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Preface

Obesity and mental disorders are major public health problems that
co-occur to a significant, but unknown, degree. Indeed, whether or not these
conditions are related has been a focus of scientific debate for over 50 years.
However, the evaluation and treatment of the patient with obesity and a
comorbid mental disorder have received extremely little empirical study,
and presently there are very few treatment guidelines to help clinicians
manage such individuals.

Many emerging lines of evidence suggest that reexamination of the
relationship between obesity and mental disorders is in order, particularly
for mental health professionals. In this regard, the significant overlap
between obesity and psychopathology in clinical populations may be the
most important. Weight gain, overweight, and obesity frequently complicate
the treatment of patients with mental disorders, especially those with psycho-
tic disorders, mood disorders, and eating disorders. Conversely, mood and
eating symptoms and disorders are common in persons of all ages seeking
treatment for obesity, as well as some of the general medical conditions
associated with obesity, such as type 3 diabetes and cardiovascular disease.

However, the reasons for the overlap between obesity and mental
disorders in clinical populations are not understood. First, iatrogenic factors
likely play a role. Many of the drugs used to treat psychotic and mood
disorders are associated with weight gain. Conversely, some of the drugs used
to treat the general medical conditions that co-occur with obesity may induce
psychological systems. Second, both obesity and many mental disorders are
increasingly severe public health problems. Substantial epidemiological evi-
dence indicates that obesity has increased in prevalence in the general popu-
lation from the late 1970s to the present. Birth cohort data suggest that mood
and eating disorders are becoming more prevalent in younger populations.
Thus, obesity and mental disorders may be co-occurring to a greater degree
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simply by chance alone. On the other hand, since smoking cessation is often
associated with weight gain, some have hypothesized that the current obesity
epidemic is due in part to decreasing rates of smoking. Third, mounting
family history, twin, and genetic data suggest that obesity and many
mental disorders, including psychotic, mood, and eating disorders, are poly-
genic, heterogeneous conditions. In light of recent epidemiologic studies
showing that obesity co-occurs with certain types of psychopathology in cer-
tain populations, including major depression in females and binge eating
disorder in males and females, it might be possible that certain forms of
obesity and certain types of mental disorders share common inherited patho-
genic factors.

In short, it is unknown how much of the clinical overlap between obe-
sity and mental disorders is due to iatrogenic factors, because of the chance
co-occurrence of two common conditions, due to shared inherited patho-
genic factors, or to various combinations of these possibilities. A better
understanding of this overlap would likely lead to improved treatment of
obesity and mental disorders when they co-occur, and possibly of the indi-
vidual conditions.

This book provides an accessible and expert summary of obesity, its
relationship to mental disorders, and its management (including when asso-
ciated with psychopathology) for the mental health professional. The first
chapter of the book defines obesity and provides an overview of its epidemio-
logy, causes, and natural history. The next eight chapters provide a state-
of-the-art update on the relationship between obesity and mental disorders.
Specifically, chapters two through seven summarize the relationship between
obesity and schizophrenia, depressive and bipolar disorders, eating disorders,
substance use disorders, smoking, and impulsive-compulsive spectrum disor-
ders. Chapters eight and nine review two important and common syndromes
often associated with both obesity and psychopathology, namely the meta-
bolic syndrome and polycystic ovary syndrome.

The third part of the book summarizes behavioral treatments of obe-
sity. Chapter 10 provides a comprehensive update of dietary therapy for
obesity without psychopathology. Chapter 11 reviews research on the use
of dietary therapy, exercise, behavioral weight management, and specialized
psychotherapies in the treatment of obese patients with psychotic, mood,
and eating disorders.

The last part of the book focuses on the medical treatments of obesity
with and without associated mental disorders. Chapters 12, 13, and 14 in
this section provide overviews of pharmacologic agents used in the treat-
ment of three separate but related conditions: obesity without psychopathol-
ogy (or ‘‘uncomplicated obesity’’), binge eating and binge eating disorder,
and medication-induced weight gain. Chapters 15, 16 and 17 summarize
the most up-to-date literatures regarding the medical treatment of three
important ‘‘subtypes’’ of obesity: uncomplicated obesity, obesity with mood
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disorders, and obesity with eating disorders. The last two chapters (Chapters
18 and 19) discuss the crucial role of bariatric surgery in the treatment of
severe obesity, including in the obese patient with psychopathology.

