self-induced vomiting and laxatives) has been associated
with greater eating disorder severity, comorbidity, and suicide risk.

The minimum frequency of binge/compensatory episodes was lowered from twice
per week in the DSM-IV to once per week in DSM-5, based on evidence that there are
no differences in clinical significance or treatment response between these thresholds.
In addition, lowering the threshold reduces the preponderance of eating disorder not
otherwise specified diagnoses that plagued the DSM-IV system. An average frequency is
used because it is common for individuals to report vacillating between “good” periods
and “bad” periods. Among women not using hormonal contraceptives, these variations
coincide with phases of the menstrual cycle, such that episode frequency increases when
estrogen levels are low in relation to progesterone levels. It also is common for purg-
ing frequency to exceed the frequency of binge eating episodes because individuals may
feel the need to get rid of food even when they have not consumed excessive quantities.
This is particularly like to occur when the individual feels a loss of control over eating a
forbidden food or feels physical discomfort despite having consumed a normal amount
of food.

The undue influence of weight and shape on self-evaluation is both a defining feature
of BN and a factor that contributes to illness risk and maintenance. Factors that influ-
ence how people evaluate themselves may include the quality of relationships with fam-
ily, friends, and colleagues; performance at work or school; community service, sports,
hobbies, or other leisure activities; as well as appearance, including weight and shape.
Individuals with BN place weight and shape near the top of the list, if not at the top of
the list, of factors that influence how they feel, judge, or evaluate themselves. Of note,
this is not the same as what is important to them or their values. An individual with BN
may genuinely feel that world peace is more important than whether she maintains her
weight at 110 pounds; however, the absence of world peace would not impact her sense
of personal value, whereas gaining 5 pounds would contribute to feelings of worthless-
ness. This is also different from body dissatisfaction because there may be no discrepancy
between current and desired weight/shape as much as extreme investment in maintaining
current weight/shape.
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Severity

In DSM-3, illness severity is assessed by frequency of compensatory behaviors. Individu-
als who are compensating twice or more per day are considered to fall at the “extreme”
end of severity; an average of more than once per day but less than twice per day is con-
sidered “severe”; four to seven episodes per week (up to once per day) is considered “mod-
erate”; and one to three episodes per week falls at the “mild” end of severity. Importantly,
the presence of other symptoms (e.g., use of multiple purging methods, extremity of binge
episode size), associated medical complications (electrolyte imbalances), and functional
disability also may be considered in determining current illness severity.

Changing Definitions

Definitions of BN have changed since “bulimia” was first included in DSM-III in 1980.
In its original incarnation, bulimia was characterized by large binge episodes but was
not necessarily defined by the use of inappropriate compensatory behaviors. Instead,
DSM-III provided a list of associated features that accompanied binge episodes, from
which a minimum number was needed for diagnosis. In addition, individuals could be
diagnosed with bulimia in addition to receiving a diagnosis of AN. Thus, in DSM-III,
bulimia could include those who would now be diagnosed with binge eating disorder or
AN-binge—purge subtype. DSM-III-R and DSM-IV defined BN similarly to how the ill-
ness is defined today.

In contrast to the modest revisions made to diagnostic criteria for BN between the
DSM-IV and DSM-35, the committee for the next edition of the International Classifica-
tion of Diseases (ICD-11) is contemplating more substantive changes. The following is an
excerpt from the online beta version:

Bulimia Nervosa is characterized by frequent, recurrent episodes of binge eating (e.g.,
once a week or more over a period of at least one month). A binge eating episode is a dis-
tinct period of time during which the individual experiences a subjective loss of control
over eating, eating notably more or differently than usual, and feels unable to stop eating
or limit the type or amount of food eaten. Binge eating is accompanied by repeated inap-
propriate compensatory behaviours aimed at preventing weight gain (e.g., self-induced
vomiting, misuse of laxatives or enemas, strenuous exercise). There [sic] individual is
preoccupied with body shape or weight, which strongly influences self-evaluation. The
individual is not significantly underweight and therefore does not meet the diagnostic
requirements of Anorexia Nervosa.

This working definition differs from the DSM-5 definition in two ways. The dura-
tion of illness is 1 month instead of 3, and binge episodes do not necessarily involve a
large amount of food. Instead, the individual may be eating “differently than usual,”
and feel unable to limit “the type” of food eaten. Thus, individuals who would receive a
diagnosis of other specified feeding or eating disorder (OSFED) for subthreshold BN due
to limited duration, or for PD due to the absence of objectively large binge episodes, are
included in this proposed definition.

Arguably the duration of illness for diagnosing BN is arbitrary, and it is unclear
whether a minimum duration of 1 month impacts clinical significance of BN. Duration
of illness at presentation is one of the most reliable predictors of syndrome maintenance.



190 [Il. EATING DISORDERS

Thus, lowering this threshold could contribute to better treatment response and higher
rates of spontaneous remission. Importantly, there is likely to be a meaningful difference
between an individual who has engaged in some disordered eating behaviors and one who
has an eating disorder. Whether that distinction falls between experiencing three and four
episodes occurring over 4 weeks versus 11 or 12 episodes over 12 weeks is unknown.

Eliminating the requirement that binge episodes involve a large amount of food rep-
resents not only a departure from how BN is defined in DSM-35 but a departure from how
it has been defined since its first appearance in the medical literature. Indeed, everything
that is known about BN has been determined in those who have large binge episodes
because “we study what we define.” A related line of research that may illuminate the
consequence of this change has examined those who purge following consumption of
normal or even small amounts of food—a condition identified as PD.

Purging Disorder

Similar to BN, individuals with PD are not underweight but do endorse the undue influ-
ence of weight or shape on self-evaluation or express intense fear of gaining weight or
becoming fat. Recommended research criteria for PD suggest a minimum threshold of
purging once per week for 3 months. However, this was selected to match the frequency
for DSM-5 BN, and some preliminary data, rather than being based on extensive studies
into a meaningful threshold for diagnosis. Unlike BN, individuals with PD may or may
not experience a loss of control over their eating. Frequency of loss of control over eating
in PD has been associated with a host of indicators of distress and problems with impulse
control. Overall, comparisons between women with PD and those with BN suggest that
both are characterized by functional disability in major life roles, but that PD is associ-
ated with less distress than BN. Thus, the proposed ICD-11 definition would restrict the
diagnosis of PD to those who do not experience loss of control over their eating by pulling
those who do into a diagnosis of BN.

Aside from similarities and differences related to how PD has been defined, women
with PD resemble women with BN on levels of dietary restraint and purging frequency
but have reported less body image disturbance and overall severity of eating pathology,
as measured by both global measures of eating pathology. In addition, individuals with
PD endorse less hunger, less disinhibition around food, greater satiation, and greater
postprandial fullness and stomach discomfort compared to women with BN. They also
demonstrate a greater cholecystokinin response to food intake and higher levels of glu-
cagon-like peptide 1 over the course of a test meal compared to women with BN—both
of which may be linked to differences in food consumption prior to purging between
groups. Finally, data from Germany support increased risk of mortality in PD compared
to BN, with crude mortality estimates indicating that 1 in 20 women with PD had died
by 5-year follow-up compared to 1 in 100 women with BN.

Summary

BN can be characterized as a binge—purge syndrome. What constitutes a binge has been
debated and reasonably well studied. Thus, ongoing discussions do not reflect a lack of
information as much as a lack of consensus on whether observed patterns are clinically
relevant. Moreover, any clinical description of a syndrome glosses over differences among



29. Bulimia Nervosa 191

individuals in order to group them together—which of these differences matter versus
which do not remains an open question. Clinical relevance is determined by factors that
influence illness development, course, and treatment, as these directly inform prevention
and treatment efforts. To the extent that we have no perfect prevention and no perfect
treatment, efforts in these domains will continue. Parallel to these efforts, attention to
differences in clinical presentation that impact outcomes could significantly advance our
understanding of what BN is and what it is not.
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Binge Eating Disorder

MICHAEL J. DEVLIN

n 1993, shortly before publication of the fourth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV), a coalition of researchers known for
their work in eating disorders, obesity, and psychiatric nosology published a position
paper arguing strenuously in favor of the inclusion of binge eating disorder (BED) as a
psychiatric diagnosis. First recognized in the 1950s as a distinct eating pattern among
obese individuals, binge eating reemerged in the 1980s as a phenomenon of interest not
just in obesity research and treatment settings but also in eating disorders programs that
recognized the pattern of uncontrolled consumption of large amounts of food in indi-
viduals across the weight spectrum. Such individuals did not meet criteria for bulimia
nervosa (BN), because they used neither purging nor nonpurging methods to compensate
for their binge episodes. At issue was the validity of the putative new diagnostic category,
its distinctness from existing eating disorders, particularly nonpurging BN, and its utility
for clinical practice. When DSM-IV was published in 1994, it included BED, not as an
eating disorder diagnosis in its own right, but as an example of an eating disorder not
otherwise specified and also as a set of criteria in Appendix B, “Criteria Sets and Axes
Provided for Further Study.”