It is our hope that this volume will serve as a reference source for phy-
sicians, researchers and other health care professionals seeking answers to
the many questions related to understanding and treating obesity and
mental disorders.

Susan L. McElroy M.D.
David B. Allison Ph.D.
George A. Bray M.D.
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1

Obesity Is a Major Health Problem:
Causes and Natural History

George A. Bray

Pennington Biomedical Research Center, Louisiana State University System,
Baton Rouge, Louisiana, U.S.A.

OVERVIEW OF OBESITY

How fat are we? Before we can answer this question and discuss its implica-
tions, we need a definition of what we mean by fatness or obesity. Obesity
means too much body fat, but because body fat is affected by age and
sex, it has proven more effective to use a surrogate relating height and
weight called the body mass index (BMI). This is measured as the weight
in kilograms (kg) divided by the stature in meters (m) squared (kg/m2).
The BMI is largely independent of height and provides a reasonable assess-
ment of fatness. The normal range of BMI is 18.5 to 24.9 kg/m2. Overweight
is defined as a BMI between 25 and 29.9 kg/m2, and obesity as a BMI
>30 kg/m2 (1,2).

Using the BMI, the prevalence of obesity can be assessed around the
world. In the United States, 60.4% of the adult population aged 20 to 74
is overweight and 30.5% are obese in the most recent survey of the American
population by the National Center of Health Statistics (3,4). The epidemic is
worldwide and is affecting children as well as adults (1,5). It is against this
background of a rising prevalence of obesity that strategies to prevent and
treat obesity need to be developed.

A careful analysis of the shifting distribution curves for body weight
shows that most of the increase is in the upper half of the distribution curve,
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which skews body weight to the heavy side. This would suggest that the
people at risk for obesity in the current epidemic are people in the upper part
of the body weight distribution curve who have a genetic susceptibility to
store fat in our society of nutritional abundance. These people probably
begin to gain weight in childhood and then continue into adult life (6,7).
This environmental response of genetically susceptible people to nutritional
abundance has been labeled as a ‘‘toxic environment’’ (8).

In this overview of obesity, it is important to start with a number of
realities for obesity that underlie the problem. These are briefly summarized
below:

� Obesity is a chronic, relapsing, stigmatized disease that is increas-
ing in prevalence.

� It is due to an imbalance between energy intake and energy expen-
diture.

� Treatments rarely cure obesity.
� The therapeutic armamentarium of physicians is limited and labors

under the negative halo of treatment mishaps.
� Drugs do not work when they are not taken.
� Weight loss plateaus on any treatment when compensatory

mechanisms come into play.
� Frustration with plateaued weight that often averages less than

10% leads to discontinuing therapy, then to weight regain and
labeling the weight loss program as a failure.

The current epidemic of obesity is a time bomb for future development
of diabetes and its many complications. As such, it deserves efforts at pre-
vention and, where needed, treatment. The disease of obesity has its pathol-
ogy rooted in the enlargement of fat cells. Secretory products of these
enlarged fat cells produce most of the pathogenetic changes that result in
the complications associated with obesity. Physicians and the health care
system have two strategies to deal with this problem. The first is to prevent
the development of obesity, or to reverse it before the complications
develop. Alternatively, the health care system can wait until the complica-
tions develop and then institute appropriate therapy. With the current high
quality therapies available to treat hypertension, diabetes mellitus, and
hypercholesterolemia, many physicians would prefer this latter strategy.
However, if treatment for obesity were effective, the former approach would
clearly be preferable. In one long-term trial, the incidence of new cases of
diabetes was reduced to zero over two years in patients who lost and main-
tained a weight loss of 12% or more compared to an incidence of 8.5% for
new cases of diabetes in those who did not lose weight. Thus, effective treat-
ment can have a major impact in reducing the risk of developing serious
diseases in the future.
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One reason that most physicians are reluctant to treat obese patients is
that their treatments are limited in number and effectiveness. At this writing,
there are only two drugs approved by the United States Food and Drug
Administration for long-term use in obesity. As monotherapy, both agents
can produce a weight loss of 8% to 10%. However, to achieve the reduction
in the rate of new cases of diabetes noted above, the weight loss needs to
exceed 12%, a goal that cannot be easily achieved with current monotherapy.
Thus, there is a great need for new treatment to be used when prevention fails.

Obesity is a stigmatized disease. One commonly held view is that obese
people are lazy and weak-willed. If fat people just had willpower, they would
push themselves away from the table and not be obese. This widely held
view is shared by the public and by health professionals alike. The clamoring
of women to be lean and well proportioned supports this view. The declining
relative weight of centerfold models in Playboy and of women who are win-
ners of the Miss America contest also supports this view. Many physicians
just do not like to see obese patients come into their offices. Dealing with
this problem will pose a major challenge to any efforts to improve the lot
of people who are obese.

Two other issues aggravate the problem of treating obesity. The first is
the ‘‘negative halo’’ that surrounds the use of appetite suppressants because
amphetamine is addictive. There was never any evidence that dexfenflura-
mine was addictive. Nonetheless, the drug was scheduled by the United
States Drug Enforcement Agency as a Schedule IV drug because on paper
it had chemical similarities to amphetamine.

The second issue is the concern about the plateau of body weight that
is reached when homeostatic mechanisms in the body come into play and
stop further weight loss. There is an analogy with treatment of hypertension.
When an antihypertensive drug is given, blood pressure drops and then
stops falling within a few weeks to reach a ‘‘plateau’’ at a new lower level.
The antihypertensive drug has not lost its effect when the plateau occurs,
but its effect is being counteracted by physiological mechanisms designed
to maintain blood pressure. In the treatment of obesity, a similar plateau
in body weight is often viewed as a therapeutic failure for the weight loss
drug. This is particularly so when weight is regained when the drug is
stopped. These attitudes and biases need to change before any effective
new therapy will become widely accepted.

The final issue is the disaster that recently befell many patients who
took the combination of fenfluramine and phentermine. Aortic regurgita-
tion occurred in up to 25% of the patients treated with this combination
of drugs and led many physicians to say ‘‘I told you so’’ and ‘‘I’m certainly
glad I did not use those drugs.’’ Much of this will subside with time, but
there will remain a residue of concern among some physicians and among
regulators about the potential problems that might surface when new treat-
ments for obesity are made available to the public.
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THE CAUSES OF OBESITY

Etiologic Classification

A number of specific etiologies that cause obesity are described further.

Psychological and Social Factors

Psychological factors in the development of obesity are widely recognized,
although attempts to define a specific personality type that causes obesity
have been unsuccessful. One condition linked to weight gain is seasonal
affective disorder, which refers to the depression that occurs during the
winter season in some people living in the north, where days are short. These
patients tend to increase body weight in winter. This can be effectively trea-
ted by providing higher-intensity artificial lighting in the winter (9).

Behavioral Patterns of Eating

Restrained eating: A pattern of conscious limitation of food intake is
called ‘‘restrained’’ eating (10). It is common in many, if not most, middle-
age women of ‘‘normal weight.’’ It may also account for the inverse relation-
ship of body weight to social class; women of upper socioeconomic status
often use restrained eating to maintain their weight. In a weight-loss clinic,
higher restraint scores were associated with lower body weights (11). Weight
loss was associated with a significant increase in restraint, indicating that
higher levels of conscious control maintain lower weight. Greater increases
in restraint correlate with greater weight loss, but also with higher risk of
‘‘lapse’’ or loss of control and overeating.

Binge eating disorder: Binge eating disorder is a psychiatric illness
characterized by uncontrolled episodes of overeating, usually in the evening
(12). The patient may respond to treatment with drugs that modulate
serotonin.

Night eating syndrome: Night eating syndrome is the consumption of
at least 25% (and usually more than 50%) of energy between the evening
meal and the next morning (13,14). It is one pattern of disturbed eating in
the obese. It is related to sleep disturbances and may be a component of
sleep apnea, in which day-time somnolence and nocturnal wakefulness are
often found.