Despite the lack of inclusion as an eating disorder diagnosis, the publication of the
provisional diagnostic criteria sufficed to stimulate significant subsequent research, treat-
ment development, and advocacy. Perhaps of equal importance, the bridge between the
theretofore largely separate worlds of obesity and eating disorders continued to expand, to
the benefit of both fields. Two decades later, the inclusion of BED in DSM-5 reflected the
tremendous progress made in defining and characterizing BED, as well as understanding
its treatment. This chapter provides an overview of BED, including what is known about
its clinical characteristics, epidemiology, and medical significance, and what remains to
be learned, largely concerning its etiology and psychobiology.
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Diagnosis and Clinical Features

The core feature of BED is the occurrence, at least once a week, of eating binges, defined
as the consumption of an objectively large amount of food in a discrete period of time,
accompanied by a sense of loss of control, and without attempted compensation either
through purging, fasting, or exercise. DSM-5 diagnostic criteria for BED (see Chapter
6), like DSM-1V criteria, also require marked distress regarding the binge eating and the
presence of behavioral indicators of loss of control, such as eating past the point of full-
ness or feeling disgusted, depressed, or very guilty following an eating binge. The DSM-5
criteria set includes a severity rating of mild to extreme based on binge frequency, as well
as specifiers for partial and full remission, although the period of abstinence required for
remission is not defined. Of note, the diagnostic criteria do not require either overweight/
obesity or overconcern with shape and weight, although both are frequent concomitants
of the disorder, particularly in clinical samples.

In the years between the initial proposal of BED as a diagnostic category in its own
right and its inclusion in DSM-5, a number of studies examined the reliability and valid-
ity of the construct. These studies yielded several relatively firm conclusions and raised
significant questions. BED can be reliably diagnosed in clinical and community samples
using either self-report tools, such as the Questionnaire on Eating and Weight Patterns—
Revised (QEWP-R), or structured interviews, such as the Eating Disorder Examination
(EDE) and, more recently, the Eating Disorder Assessment for DSM-5 (EDA-5). Obese
individuals with BED eat more than comparably obese individuals without BED in labo-
ratory meals, whether instructed to binge-eat or to eat normally. A particularly robust
finding, similar to that seen in other eating disorders, is that individuals with BED com-
pared to individuals of similar weight without BED have higher rates of current and
lifetime psychopathology, particularly depression, and more frequent dieting and weight
fluctuation. It is common for individuals with BED to report periods of binge eating,
during which weight increases, alternating with periods of strict control, during which
weight decreases. Overreliance on shape and weight as determinants of self-worth, often
seen as the core psychological feature of eating disorders, is a sufficiently prominent fea-
ture that, some have argued, should be included as a diagnostic criterion. While the phe-
nomenology of BED is relatively well established, the ultimate measure of its validity as a
construct awaits an as yet unattained understanding of its etiology and pathophysiology.

Epidemiology, Course, and Outcome

One of the key issues that initially arose with respect to the inclusion of BED as a psy-
chiatric diagnosis was its prevalence. While the phenomenon of occasional overeating
is much too common to merit serious consideration as a mental disorder, the number
of individuals meeting full BED criteria, when carefully assessed, including significant
distress regarding binge eating, is far fewer. It is this smaller group of individuals, par-
ticularly those presenting for treatment for either binge eating or obesity, that has been
the focus of studies characterizing the nature and course of BED and its impact on indi-
viduals, families, and the community.

In considering prevalence, course, and outcome, it is important to distinguish
between community and clinical samples. In the community, a landmark study, the
National Comorbidity Survey Replication, estimated the lifetime prevalence of BED as
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3.5% among women and 2.0% among men. In a recently published overview of studies,
the 12-month prevalence of BED in the United States is estimated at 1.7% for women and
0.8% for men. Interestingly, the reduction in the binge frequency from two binge days
per week for the past 6 months in DSM-IV to one binge episode per week for the past 3
months in DSM-5 had minimal impact on prevalence. Outside the United States, across
upper-middle- and high-income countries, the prevalence of BED is variable but compa-
rable overall, and consistently higher than that of BN.

Unfortunately, very little information is available regarding the course and outcome
of BED among adults in the community. However, there is clearly a cross-sectional asso-
ciation between binge eating and obesity, and some evidence suggests that BED confers
increased risk for subsequent overweight and obesity. The existing studies of course and
outcome for BED in the community are somewhat stronger with regard to adolescents.
One large-scale longitudinal cohort study in adolescents found that BED is associated
with increased risk both for subsequent overweight or obesity and for depression. Another
study that followed participants for 8 years found that 3% of teenage girls developed
DSM-5 BED, but had an impressively high 1-year remission rate of 93%, underscoring
the relapsing and remitting nature of the disorder.

Clinical studies provide additional information regarding the subset of individuals
with BED who seek treatment. One key distinction between community and clinical
samples relates to the overlap with obesity. While almost half of individuals in the com-
munity who meet criteria for BED are not overweight or obese, nearly all clinical studies
of BED have been conducted in obese or overweight individuals. Looking at the overlap
between obesity and BED from the other direction, it was initially estimated that as
many as 20-30% of individuals in obesity treatment samples suffered from BED. How-
ever, subsequent studies using more rigorous diagnostic methods have yielded somewhat
lower figures, even in severely obese samples, such as individuals presenting for bariat-
ric surgery. In the large-scale multicenter Longitudinal Assessment of Bariatric Surgery
(LABS) study, 15.7% of severely obese individuals met BED criteria. As detailed in other
chapters, the short-term treatment response rate with regard to binge eating across treat-
ment modalities and even including pill placebo is quite high, suggesting that binge eating
may remit with relatively minimal intervention. Whether this represents stable and long-
lasting remission is a more difficult question, as is the question of spontaneous remission
outside of a treatment setting in adults with well-established binge eating.

Considering all sources of information, it is reasonable to conclude that in the com-
munity, BED is a fairly common problem that, for many individuals, follows an unstable
course and at least in some, can have an impact on subsequent health and well-being.

Medical and Psychological Comorbidity

A key indicator of the utility of BED as a diagnosis relates to its association with medical
and psychological disorders, independent of weight status. Of most relevance to clinicians
is the question of whether the index of suspicion for comorbid psychological or medical
conditions ought to be raised in an overweight or obese individual with BED compared
to an individual of comparable body mass index without binge eating. The answer is clear
with regard to psychological comorbidity. Numerous studies have reported elevated rates
of psychopathology and psychiatric disorders, with anywhere from a substantial minor-
ity to a large majority of research participants with BED presenting with at least one
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additional diagnosis. Mood disorders, anxiety disorders, and. in some studies, substance
use disorders are most frequently associated with BED. Moreover, it is clear that this
association holds true even when weight status is controlled (i.e., when the association is
specifically with binge eating and not with severity of obesity). Elevated rates of person-
ality disorders have also been noted, although the question of whether these rates differ
between those with and without BED in treatment-seeking samples of obese individuals
is not resolved. Notably, this elevated psychological comorbidity is also characteristic of
other eating disorders, including anorexia nervosa and BN, and, as is also true for these
disorders, the psychopathology is often intertwined with dissatisfaction with body shape
and weight-related distress. There are some indications that comorbid psychopathology
in patients with BED predicts poorer prognosis, as indicated by treatment dropout or
binge relapse following treatment. In a somewhat more recent line of research, both BED
and severe obesity have been found to be associated with childhood maltreatment and
psychological trauma. However, the specificity of the relationship between trauma and
binge eating is not well established. While it is possible that a history of trauma may be
associated with comorbid psychopathology and poor treatment response in BED, further
studies are needed.

The relationship between binge eating, independent of weight, and medical comor-
bidity is much less clearly understood. Studies controlling for psychiatric comorbidity
have suggested that individuals with BED more frequently report health problems and
disability. In addition studies controlling for weight report more new diagnoses of meta-
bolic syndrome components, including dyslipidemia and type 2 diabetes mellitus, in indi-
viduals with BED. However, studies that rely on self-report are inconclusive in that they
are subject to reporting bias (i.e., the possibility that individuals with BED may be more
aware of or more likely to report comorbid medical conditions). The aforementioned
LABS study, controlling for potential confounders, including body mass index, reported
that severely overweight individuals with BED were more likely to have impaired glu-
cose levels and high triglycerides. This provides at least a preliminary suggestion that
binge eating may indeed have adverse medical consequences apart from those attribut-
able purely to obesity. With regard to health outcomes, for the significant and growing
proportion of severely obese individuals who undergo bariatric surgery, binge eating or
loss-of-control eating following surgery appears to be associated with poorer weight out-
come. Further research is very much needed to expand and clarify these putative associa-
tions which, if confirmed, would certainly underscore the health benefits of preventing
and treating BED.

Frontiers in BED Research

As is clear from this brief review, what is most lacking with regard to BED is a clear
understanding of its etiology and mechanisms, including the genetic and environmental
risk factors for its onset, as well as the psychobiological and neurocognitive drivers and
sequelae of binge eating. A more complete knowledge is needed of the interrelationships
among the behavior of binge eating; the psychological features of shape and weight over-
concern, often with concomitant depression and/or anxiety; and the somatic phenom-
ena of weight fluctuation, weight gain, and obesity. Investigators have approached this
challenge by characterizing the behavior of binge eaters; by considering potential analo-
gies with other disorders, such as addictions; and most recently, by attempting to apply
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neurocognitive frameworks, such as the Research Domain Criteria (RDoC) to eating
disorders, including BED.

Although a thorough discussion of this work is beyond the scope of this chapter, a
few key findings and challenges are worth highlighting here. One key question relates to
eating and energy balance in individuals with BED. While laboratory studies of binge
eating have demonstrated that individuals with BED eat more than those without BED,
whether instructed to binge-eat or to eat normally, reported total daily energy consump-
tion in individuals with BED typically exceeds that of obese control participants on binge
days only. In one study using a metabolic chamber, intake of BED participants was more
variable than, but did not exceed, that of control participants, and resting metabolic rate
was similar between the two groups. Related to this is the interesting observation that
binge cessation, in the context of successful response to treatment, is often not associated
with significant weight loss. Thus, the specific causal relationship between binge eating
and obesity is as yet an unresolved issue of tremendous importance, from both a mecha-
nistic and a clinical standpoint.

Possibly the most active area of mechanistic inquiry with regard to obesity in gen-
eral, and BED in particular, is the overlap with addictive disorders. Based on what many
see as a phenomenological resemblance, with addiction-like craving, tolerance, and binge
escalation over time, much animal and human research has examined the role of reward
systems in the nonhomeostatic overeating, either binge eating or other forms of overeat-
ing, that leads to weight gain and obesity. While there have been several findings that
suggest individuals with severe obesity differ from the nonobese in their reward sensitiv-
ity, as gauged by questionnaire response, and in their neural reactivity to palatable food
cues, as gauged by functional imaging of various neural systems, the meaning of these
findings with respect to the overall similarities between severe obesity (and/or BED) and
addictive disorders remains to be clarified. The implications for treatment are, of course,
complicated by the fact that abstinence from the abused substance is far from straightfor-
ward when the substance in question is food.

In summary, since it was first proposed as a psychiatric diagnosis, a great deal of
progress has been made in defining the BED construct, characterizing its features, eluci-
dating its prevalence in the community, and understanding its impact on health. BED has
largely passed the tests of validity and clinical utility. Ultimately, however, the integrity of
BED as a well-defined psychiatric diagnosis and the development of theory-based preven-
tion and treatment strategies will require an increasingly deep and detailed understand-
ing of its etiology and pathophysiological mechanisms.
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Avoidant/Restrictive Food Intake Disorder

RACHEL BRYANT-WAUGH

his chapter provides an overview of the current status of avoidant/restrictive
food intake disorder (ARFID), a relatively newly introduced term. ARFID is a diagnosis
covering specific clinically significant presentations of restricted eating occurring across
the lifespan. This chapter describes the background to the introduction of ARFID and
covers the main diagnostic features. Current knowledge about the demographics and
clinical characteristics of ARFID is summarized, with emerging assessment and treat-
ment guidance. Relatively few data exist on clinical course, prognosis, and outcome of
ARFID, but preliminary statements are possible and are set out here. The chapter closes
with suggested priorities for future study.

Diagnosis and Classification

ARFID first appeared as a diagnostic category in 2013. Its inclusion as one of the feeding
and eating disorders in DSM-5 was justified on the basis of a growing body of evidence
suggesting that there are specific presentations characterized by restricted eating behav-
ior that are clearly distinct from anorexia nervosa and bulimia nervosa. In line with
DSM-5’s emphasis on understanding psychopathology throughout the lifespan, ARFID
is a diagnosis that is applicable to children, adolescents, and adults alike. Despite devel-
opmental differences in expression, the core features remain the same.

The characteristic symptom of ARFID is limited food intake, either in relation to
range of foods eaten or overall quantity, and in some cases both. Food intake is restricted,
typically, with a clear avoidant component to the presentation. Such behavior may be
related to a number of underlying features and may have a range of consequences. The
most common contributory factors are those related to the appearance or sensory char-
acteristics of food (e.g., texture, color); fear of the consequences of eating (e.g., vomiting
or choking); and lack of interest in food or eating, not explained by any other medical
or psychiatric condition. Such factors can occur singly or in combination in different
individuals. The most common physical consequences of ARFID include weight loss,
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nutritional compromise, and growth delay and disruption of physical development in
younger patients. Some individuals who may require nutritional interventions such as sip
or enteral feeding to ensure adequacy of intake may in some instances become dependent
on these. Others may need to supplement their intake on an ongoing basis with multivi-
tamin and mineral preparations to avoid symptoms of nutritional deficiency. Individu-
als with ARFID may present with low weight, normal weight, or above normal weight.
Aside from adverse physical consequences, the behavioral disturbances of ARFID can
lead to significant impairment in psychosocial development and functioning. Depending
on the age of the individual, this can include difficulties maintaining intimate relation-
ships, avoidance of social situations, difficulties spending time away from home, and
stress at family mealtimes. Overall quality of life can be markedly diminished.

Demographics and Clinical Characteristics

Because ARFID is a newly introduced diagnosis, robust data on demographics and clini-
cal characteristics are limited, with epidemiological studies largely absent. So-called
“picky eating” is relatively common in early childhood, with up to 50% of children in
population samples having been described as picky eaters at some stage. The majority of
children progress in terms of their acceptance of a wider range of foods without undue
difficulty or the need for clinical attention. However, the differentiation between those
likely to develop a persisting problem that may reach clinical significance in the form of
ARFID and those who are going through a normal developmental stage remains ham-
pered by a lack of both well-evaluated assessment tools and longitudinal research stud-
ies. Incidence data relating to distribution of age of onset of ARFID and cross-sectional
prevalence data for different ages are also scarce, again due to a combination of a dearth
of reliable screening and assessment measures, and the recent introduction of formal
diagnostic criteria for ARFID. A number of centers are currently working to address this,
with both population screening tools and clinical assessment measures in development.
At this stage, early studies suggest that it is possible to identify features of ARFID in late
childhood/early adolescent community samples and to differentiate these from features
of other eating disorders. So far, evidence suggests that ARFID features identified in
the community tend to be associated with low weight. In addition, early findings from
screening other clinical populations of patients with medical conditions in which eating
problems might be expected (e.g., gastroenterological conditions), suggest that rates of
ARFID are low. This is reassuring in that it suggests that the diagnostic criteria are not
overinclusive.

Most information relating to clinical populations is based on previous studies involv-
ing individuals who had originally been assigned other diagnoses or terms to describe
their eating behavior. This includes studies of early childhood feeding disorders and other
restrictive eating disorders in children and adolescents, some of which formed the evi-
dence base for the introduction of ARFID as a diagnosis. Further information is emerg-
ing from studies involving patients who have retrospectively been assigned a diagnosis of
ARFID, mostly having previously received a diagnosis of eating disorder not otherwise
specified or atypical eating disorder. Almost all the work summarized below has been
conducted with child and adolescent populations.

Among existing clinic populations of young people with eating disorders, up to
20% have been reported to meet diagnostic criteria for ARFID. The relatively consistent
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picture that is emerging suggests that there are a number of significant demographic
and clinical characteristics that differentiate young people with ARFID from those with
anorexia nervosa, bulimia nervosa, and related eating disorders. In particular, a uni-
form finding is that there is a greater preponderance of males in the ARFID population
than in other eating disorders. Furthermore, patients with ARFID are likely to present
at a younger age and have a longer duration of illness prior to presentation. In terms of
clinical characteristics, in intensive treatment settings (e.g., day programs), patients with
ARFID have been identified as being significantly underweight, with similar degrees of
weight loss and malnutrition to those of persons with anorexia nervosa. Compared to
those with anorexia nervosa, a lower, but nevertheless significant, fraction of ARFID
patients have been found to require hospital admission for medical instability. Patients
with ARFID have also been identified as having higher rates of comorbid medical and/
or psychiatric difficulties than do patients with other eating disorders, in particular, with
anxiety disorders. Findings so far suggest that patients with ARFID may be less likely
to have comorbid mood disorders than those with anorexia nervosa or bulimia nervosa.
Comorbidity with pervasive developmental disorders (e.g., autism spectrum disorder) and
learning disability/disorder has also been noted. Emerging data therefore support the
introduction of ARFID as a valid diagnostic category, with evidence of potential for dif-
ferentiation between ARFID presentations and normality, other medical conditions, and
other eating disorders.

Assessment and Treatment

The aim of a number of assessment measures currently in development is to enable stan-
dardized, reliable measurement of the features and severity of ARFID. In the mean-
time, clinical guidance that has emerged regarding assessment suggests that a number
of domains are considered in line with diagnostic criteria. Key domains relating to the
patient’s history include early development, medical history, feeding and eating history,
and the presence of any significant events that may have had an impact on willingness to
eat. In relation to the ARFID presentation, clinicians have been advised to assess current
eating behavior and food intake, cognitions related to food and eating, the presence of
any weight or shape concerns such as those found in anorexia nervosa or bulimia nervosa
(which would mean ARFID is unlikely to be an appropriate diagnosis), current mental
state, impact of eating difficulties on day-to-day functioning, and current physical state.
Main areas of risk are physical, psychological, and developmental.