Socioeconomic and Ethnic Factors

Obesity is more prevalent in lower socioeconomic groups in the United
States and elsewhere. The inverse relationship of socioeconomic status
(SES) and overweight is found both in adults and children. In the Minnesota
Heart Study, for example, the SES and BMI were inversely related. People
of higher SES were more concerned with healthy weight-control practices,
including exercise, and tended to eat less fat (15). In the National Heart,
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Lung and Blood Institute Growth and Health Study, SES and overweight
were strongly associated in Caucasian 9- and 10-year-old girls and their
mothers, but not in African American girls (16). The association of SES
and overweight is much stronger in Caucasian women than in African
American women. African American women of all ages are more obese than
are Caucasian women. African American men are less obese than white
men, and socioeconomic factors are much less evident in men. The pre-
valence of obesity in Hispanic men and women is higher than in Caucasians.
The basis for these ethnic differences is unclear. In men, the socioeconomic
effects of obesity are weak or absent. This gender difference, and the higher
prevalence of overweight in women, suggests important interactions of
gender with many factors that influence body fat and fat distribution. The
reason for this association is not known.

Neuroendocrine Obesity

Hypothalamic obesity: Hypothalamic obesity is rare in humans, but it
can be regularly produced in animals by injuring the ventromedial or para-
ventricular region of the hypothalamus or the amygdala (17,18). These brain
regions are responsible for integrating metabolic information on nutrient
stores provided by leptin with afferent sensory information on food avail-
ability. When the ventromedial hypothalamus is damaged, hyperphagia
develops, the response to leptin is eliminated, and obesity follows. Hypotha-
lamic obesity in humans may be caused by trauma, tumor, inflammatory
disease, surgery in the posterior fossa, or increased intracranial pressure
(17). The symptoms are usually present in one or more of the three patterns:
(i) headache, vomiting, and diminished vision due to increased intracranial
pressure, (ii) impaired endocrine function affecting the reproductive system
with amenorrhea or impotence, diabetes insipidus, and thyroid or adrenal
insufficiency or, (iii) neurologic and physiologic derangements, including
convulsions, coma, somnolence, and hypothermia or hyperthermia.

Cushing’s syndrome: Obesity is one of the cardinal features of Cush-
ing’s syndrome (19). Thus, the differential diagnosis of obesity from
Cushing’s syndrome and pseudo-Cushing’s syndrome is clinically important
for therapeutic decisions (19,20). Pseudo-Cushing’s is a name used for
a variety of conditions that distort the dynamics of the hypothalamic–
pituitary–adrenal axis and can confuse the interpretations of biochemical
tests for Cushing’s syndrome. Pseudo-Cushing’s includes depression, anxiety
disorders such as obsessive-compulsive disorder, poorly controlled diabetes
mellitus, and alcoholism.

Hypothyroidism: Patients with hypothyroidism frequently gain
weight because of a generalized slowing of metabolic activity. Some of this
weight gain is fat. However, the weight gain is usually modest, and marked
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obesity is uncommon. Hypothyroidism is common, however, particularly in
older women.

Polycystic ovary syndrome: The definition of the polycystic ovary
syndrome (PCOS) is based on a conference held at the National Institutes
of Health in April 1990 and includes menstrual irregularity plus hyperan-
drogenism, excluding other pathology such as congenital adrenal hyperpla-
sia and androgen secreting tumors (21). Obesity, particularly central obesity,
is common in this syndrome. Similarly, insulin resistance is often present,
even when obesity is minimal. The basis for the association of the hypotha-
lamic–adrenal–gonadal problem and the obesity is unclear. Luteinizing hor-
mone is usually increased and the ovary is the source for the increased
amounts of testosterone, possibly through stimulation by insulin-like
growth factor-1. Metformin has been effective in reducing insulin resistance
and restoring fertility in PCOS.

Growth hormone deficiency: Lean body mass is decreased and fat
mass is increased in adults and children who are deficient in growth hor-
mone, compared with those who have normal growth hormone secretion.
However, the increase in fat does not produce clinically significant obesity.
Growth hormone replacement reduces body fat generally and visceral fat
selectively (22). Acromegaly produces the opposite effects with reduced
body fat, particularly visceral fat. Treatment of acromegaly, which lowers
growth hormone, increases body fat and visceral fat. Since growth hormone
selectively decreases visceral fat, the gradual decline in growth hormone with
age may be one reason for the increase in visceral fat with age.

Drug-Induced Weight Gain

Several drugs can cause weight gain, including a variety of psychoactive
agents and hormones (Table 1) (23). The degree of weight gain is generally
not sufficient to cause true obesity, except occasionally in patients treated
with high-dose corticosteroids, some psychoactive drugs, or valproate.

Cessation of Smoking

Weight gain is very common when people stop smoking and is at least partly
mediated by nicotinewithdrawal.Weight gain of 1 to 2 kg in the first fewweeks
is often followed by an additional 2 to 3 kgweight gain over the next four to six
months. Average weight gain is 4 to 5 kg, but can be much greater (24).
Researchers have estimated that smoking cessation increases the odds ratio
of obesity 2.4-fold inmen and 2.0-fold inwomen, comparedwith nonsmokers.

Sedentary Lifestyle

A sedentary lifestyle lowers energy expenditure and promotes weight gain in
both animals and humans. Restriction of physical activity in rats causes
weight gain, and animals in zoos tend to be heavier than those in the wild.
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In an affluent society, energy-sparing devices in the workplace and at home
reduce energy expenditure and may enhance the tendency to gain weight
(25). In children, there is a graded increase in BMI as the number of hours
of television watching increases (26).

A number of additional observations illustrate the importance of
decreased energy expenditure in the pathogenesis of weight gain. The high-
est frequency of overweight occurs in men in sedentary occupations. Esti-
mates of energy intake and energy expenditure in Great Britain suggest
that reduced energy expenditure is more important than increased food
intake in causing obesity (25). A study of middle-aged men in the Nether-
lands found that the decline in energy expenditure accounted for almost
all the weight gain (27). According to the Surgeon General’s Report on
Physical Activity, the percentage of adult Americans participating in physi-
cal activity decreases steadily with age, and reduced energy expenditure in

Table 1 Drugs that Produce Weight Gain and Alternatives

Category
Drugs that cause

weight gain Possible alternatives

Neuroleptics Thioridazine
Olanzepine
Quetiapine
Resperidone
Clozapine

Molindone
Haloperidol
Ziprasodone

Antidepressants
Tricyclics
Monoamine oxidase inhibitors
Selective serotonin reuptake
inhibitors

Amitriptyiine
Nortriptyline
Imipramine
Mitrazapine
Paroxetine

Protriptyline
Bupropion
Nefazadone
Fluoxetine
Sertraline

Anticonvulsants Valproate
Carbamazepine
Gabapentin

Topiramate
Lamotrigine
Zonisamide

Antidiabetic drugs Insulin
Sulfonylureas
Thiazolidinediones

Acarbose; Miglitol;
Metfbrmin; Orlistat;
Sibutramine

AntiSerotonin Pizotifen
Antihistamines Cyproheptidine Inhalers; deconqestants
b-Adrenergic blockers
a-Adrenergic blockers

Propranolol
Terazosin

ACE Inhibitors;
Calcium channel
blockers

Steroid Hormones Contraceptives
Glucocorticoids
Progestational

steroids

Barrier methods
Non-steroidal
anti-inflammatory
agents

Source: From George A. Bray, 2001.
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adults and children predicts weight gain (28). In the United States, and
possibly in other countries, the amount of time spent watching television
is related to the degree of obesity in children; and the number of automo-
biles is related to the degree of obesity in adults (26). Finally, the fatness
of men in several affluent countries (The Seven Countries Study) was inver-
sely related to levels of physical activity (29).

Diet

The amount of energy intake relative to energy expenditure is the central
reason for the development of obesity. However, diet composition also
may be variably important in its pathogenesis. Dietary factors become
important in a variety of settings.