Treatment research is also very limited. Formal eating disorder treatment guidance
published after the introduction of ARFID as diagnostic category has tended not to
specify recommended treatment approaches because there have been no trials to guide
practice. Suggestions based on the clinical experience of centers familiar with ARFID
presentations, again, mostly child and adolescent clinics, are broadly consistent. In gen-
eral, a multimodal approach to treatment is recommended, which comprises medical
and nutritional intervention (with ongoing physical monitoring and monitoring of the
nutritional adequacy of intake through treatment); individual cognitive and behavioral
psychological interventions targeting eating behavior and/or anxiety; parenting interven-
tions; and family interventions predominantly related to mealtime management. Specific
treatment recommendations for ARFID in adults include mostly treatment suggestions
similar to those in phobias.
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Prognosis and Outcome

While there are some data on the longer-term outcome of childhood feeding disorders
and restrictive eating disorders other than anorexia nervosa, there is very little informa-
tion on outcome in patients originally diagnosed with ARFID. This situation is likely to
change over time; in the interim, only very general statements can be made. It is well doc-
umented that some presentations of restricted eating behavior, present since early child-
hood, can persist until adulthood. It has also been shown that untreated early childhood
eating difficulties tend to persist, with problems related to eating behavior and emotional
adjustment extending into later childhood. The literature investigating the presence of an
association between restricted eating behaviors in childhood and later eating disorders
is much harder to interpret. In part this is due to inconsistent use of definitions relating
to early eating difficulties, and in part due to the very limited number of studies that
have used an adequate study design. As a consequence, findings tend to be conflicting
or unreplicated. Some authors have suggested that a proportion of ARFID patients may
warrant a diagnosis of anorexia nervosa as treatment progresses, but this may be due as
much to diagnostic difficulties as to progression of the eating disorder.

Conclusion and Recommendations

It is evident from the preceding discussion that there is a great need for further research
in relation to ARFID. This is unsurprising given its recent introduction to the diagnostic
lexicon. The number of publications relating to this clinical presentation is growing, with
authors highlighting specific areas requiring further study. First and foremost is the need
for more research related to characterization of ARFID, which covers a number of previ-
ously described presentations and is in some respects quite broadly specified. Particular
examples include reference to psychosocial and nutritional impairment without objective
definitions of the meaning of these terms in this context. It is also unclear at this stage
whether distinct subgroups will emerge. Current diagnostic criteria include examples of
three main associated features in the form of lack of interest in food and eating, avoid-
ance related to the sensory aspects of food, and avoidance related to the feared conse-
quences of eating. It seems unlikely that these will form separate subgroups as it is evident
from clinical experience, plus some related routinely collected data, that patients com-
monly present with at least two of these features. Further research investigating the clini-
cal validity and utility of the phrasing of the existing diagnostic criteria is also needed.
Some difficulties have been encountered in distinguishing between some presentations of
anorexia nervosa and ARFID, and between some anxiety disorders and ARFID. Like-
wise, a current exclusion criterion stipulates that the eating restriction should not be pri-
marily accounted for by any other medical or psychiatric condition. In some potentially
comorbid situations, this can be a difficult judgement to make, yet interrater reliability is
an important aspect of diagnostic validity. Clarification of thresholds of clinical signifi-
cance still need to be established.

Research is needed on all aspects of identification, assessment, and treatment. This
includes the development of reliable screening and assessment measures, studies investi-
gating incidence and prevalence in a range of clinical and nonclinical populations across
the lifespan, and robust treatment trials. It will be important to include patient perspec-
tives on areas to target in treatment, as well as in the development of meaningful outcome
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measures. Properly conducted longitudinal studies, in both clinical and nonclinical popu-
lations, will be essential to improve knowledge about risk factors, prognostic indicators,
course, and outcome.

Finally, due to the potential for both short- and long-term risk associated with
ARFID relative to physical and psychological health and well-being, research into pre-
ventive strategies is indicated. The focus of such research is likely to be on secondary
and tertiary prevention, at least initially. It is my hope that moving forward in relation to
improving identification and developing protocols for effective interventions, as outlined
earlier, will enable swifter access to treatments that work. It is imperative that ARFID be
fully embraced by both researchers and clinicians working with people of all ages who
present with eating disturbances, in order to ensure the field moves forward.
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Night Eating Syndrome

KELLY C. ALLISON

any people snack after dinner to wind down, to satisfy a craving, or as part
of a social situation. However, for about 1.5% of members of the general population who
meet diagnostic criteria for night eating syndrome (NES), such eating becomes a more
habitual, distressing, and shameful behavior. The prevalence of NES rises with increased
body mass index (BMI), with a range of 5-15% of individuals seeking nonsurgical weight
loss interventions, bariatric surgery, or psychiatric treatment meeting criteria.

Diagnostic Criteria and Clinical Characteristics

NES was first described by Stunkard and colleagues in the 1950s as a pattern of eating
among individuals who were having difficulty losing weight. Morning anorexia, eve-
ning hyperphagia, and insomnia were identified as the three core features. Over time,
these symptoms have been described in more detail, and, in 2013, NES was included in
the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-
5) under the category other specified feeding or eating disorders. In DSM-5, NES is
described briefly either as eating after awakening from sleep or as eating excessively after
the evening meal. Awareness of the episodes is required to differentiate the disorder from
a sleep-related eating disorder (SRED). Distress and impairment in functioning must also
be present, and the pattern of intake should not be better accounted for by another medi-
cal or mental disorder.

Research studies have used various criteria to diagnose NES. To unify the field,
research criteria were proposed at the International Night Eating Symposium in 2008
(Table 32.1). These criteria specify a delayed pattern of intake, such that at least one-
fourth of one’s daily intake is consumed after dinner and/or that an individual awakens
to eat at least twice per week. Awareness of the nocturnal eating is also required by these
criteria. Although morning anorexia was originally considered a core diagnostic feature,
studies have found that, while it is common among those with NES, it is not specific to
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TABLE 32.1. Proposed Research Diagnostic Criteria for NES

A. The daily pattern of eating demonstrates a significantly increased intake in the evening and/
or nighttime, as manifested by one or both of the following:
1. At least 25% of food intake is consumed after the evening meal
2. At least two episodes of nocturnal eating per week

B. Awareness and recall of evening and nocturnal eating episodes are present.

C. The clinical picture is characterized by at least three of the following features:
1. Lack of desire to eat in the morning and/or breakfast is omitted on four or more mornings
per week
2. Presence of a strong urge to eat between dinner and sleep onset and/or during the night
3. Sleep onset and/or sleep maintenance insomnia are present four or more nights per week
4. Presence of a belief that one must eat in order to initiate or return to sleep
5. Mood is frequently depressed and/or mood worsens in the evening

)

. The disorder is associated with significant distress and/or impairment in functioning.
E. The disordered pattern of eating has been maintained for at least 3 months.

F. The disorder is not secondary to substance abuse or dependence, medical disorder,
medication, or another psychiatric disorder.

Note. From Allison et al. (2010). Copyright © 2010 John Wiley and Sons, Inc. Reprinted by permission.

NES. It is now included as one of five possible features of NES, at least three of which
are required for diagnosis.

One of the features described in the criteria, the belief that one must eat to fall asleep
initially or to resume sleep after awakening during the night, appears to be relatively
specific to NES because it does not occur commonly in other eating disorders, including
binge-eating disorder (BED). In addition, nocturnal ingestions—episodes of eating after
awakening—are not typically as objectively large as binge episodes, although 15-20%
of persons with NES also meet criteria for BED. In general, food is used in the evening
and/or nighttime as a way of soothing anxiety, ridding oneself of a persistent craving, or
as an effective sleep aid. In fact, persons with NES who are prescribed sleep medications
such as zolpidem still tend to rise from bed and seek food, but they are more likely to
be in a drowsy, sleepwalking state and may be at a higher risk for harming themselves
while seeking or preparing food; for this reason, sleep medications are not recommended
for the treatment of NES.

NES has been linked to weight gain prospectively in the Swedish Twin Registry, the
Danish MONICA study, and in laboratory studies with long-term follow-up assessment.
Furthermore, diabetic patients with night eating tend to have higher hemoglobin Alc lev-
els and less overall control of their diabetic symptoms than similar patients without NES.
Thus, the syndrome appears to be linked with deleterious physical effects.

While food intake is significantly delayed, the timing of the sleep period is not.
However, studies comparing the circadian rhythms of hormones related to eating, weight
regulation, sleep, and stress, including insulin, glucose, leptin, ghrelin, and cortisol, were
found to be phase-delayed, with the exception of ghrelin, which was phase-advanced,
among women with NES compared to similar controls.

Despite NES being linked to an increased risk of weight gain and obesity, research
has shown that persons with NES who are of normal weight tend to have a more severely
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delayed pattern of eating than those with NES who are overweight or obese. It seems
that normal-weight persons with NES are more likely to restrict their intake purpose-
fully during the day, such that they often do not start eating until late afternoon. This
pattern then pushes the percentage of total daily intake consumed after the evening meal
to be higher—at about 50% of the total intake in one study as compared to about 35%
in overweight persons with NES. Normal-weight persons with NES also tend to have
more frequent nocturnal ingestions than persons with NES who are overweight, with
one study averaging 11 per week versus eight per week among the normal-weight and
overweight persons with NES, respectively. In addition to the more deliberate daytime
eating restriction, normal-weight persons with NES tend to exercise to compensate for
their evening and nocturnal ingestions. Thus, the more extreme NES symptoms among
normal-weight individuals might be explained by a more intense biological pressure to
eat given their more extreme fasting and exercise behaviors.

The prevalence of night eating among those with anorexia nervosa (AN) and par-
ticularly bulimia nervosa (BN) also tends to be higher than the prevalence found in the
general population, with one study of inpatients indicating that 25% of patients met
criteria. As the relationship of night eating to the other symptoms of AN and BN has
not been well studied, it is recommended to treat the symptoms of AN or BN while also
addressing the night eating, but not to assign a diagnosis of NES until it is clear that the
eating pattern is not better understood as a manifestation of AN and BN. No studies
exist on the crossover from other eating disorders to NES, although, clinically, I have
observed this phenomenon.

Assessment Methods

Three tools have been developed to aid the assessment of NES and have potential utility.
The most widely validated screening instrument for NES is the Night Eating Question-
naire (NEQ), a 14-item survey using 0- to 4-point Likert responses, which was normed
using a large Internet survey sample of self-identified persons with NES and a sample of
bariatric surgery candidates. The items assess the core features and associated symptoms
of NES, including lack of morning appetite (two items), loss of control, and degree of
cravings over eating before bedtime and during the night (four items), initial and middle
insomnia (three items), mood disturbance (two items), frequency of eating during the
night, belief that one needs to eat to sleep, and level of awareness over these eating epi-
sodes. The item assessing awareness does not count toward the final score; it is used to
distinguish NES from SRED. Scores may range from 0 to 52.

In an obese population, the positive predictive power of the NEQ is a relatively
low 40.7% using a cutoff score of 25, but rises to 72.7% using a score of 30. The NEQ
does not identify persons with NES who only have evening hyperphagia (no nocturnal
ingestions), as there are stop points built into the survey, such that the survey ends if indi-
viduals do not report awakening, or awakening and eating. Therefore, persons without
nocturnal ingestions who are consuming large amounts of their daily intake after dinner
will not be identified with this survey. The NEQ has been translated into many different
languages, including published studies in Spanish (Spain), Portuguese (Brazil), Italian,
French (Canada), German, Hebrew, Arabic (Egypt), and Korean. It is available for free
use by researchers.
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The Night Eating Syndrome History and Inventory (NESHI) is a semistructured
interview that incorporates the NEQ items and allows the interviewer to gather more
details about the average weekly frequency of nocturnal ingestions. The NESHI also
includes a recall of one’s typical daily intake, which helps the interviewer estimate the
proportion of food an individual consumes, on average, after the evening meal. One of
the most difficult parts of assessing NES is obtaining an accurate appraisal of the pro-
portion of food eaten after the evening meal because people who are seeking help for
night eating, except those who restrict purposefully during the day, as described earlier,
tend to underestimate the amount of food they eat before that time. This may inflate the
percentage of intake that they estimate consuming after the evening meal. For example,
one study showed that participants reported consuming at least half of their intake after
dinner by self-report, but, by food diaries, the intake was approximately 35% of daily
caloric intake. A careful review of food intake over a typical 24-hour period, including
the use of food records, is needed to make a rigorous assessment of evening hyperphagia.
The NESHI also assesses impairment in functioning and distress associated with NES
symptoms, the history of the disorder, and related psychosocial factors (e.g., shift work
and life stress), and the presence of inappropriate compensatory behaviors (to aid in rul-
ing out other eating disorders).

The Night Eating Diagnostic Questionnaire, a self-report instrument, has also been
developed to assess NES. Unlike the NEQ, it is not formatted with Likert responses, but
instead asks for specific values for the presence and frequency of night eating-related
symptoms and behaviors related to the proposed diagnostic criteria. No validation study
has yet been published for this measure, but it has face validity based on the NES symp-
toms assessed.

Treatment

Stunkard first described NES in persons struggling to lose weight in an obesity treatment
program. He tried the predominant therapeutic approach of his time, psychodynamic
therapy, but noted no significant response. In the 1980s and 1990s, some behavioral ther-
apy case reports suggested mixed treatment effects for NES. At this point, researchers
began to test pharmacological approaches, first with a few case series using serotonergic
agents, with some success.

The first clinical trials with selective serotonin reuptake inhibitors (SSRIs) used
sertraline. Two open-label trials showed reductions in percent of food consumed after
the evening meal and number of nocturnal ingestions per week. The first double-blind,
randomized controlled trial studied 34 participants over 8 weeks. The number of awak-
enings per week was reduced by 74 versus 14% in the sertraline and placebo groups,
respectively; the number of nocturnal ingestions per week was reduced by 81 versus 14%,
respectively; and the percentage of calories consumed after dinner was reduced by 68
versus 47%. Additionally, participants who were overweight or obese lost 2.9 kg versus
0.3 kg on sertraline and placebo, respectively, a significant difference over the 8 weeks.
Overall, there was a low placebo response rate, with only 18% of those on placebo being
judged “much improved” or “very much improved” on the Clinical Global Impression
Improvement scale compared to 71% of those on sertraline, including 41% in remission.

Two studies have been published testing the efficacy of escitalopram, another SSRI,
for NES. One was an open-label trial that tested escitalopram among 31 participants
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with NES over 12 weeks. Significant decreases were found in the number of awakenings
(8.1 to 2.7) and nocturnal ingestions (5.8 to 1.2) per week, and the percentage of intake
consumed after dinner (46 to 17%). Weight also decreased slightly from 90.2 to 88.6 kg,
which was statistically significant.

The other study using escitalopram was a double-blind placebo-controlled trial
among 40 participants. This study also noted decreases across NES symptoms, but the
placebo response rate of 35% on the Clinical Global Impression Improvement scale
was higher than that reported in the previous sertraline trial, making the comparison
between the drug and placebo groups nonsignificant. Additionally, African American
participants did not respond as well to escitalopram as did European American par-
ticipants.

Case studies with topiramate and bright light therapy have also shown promise in
treating NES, but larger, controlled trials are needed to test their efficacy.

Two randomized controlled trials testing the efficacy of progressive muscle relax-
ation (PMR) for NES have also been conducted. This approach focused on the presumed
stress-related nature of the night eating behavior, and aimed to aid sleep and reduce the
need to eat to initiate or resume sleep. The first, small study of 20 participants found
decreases in perceived stress, depressed mood, anxiety, and hunger among the active
PMR group compared to the control group, but no significant decreases in specific NES
symptoms. A more recent study of 44 participants participating in a PMR intervention,
a PMR plus exercise intervention, or an education-only group found reductions in stress,
depressive, anxiety, and NES symptoms across all of the groups. The only significant
difference in NES specific symptoms was for evening overeating in the PMR group com-
pared to the education-only group.

Finally, a 12-session/14-week open trial of cognitive-behavioral therapy (CBT) for
25 participants with NES has been reported. CBT for NES includes aspects of CBT
treatments that have been established for BED, insomnia, and depression. Addition-
ally, because many of the participants were seeking treatment for NES due to increasing
weight, structured behavioral weight management was included in the intervention for
overweight and obese participants. Structured eating across the day was a core interven-
tion for all participants, along with logging of sleep, awakenings, and food intake across
the 24 hours. Significant reductions in total caloric intake after dinner (35 to 24%),
number of nocturnal ingestions (8.7 to 2.6 per week), and weight (82.5 to 79.4 kg) were
found at the end of the 14 weeks. Randomized controlled trials are needed to confirm
these findings.
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Eating Disorders in Males

THEODORE E. WELTZIN

ales currently make up approximately 10% of patients with anorexia nervosa
(AN) and bulimia nervosa (BN) and 30-40% of patients with binge eating disorder
(BED). Data suggest that rates of eating disorders among males are increasing, with some
studies reporting that as many as 25% of patients with AN are male. We anticipate
that, moving forward, it is likely that one-fourth to one-third of patients presenting for
treatment of all eating disorders will be males. This chapter highlights features of clini-
cal presentation and symptoms expressed more commonly in males than in females that
inform the treatment process. These characteristics include body image concerns, most
commonly an increase desire for muscularity in males, and excessive exercise as a core
behavioral manifestation of the eating disorder. Other factors that may increase the risk
of developing an eating disorder in males include mood disorders, a history of childhood
adversity, alcohol abuse, and psychotic disorders. It is important to underscore that males
with mental illnesses, including eating disorders, are less likely to recognize that they
have a problem, less likely to be diagnosed or identified as having a problem by profes-
sionals, less likely to seek treatment, and less likely to be referred for specialty care. Males
with eating disorders who seek treatment services also tend to receive a shorter duration
of treatment than females.