Breast feeding: Several recent papers have suggested that breast feed-
ing may reduce the prevalence of obesity in later life. In a large German
study of more than 11,000 children, von Kries et al. (30) showed that the
duration of breast feeding as the sole source of nutrition was inversely
related to the incidence of obesity, defined as a weight above the 95th
percentile, when children entered the first grade. In this study, the incidence
was 4.8% in children with no breast feeding, falling in a graded fashion to
0.8% in children who were solely breast fed for 12 months or more. A second
large report also showed that breast feeding reduced the incidence of over-
weight, but not obese adolescents (31). The third report with fewer subjects
and more ethnic heterogeneity failed to show this effect (32). However, the
potential that breast feeding can reduce the future risk of obesity is another
reason to recommend breast feeding for at least 6 to 12 months.

Overeating: Voluntary overeating (repeated ingestion of energy
exceeding daily energy needs) can increase body weight in normal-weight
men and women. When these subjects stop overeating, they invariably lose
most or all of the excess weight. The use of overeating protocols to study the
consequences of food ingestion has shown the importance of genetic factors
in the pattern of weight gain (33).

Progressive hyperphagic obesity is one clinical form of overeating (34).
A small number of patients begin to be overweight in childhood and then
have unrelenting weight gain, usually surpassing 140 kg (300 lb) by 30 years
of age. The recent death of a 13-year-old weighing 310 kg (680 lb) illustrates
a nearly maximal rate of weight gain of 25 kg/yr. These patients gain about
the same amount of weight year after year. Because approximately 22 kcal/
kg is required to maintain an extra kilogram of body weight in an obese
individual, the energy requirements in these patients must increase year by
year, with the weight gain being driven by excess energy intake.

Japanese sumo wrestlers who eat large quantities of food twice a
day for many years, and who have a very active training schedule, have
low visceral fat relative to total weight during training. When their active
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career ends, however, the wrestlers tend to remain overweight and have a
high probability of developing diabetes mellitus (35).

Dietary Fat Intake

Epidemiologic data suggest that a high-fat diet is associated with obesity.
The relative weight in several populations, for example, is directly related
to the percentage of dietary fat in the diet (36–38). A high-fat diet introduces
palatable foods into the diet, with a corresponding increase in energy density
(i.e., lesser weight of food for the same number of calories). This makes over-
consumption more likely. Differences in the storage capacity for various
macronutrients also may be involved. The capacity to store glucose as glyco-
gen in liver and muscle is limited and needs to be replenished frequently. This
contrasts with fat stores, which are more than 100 times the daily intake of
fat. This difference in storage capacity makes eating carbohydrates a more
important physiologic need that may lead to overeating when dietary carbo-
hydrate is limited and carbohydrate oxidation cannot be reduced sufficiently.

Dietary carbohydrate and fiber: When the consumption of sugar and
body weight are examined there is usually an inverse relationship. However,
there are recent data to suggest that the consumption of sugar-sweetened
beverages in children may enhance the risk of more rapid weight gain. Both
the baseline consumption and the change in consumption over two years were
positively related to the increase in BMI over two years. That is, children who
drank more sugar-sweetened beverages gained more weight and those who
increased their beverage consumption had an even greater increase (39).

A second relationship between obesity and carbohydrate intake may
be through the glycemic index. The glycemic index is a way of describing
the ease with which starches are digested in the intestine with the release
of glucose, which can be readily absorbed. A high glycemic index food is
one that is readily digested and produces a large and rapid rise in plasma
glucose. A low glycemic index food, on the other hand, is more slowly
digested and associated with a slower and lower rise in glucose. Compara-
tive studies show that feeding high glycemic index food suppresses food
intake less than low glycemic index foods. The low glycemic index foods
are the fruits and vegetables that tend to have fiber. Potatoes, white rice,
and white bread are high glycemic index foods. Legumes and whole wheat
are low glycemic index foods.

In a review of six studies, Roberts documented that consumption of
higher glycemic index foods was associated with higher energy intake com-
pared with consumption of lower glycemic index foods. Thus, higher fiber
foods that release carbohydrate more slowly appear to stimulate less food
intake than foods that release glucose more rapidly (40).