Body Image

Men with eating disorders are as concerned about body image as are women when
assessed using instruments to systematically rate body image concerns and perceptions.
Men with AN and BN perceived themselves as almost twice as “fat” as they actually
were, indicating that body distortion in addition to body dissatisfaction—a core symp-
tom of eating disorders in women—also occurs in males. Notably, men with eating dis-
orders most commonly endorse a muscular body image ideal and/or overvalue increased
muscle definition, especially in the abdominal region. Several factors that contribute to
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an abnormal desired or “idealized” body and to body image distortion in males include
the media, cultural changes leading to unrealistic expectations of male body image and
muscularity, and bodybuilding. Men engage in activities that increase their muscularity
because they believe that greater muscularity will enhance feelings of masculinity and
confidence, and improve their attractiveness.

Exercise

Males with eating disorders may be more likely than females to engage in problematic
exercise; one study indicated that as many as 84% of affected males have a lifetime
prevalence of problematic exercise. Signs of excessive exercise include highly structured
and repetitive routines (commonly running) that tend to focus on physical endurance.
Patients may engage in exercise rather than spend time with family, attend school, or
work. Furthermore, as do some females, males with eating disorders may continue to
engage in exercise when injured, while underweight and in treatment, and against the
recommendations of the treatment team, and they frequently exhibit emotional distress
when exercise is limited.

Males with eating disorders who engage in excessive exercise typically describe two
behavioral patterns that may have increased their risk of developing an eating disorder.
First, they reduced food intake incrementally over time, to a very low caloric intake, and
avoided fats and carbohydrates. Second, exercise activities are not aimed at maintaining
strength and muscle mass; rather, there is an increase in time spent in calorie-burning
activities. Both patterns can accelerate inadequate nutritional intake and weight loss, and
promote changes in muscle definition through reduced body fat rather than increased
muscle mass.

Sexual Orientation

While the majority of males with eating disorders are heterosexual, the frequency of
homosexuality among males presenting for treatment of an eating disorder appears
greater than that in the general population. Reasons for this include an increased concen-
tration on body image and higher scores on rating of eating psychopathology and body
image concerns, media influence on idealized body image, and body-image-related anxi-
ety in homosexual males as compared to heterosexual males. Second, homosexual males
also report higher levels of peer pressure to maintain a particular body type than do
heterosexual males. Finally, higher levels of body dissatisfaction may account for higher
levels of disordered eating and, for younger gay men, be related to a history of being
overweight.

Treatment

Among the obstacles for males seeking treatment for an eating disorder is the misconcep-
tion that eating disorders exclusively affect females. Especially for men, stigma about eat-
ing disorders is a significant factor that negatively influences illness identification, public
awareness, and treatment accessibility; for example, eating disorders are viewed more
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negatively by the public than other mental illnesses, such as depression. Males also report
less support from family, friends, school, coaches, and employers.

Patients often report feeling forced into treatment. Engaging the male patient in
treatment can be facilitated by using all-male treatment groups, which allow patients to
see other males discussing eating disorder symptoms that typically have been viewed as
“female” problems, and appropriately expressing emotion in a manner that is identified
as demonstrating strength rather than weakness.

Given the stigma associated with mental illness and eating disorders, particularly
for males, it is essential from the first treatment encounter to focus on establishing and
maintaining a positive therapeutic alliance because this can enhance the chances of a
positive treatment outcome. Once engaged in treatment, males benefit from treatment
being delivered by a comprehensive and cohesive treatment team focusing on several
essential goals, including (1) accurate diagnosis of the eating disorder and of co-occurring
psychiatric illnesses, as well as identification of symptoms that do not rise to the level of
diagnosis but will likely influence treatment; (2) a comprehensive medical assessment;
(3) identification of nutritional goals that are realistic and support normalization of eat-
ing behavior and weight/nutritional status; (4) delivery of evidence-based psychotherapy
(individual, group, and family) that takes into account specific patient characteristics; (5)
education of and collaboration with the patient’s family and support system; (6) support
of the patient and family in adapting to any changes in the treatment team; and (7) when
necessary, provision of continuity across multiple levels of care. For severely affected
individuals, treatment usually requires at least 6 to 12 months, but it may require several
years or even decades.

Clinical experience suggests that cognitive-behavioral therapy (CBT) is a useful
treatment tool for working with males with an eating disorder. CBT gives patients a
framework with which to work on not only eating disorder symptoms but also on anxi-
ety and affective disorders. Males tend to externalize emotional distress and, in general,
are less likely to be comfortable talking about their feelings, negative experiences, or life
events. Our experience working with men is that CBT provides an understandable and
structured approach that both addresses externalizing tendencies and facilitates a posi-
tive exploration of thoughts and feelings. In addition, CBT helps to identify and challenge
errors in thinking concerning food, weight, body image, and the drive to exercise, along
with the many different triggers, thoughts, and feelings associated with eating disorder
behaviors.

The techniques of CBT for eating disorders, especially as described in generally
available preprinted materials, have been developed with a focus on the treatment of girls
and women. Among the differences in employing CBT with males is that there are fewer
consistent and predictable overvalued beliefs concerning food, weight, and shape. While
women frequently report feeling overweight, even when at a normal or low weight, men
may not report such feelings, even while continuing to experience severe anxiety and
distress concerning eating, fullness, and weight gain. It is often helpful to individualize
treatment by identifying struggles that may not fit the classic model of CBT for women
with eating disorders. The therapist’s recognition that males may utilize externalized
coping skills and exhibit anger when depressed may facilitate expression of thoughts and
feelings as an alternative to less helpful coping skills. For boys, family therapy is essential
to permit appropriate and productive emotional expressions of emotion and of conflict,
rather than using eating disordered behaviors as the main mechanism for emotional regu-
lation. Experiential therapy programs that include art therapy, movement, and recreation
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therapy are particularly useful for work on body image and healthy nonverbal expres-
sion, team building, problem solving, and exercise issues.

For males with eating disorders, treatment of problematic exercise can be particu-
larly challenging. It is essential to understand underlying issues associated with the ini-
tiation or maintenance of problematic exercise; for example, a past history of obesity or
anxiety about acceptance in social situations may be linked to excessive exercise behav-
iors. Interventions should first identify important behavioral manifestations of problem-
atic exercise, including the frequency, intensity, and duration of physical activity; medi-
cal conditions that directly result from problematic exercise, including physical injuries
resulting from overuse and/or abuse; and the psychosocial impact on time management,
job performance, and personal relationships. Anyone with an eating disorder, regardless
of weight status, can exhibit excessive exercise as a symptom akin to food restriction,
binge eating, or purging. Therefore, an appropriate treatment goal is the cessation of
problematic exercise, in parallel with the goal of extinction of other eating disordered
behaviors such as food restriction, binge eating, and purging. Throughout treatment and
recovery, the amount of exercise should be monitored, and if an individual returns to a
significant level of problematic exercise, this may constitute a relapse. Excessive exer-
cise behaviors often need to be addressed as part of treatment, and individualization
of therapy should be based on an assessment of the patient’s fitness beliefs and behav-
iors. Obtaining collateral information from family and coaches is reccommended because
patients typically minimize these behaviors and are often reluctant to identify exercise
behaviors as dysfunctional.

As mentioned previously, sexuality is a common theme in the psychotherapy of
males with eating disorders. However, simply assuming that sexuality is a core issue,
without establishing a therapeutic alliance with the patient and exploring the broad range
of potential psychological stressors, can lead to frustration on the part of the patient.
Treatment in a group setting with other males may be beneficial, and focusing on group
cohesiveness and trust, and reviewing past episodes of victimization, be they related to
being teased or bullied about weight or about sexuality, can create common themes.

Finally, the team needs to be adaptive because, for a variety of reasons, team mem-
bers change over the course of treatment for an individual. Effective and integrated com-
munication, generated within a team-based plan, encourages patients, family members,
and caregivers to experience treatment as continuous, cohesive, and collaborative. Thus,
disruption of progress should be minimized if there are changes in therapists, physicians,
or dietitians. Past treatment experiences, both positive and negative, should be assessed
because it is important for the current treatment team to take previous treatments into
account when planning treatment and preparing the patient for a team member change.

Outcome

Outcome research specific to males with eating disorders is very limited. Studies suggest
that men benefit from early diagnosis and treatment, have a similar response to treat-
ment as women, and have a similar duration of illness prior to seeking treatment. As for
women, prognosis after discharge from treatment is improved by positive social supports,
and effective coping and problem-solving skills. Other protective factors for both males
and females with eating disorders are the amount weight gain (for underweight patients),
positive self-esteem, emotional stability, school achievement, and family connectedness.
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While the data are limited, it is likely that the majority of males who are diagnosed with
AN recover from their illness. On the other hand, roughly 25% of males with AN go
on to develop enduring eating disorder symptoms. Furthermore, mortality rates and the
incidence of medical complications appear to be similar for males and females with eat-
ing disorders.

Summary

In summary, it is likely that rates of eating disorders in males will continue to increase.
While differences exist in risk factors and symptom expression in males with eating dis-
orders, a growing body of evidence suggests that males respond well to treatment. How-
ever, treatment needs to be individualized for the male patient, ideally in a setting with
other males and with staff experienced in working with males. Obstacles to treatment
include a lack of awareness that males are at risk for eating disorders and the stigma
males often perceive on receiving a diagnosis.
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Medical Complications of Anorexia Nervosa

PHILIP S. MEHLER

n contrast to other psychiatric disorders, such as schizophrenia, bipolar ill-
ness, and depression, which are not associated with frequent serious physical problems,
anorexia nervosa (AN) has a litany of medical complications that are directly attributable
and inextricably connected to this eating disorder. No body system is spared from the
ravages of AN, especially as the symptoms become more chronic and severe. Herein these
complications and their treatments are described.

Overview of Medical Complications

In AN, the medical complications are due to weight loss and malnutrition. It is well
documented that the mortality rate in AN greatly exceeds that of all other psychiatric
disorders. A significant portion of this excess mortality rate is directly attributable to the
medical complications found in AN. There is a direct correlation between the incidence
of the medical complications with both the duration of AN and its severity. While there is
no universally accepted severity grading system for the medical complications, it is gener-
ally accepted that severe AN is defined by a body mass index (BMI) less than 15 kg/m?
or by a weight less than 70% of ideal body weight (IBW).

General Signs and Symptoms

Patients with AN may complain of fatigue, irritability, and cold intolerance. They often
have growth of fine downy hair, called lanugo, on the sides of their faces and along their
spines, which is not a sign of verilization, but more likely represents a heat-conserving
mechanism. It quickly fades away with weight restoration. Easy bruisability, brittle nails,
thinning of scalp hair, and excessive pruritus—xerosis are also present. Acrocyanosis may
be noted as weight loss progress. Lagophthalmos and patulous eustachian tube dysfunc-
tion are two issues related to the eyes and ears, respectively. The former refers to the
inability of the eyelids to completely cover the eye when sleeping, resulting in a complaint
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that the eyes feel irritated by a foreign-body sensation likely due to corneal abrasions
from the incomplete covering of the eye. This is treated by taping the eyelids shut at night
until some weight gain is accomplished. Eustachian tube dysfunction manifests with the
sensation of speaking into a hollow tube, and its cause has not been elucidated.

Gastrointestinal Symptoms

With more severe degrees of weight loss, there is development of dysphagia, which can
interfere with the ability of the patient to engage in oral feeding. This is due to pharyngeal
muscle weakness. Enlisting the services of a speech therapist, temporary dietary modifica-
tions, and avoidance of straws are useful early in refeeding. These patients may complain
of coughing during meals or have a history of aspiration pneumonia. A large percentage
of patients with AN have gastroparesis and delayed gastric emptying. This also wors-
ens with greater amounts of weight loss. Symptoms include bloating, left-upper-quadrant
abdominal pain, and early satiety. A good history alone will lead to the correct diagnosis;
confirmatory proof can be obtained with a nuclear medicine gastric emptying study, but
this is rarely needed. Expert dietitian input to institute small particle-size diets with soft
and liquid foods is often all that is necessary to treat this temporary problem; however,
on occasion, judicious use of low-dose metoclopramide before meals and/or erythromycin
may be temporarily necessary early in the refeeding process. Similarly, there is prolonged
transit time through the colon in patients with AN due to reflex hypofunctioning of the
colon. Thus, constipation is a common complaint, even among those who have never
abused stimulant laxatives. Fiber should be avoided as a treatment because of its propen-
sity to cause bloating and distention. Rather, an osmotic-type laxative, such as polyethyl-
ene glycol, is more useful. Less commonly, these patients may complain of diarrhea early
on in the refeeding process. This is likely due to intestinal villous atrophy, with resultant
malabsorption. Diamine oxidase activity is reduced as a result and may serve as a sur-
rogate serum marker of this transient complication of weight loss. One additional, fairly
rare cause of abdominal pain in AN is the superior mesenteric artery (SMA) syndrome.
Normally the SMA is cushioned by a fat pad that keeps it from compressing the lumen of
the duodenum as it passes between the SM A and the aorta. With weight loss, there is atro-
phy of this fat pad, which causes the SMA to shift medially and obstruct the lumen of the
third portion of the duodenum, basically resulting in a mechanical small bowel obstruc-
tion. Symptoms include upper-quadrant abdominal pain, distention, and early satiety.
Diagnosis is made by computed tomography (CT) scan of the abdomen, and treatment is
some weight restoration to reestablish the fat pad. This can be accomplished with a liquid
oral diet or the insertion of a nasojejunal tube, or a tube placed percutaneously.

Hepatic Symptoms

As malnutrition and weight loss worsen, there ensues a process of programmed cell death
of hepatocytes, referred to as apoptosis. This is manifested by progressive elevations
of hepatic transaminases (aspartate [AST] and alanine [ALT]). Bilirubin and alkaline
phosphatase are not generally abnormally elevated in AN. The ALT is generally dispro-
portionately elevated compared with the AST. As refeeding ensues, these typically revert
back to normal over the course of a few weeks, with the ALT lagging behind the AST.
Less commonly, these transaminases are elevated due to the actual refeeding process in
a mechanism akin to the steatosis of obesity. Treatment involves dietary modification to
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reduce the carbohydrate and fat content of the diet. A right-upper-quadrant ultrasound
can help differentiate steatosis from apoptosis-induced transaminitis. Refeeding pancre-
atitis has been rarely described in AN with a similar presentation to more common causes
of pancreatitis.

Cardiac Symptoms

Sudden cardiac death is a root cause for the impressively high mortality rate of AN. This
is not due to obstructive atherosclerotic coronary artery disease. Rather, it is likely attrib-
utable to the confluence of multiple cardiac structural and functional changes. Patients
have an attenuated blood pressure response to exercise, bradycardia, and hypotension.
National guidelines recommend hospitalization for heart rates less than 40 beats/minute
or systolic blood pressures less than 70 mmHg. These cardiac changes appear to resolve
with sustained and significant weight gain. The bradycardia is due to excessive vagal
tone, and the blood pressure changes are due to a reduction in left ventricular mass and
cardiac output. The sinus bradycardia can degenerate into a junctional escape rhythm
that is transient and extinguishes with exercise.

In the past, QT prolongation was felt to be an inherent high-risk conduction abnor-
mality in AN. However, more recently, there is increasing evidence that QT prolongation
is not inherent to AN but rather, when present, likely represents the effects of electro-
lyte abnormalities or a medication effect. Also, reduced heart rate variability has been
recently noted in AN, along with increased QT dispersion. Both of these are indicative of
increased ventricular irritability and a propensity toward fatal ventricular arrhythmias,
such as ventricular tachycardia.

In addition to the aforementioned reduction in the size of the cardiac muscle, there
are also increasingly noted pericardial effusions seen on echocardiograms. The etiology
of these is not clear, nor is their natural history. Coronary artery fibrosis has also recently
been reported by coronary magnetic resonance imaging (MRI) angiography.

Pulmonary Symptoms

Relative to other body systems, the lungs are not often affected in AN. However, sponta-
neous pneumothorax and pneumomediastinum have been described. They are difficult to
heal once they develop. Abnormal pulmonary function testing, with changes consistent
with obstructive lung disease, have been rarely reported. Aspiration pneumonia due to
weakened pharyngeal muscles and dysphagia may also occur.

Hematological Symptoms

Trilinear hypoplasia as a result of malnutrition is commonly seen. Anemia, leukopenia,
and thrombocytopenia occur in decreasing frequency. The anemia is typically normo-
cytic and generally not due to vitamin or iron deficiency. Frank neutropenia may occur
with more severe degrees of AN but does not appear to be associated with a heightened
risk of infections. However, increased vigilance is indicated because the other typical
signs of infection, such as fever and elevated erythrocyte sedimentation rate, are gener-
ally absent. All of these complications are due to serous fat atrophy in the bone marrow,
with replacement of normal marrow fat with a gelatinous mucopolysaccharide that inter-
feres with progenitor heme cell formation. This is also reversible with weight restoration;
hence, usage of growth factors is not indicated.
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Endocrine Symptoms

Pituitary-induced hypogonadism is the rule as AN worsens. Thus, males present with
decreased libido and erectile dysfunction, and the vast majority of females are hypoes-
trogenemic and amenorrheic. Fertility is unlikely to be permanently impaired. There is
an increased risk of preterm deliveries and miscarriages in patients with AN, as well as
that for unplanned pregnancies. Cortisol levels tend to be elevated due to increased adre-
nal production and decreased renal clearance. The significance of this remains elusive.
Growth hormone levels are also increased, but insulin-like growth factor 1 levels are low,
consistent with a state of growth hormone resistance. Leptin levels are reduced in AN
and may be a marker of recovery as they revert to normal. Resumption of natural menses,
also a sign of recovery, generally occurs when weight gain exceeds 90-95% of ideal body
weight. There appears to some association between type 1 diabetes and AN, but the exact
nature of the connection has not been defined.

As a direct result of some of the aforementioned endocrine complications of AN, a
substantial proportion of these patients have osteopenia and even osteoporosis, notwith-
standing their typically young age. Loss of bone density begins early in the course of this
illness, and the expert recommendations are to obtain a screening bone density (dual
X-ray absorptiometry [DXA]) after 9-12 months of amenorrhea in females or within 1
year of diagnosis in males. In fact, the degree of osteoporosis in males with AN may be
worse than that in their female counterparts. This exuberant loss of bone density in AN
results in a heightened lifetime risk of fragility fractures, even in adolescents. Moreover,
this diminished bone density may never be recoverable, especially in those with more pro-
tracted courses of their illness. This fact underscores the need for the core treatment of
AN, namely, weight restoration and resumption of menses. As bridge therapys, it is worth-
while to offer treatment with calcium and vitamin D. In addition, there is emerging evi-
dence in support of judicious consideration of bisphosphonate therapy for both males and
females or of teriparatide injections. Testosterone replacement therapy for males might be
considered as first-line treatment if there are documented low serum testosterone levels
and hypogonadal symptoms. Oral contraceptives do not have a primary role for the treat-
ment of osteoporosis in females with AN. Transdermal estrogen may be of utility.

Neurological Symptoms

Musculoskeletal weakness and deconditioning ensue as the disease becomes more severe
and chronic. This is reversible with thoughtful strengthening exercises following the rec-
ommendations of a physical therapist. Cortical brain atrophy affecting both gray and
white matter has been consistently reported. While this appears likely to normalize over
time with overall recovery, there may remain irreversible neurocognitive deficiencies that
hamper higher brain functions.

Glucose and Electrolyte Levels

For those patients with restricting AN, serum electrolyte levels are typically normal.
Thus, the finding of hypokalemia or acid—base abnormalities in these patients may be
evidence of covert purging behaviors. The two most commonly abnormal serum chem-
istry values in AN are glucose and sodium levels. Hypoglycemia is a bad prognostic sign
because it is consistent with depleted hepatic glycogen stores and reduced gluconeogenic
substrate, reflecting a more severe degree of malnutrition. Hyponatremia is occasionally
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noted in patients with restricting type AN. This is not due to syndrome of inappropriate
antidiuretic hormone production (STADH). Rather, it is due to an inherent inability to
clear free water due to diminished solute load in the kidney. Thus, these patients need to
be cautioned about excessive water consumption to avoid severe hyponatremia and its
dangers. Diabetes insipidus has also been rarely described in AN.

Conclusion

In summary, AN is a highly lethal illness, with a significant proportion of deaths due to
the inherent medical complications. No body system is protected from the malnutrition
associated with this disease. However, most of the medical complications are reversible
with effective and timely interventions.
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Medical Complications of Bulimia Nervosa

PHILIP S. MEHLER

ike anorexia nervosa, bulimia nervosa (BN) is associated with an increased
mortality rate, largely due to the medical complications related to the mode and fre-
quency of purging behaviors. This chapter focuses on the complications associated with
self-induced vomiting and laxative abuse, and offers some additional comments about the
complications of diuretic abuse.

Self-Induced Vomiting

Self-induced vomiting is the most common mode of purging in patients with BN. The
medical complications that emanate from self-induced vomiting can be divided into those
caused by the local effects of excessive vomiting and those related to the fluid, electrolyte,
and acid—-base abnormalities that occur as a result of this form of purging.

Local Complications

As a result of excessive self-induced vomiting, there is progressive weakening of the lower
esophageal sphincter and a breach in the natural mechanics keeping gastric acid con-
tained in the stomach. Therefore, ultimately, there is free flux of caustic gastric acid
into the esophagus, and gastric esophageal reflux disease (GERD) ensues with attendant
substernal burning pain and sour taste in the mouth. In addition, chronic regurgitation
of acid causes inflammation of the esophageal mucosal lining, which in turn may result
in esophageal strictures and resultant dysphagia. Even more concerning is the possibil-
ity of developing Barrett’s esophagus, a precancerous change in the esophageal mucosa.
Esophageal carcinoma has been described in patients with BN as a result of long-standing
esophageal reflux disease. Hematemesis (vomiting blood) is usually due to self-limited
Mallory-Weiss tears.

The aforementioned acid reflux is treated as it is when not associated with BN,
with proton pump inhibitors and lifestyle changes. An upper gastrointestinal endoscopy
should be considered if there is suspicion of Barrett’s esophagus.
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Other potential adverse effects of chronic self-induced vomiting include perimyoly-
sis, which refers to erosion of the enamel on the lingual surfaces of the teeth from acid
exposure. Patients also have excess dental caries. Cheilosis, inflammation at the corners
of the mouth, may develop as a result of poor oral hygiene associated with vomiting.
Sialadenosis refers to bilateral parotid and salivary gland hypertrophy, which gives the
appearance of having the mumps and occurs in some patients who induce vomiting;
it may also develop 3-4 days after the abrupt cessation of excessive vomiting. Tissue
examination of these parotid glands reveals large acini with prominent zymogen granules
without other pathology.

Perimyolysis can be mitigated by gentle brushing and use of a fluorinated mouth-
wash. Sialadenosis can be preempted or easily treated with the use of sialagogues, such as
lemon drops, plus nonsteroidal anti-inflammatory medications and the frequent applica-
tion of warm packs to the affected sides of the face for 1-2 weeks. Rarely, oral pilocar-
pine is required to decompress the swollen glands in refractory cases.

Other rare complications of the retching associated with self-induced vomiting
include epistaxis (nosebleeds), subconjunctival hemorrhages, esophageal perforation
(Boerhaave syndrome) and pneumomediastinum.

Fluid and Electrolyte Levels

Excessive vomiting will predictably result in loss of gastric acid leading to a metabolic
alkalosis. Chronic dehydration also stimulates excess adrenal aldosterone production to
prevent hypotension via increased renal sodium reabsorption and acid secretion in the
urine. This further exacerbates the metabolic alkalosis. In fact, because of the dual mech-
anisms causing acid loss, the metabolic alkalosis resulting from self-induced vomiting is
more severe than that associated with other modes of purging; serum bicarbonate levels
greater than 38 meq/L are a specific indicator of purging via self-induced vomiting. The
other common electrolyte abnormality found with self-induced vomiting is hypokalemia.
Indeed, the finding of unexplained hypokalemia in a young patient is highly suggestive
of covert BN.

The aforementioned elevated aldosterone levels, in response to a state of chronic
dehydration, produce a constellation of changes that can make it difficult to abruptly
desist from this purging behavior. The elevated aldosterone levels caused by dehydration
take several weeks to return to normal. Therefore, there is a propensity toward edema
formation upon abrupt cessation of purging behaviors due to an imbalance between
sodium retention and the absence of excessive sodium loss once purging ceases. This
phenomenon is known as pseudo-Bartter syndrome, and may lead to severe edema for-
mation if a patient with BN receives intravenous saline too quickly. Such edema can
be prevented with the judicious use of spironolactone (50-200 mg/day). Spironolactone
should be continued for 2—3 weeks after the purging ceases until aldosterone levels return
to normal. When a patient presents to emergency department for symptoms of dizziness
or paresthesias secondary to fluid and electrolyte abnormalities, and intravenous fluids
are necessary, they should be given over 12-24 hours, not as rapidly as they are typically
given for acute states of dehydration.

Most patients with BN use a finger or a utensil to induce vomiting, or they learn to
induce vomiting voluntarily. However, some use syrup of ipecac to induce vomiting. The
active ingredient in ipecac is emetine, which is toxic to cardiac muscle. Each bottle of
ipecac contains 30 mg of emetine, and when the cumulative dose exceeds 1,250 mg over
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a short period of time, an irreversible cardiomyopathy may ensue, leading to congestive
heart failure.

Diuretic Abuse

The excessive abuse of diuretics, especially those available only by prescription, causes
the same electrolyte abnormalities seen with self-induced vomiting. This mode of purg-
ing may be utilized, in particular, by health care professionals who have ready access
to such medications. Thus, a state of hypokalemic metabolic alkalosis, albeit less severe
than seen with self-induced vomiting, ensues. Similarly, such patients are chronically
dehydrated and develop elevated aldosterone levels as part of pseudo-Bartter syndrome.
Spironolactone has utility for this group of patients when they present for care and are
ready to cease abuse of diuretics.

Laxative Abuse

There are two major classes of laxatives, the osmotic type and the stimulant type.
Osmotic laxatives work by drawing water into the colonic lumen, thereby promoting
defecation. In general, they are safe, difficult to abuse, and do not cause dependence. In
contrast, stimulant laxatives contain senna, cascara, or bisacodyl. They are associated
with significant harm if abused and taken in excess for extended periods of time. As with
self-induced vomiting, the medical complications are due either to local adverse effects
on the colon or to the fluid, electrolyte, and acid-base disturbances that result from the
large amounts of diarrhea they cause.

Historically, there have been concerns that the active ingredients of stimulant laxa-
tives, when abused in excess, might damage the myenteric plexus (Auerbach’s plexus),
which provides motor innervation of the gut. It was thought that, at the extreme, damage
would result in the colon becoming an inert tube, incapable of propagating fecal mate-
rial, with resultant progressively severe constipation and obstipation (cathartic colon).
However, in recent years, such concerns have diminished. Nonetheless, because of the
other problems associated with laxative abuse, patients should be urged and aided to
cease their use of stimulant laxatives.
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