In addition to the relation of energy intake and glycemic index, there
are recent data to support the idea that diets with higher fiber intake are
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associated with lower weight. The Seven Countries Study initiated by Keys
et al. (29) more than 20 years ago has been a fertile source for epidemiologic
data. A recent reexamination of data from this group has shown that the
fiber intake within each of the participating countries was inversely related
to body weight. Men eating more fiber had lower body weight. Epidemiolo-
gical data also suggest that countries with higher fiber consumption have
lower prevalences of obesity (29). In addition, fiber intake may be related
to the development of heart disease and diabetes (41,42).

Dietary calcium: Nearly 20 years ago, McCarron et al. (43) reported
that there was a negative relationship between BMI and dietary calcium
intake in the data collected by the National Center for Health Statistics
(NCHS). More recently, Zemel et al. (44) found that there was a strong
inverse relationship between calcium intake and the risk of being in the high-
est quartile of BMI. These studies have prompted a reevaluation of studies
measuring calcium intake or administration of oral calcium. In the prospec-
tive trials, subjects receiving calcium had a greater weight loss than those
who were receiving placebo. Increasing calcium from 0 to nearly 2000 g/d
was associated with a reduction in BMI of about 5 BMI units (45). Taken
together, these data suggest that low calcium intake may be playing a role
in the current epidemic of obesity.

Frequency of eating: The relationship between the frequency of meals
and the development of obesity is unsettled. Many anecdotal reports argue
that overweight persons eat less often than normal-weight persons, but docu-
mentation is scanty. However, frequency of eating does change lipid and
glucose metabolism. When normal subjects eat several small meals a day,
serum cholesterol concentrations are lower than when they eat a few large
meals a day. Similarly, mean blood glucose concentrations are lower when
meals are frequent (46). One explanation for the effects of frequent small
meals compared with a few large meals could be the greater insulin secretion
associated with larger meals.

Genetic and Congenital Disorders

Discovery of the basis for the 5 single-gene defects that produce obesity in
animals was followed by the recognition that these same defects, though
rare, also produce human obesity.

The rare humans with leptin deficiency correspond to the obese
(ob/ob) mouse animal model (47–49). Leptin is a 167 amino acid protein
produced in adipose tissue and the placenta and possibly other tissues that
signals the brain through leptin receptors about the size of adipose stores. In
three families, consanguineous marriages led to expression of the recessive
leptin deficient state. These very fat children are hypogonadal, but are not
hypothermic or endocrine deficient They lose weight when treated with leptin.
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A defect in the leptin receptor has also been described, and these patients are
very fat, just as are the leptin-deficient children (50). They do not respond to
leptin because they lack the leptin receptor.

A third defect results from mutations in the melanocortin receptor
(51–53). Several forms of this receptor transmit signals for activation of
the adrenal gland by ACTH (melanocortin 1-receptor), activation of the
melanocyte (melanocortin 2-receptor), and suppression of food intake by
a-MSH (melanocortin 3-receptor and melanocortin 4-receptor). Genetic
engineering to eliminate the MC4R in the mouse brain produces massive
obesity. Several reports claim a genetic defect in this receptor is the culprit
in some humans with obesity. These individuals are of either sex and are
massively obese. A much rarer form of human obesity has been reported
when production of proopiomelanocortin (POMC), the precursor for pep-
tides that act on the melanocortin receptors, is defective (54). These people
have red hair, endocrine defects and are moderately obese.

The peroxisome proliferator-activated receptor-c (PPAR-c) is impor-
tant in the control of fat cell differentiation (55). Defects in the PPAR-c
receptor in humans have been reported to produce modest degrees of obe-
sity that begin later in life. The activation of this receptor by thiazolidine-
diones, a class of anti-diabetic drugs, is also a cause for an increase in
body fat.

The final human defect that has been described is in prohormone con-
vertase 1 (56,57). In one family, a defect in this gene and in a second gene
were associated with obesity. Members of the family with only the PC-1
defect were not obese, suggesting that it was the interaction of two genes
that lead to obesity.

Several congenital forms of obesity exist, which are more abundant
than most of the single-gene defects. The Prader–Willi syndrome results from
an abnormality on chromosome 15q11.2 that is usually transmitted pater-
nally (58). This chromosomal defect produces a ‘‘floppy’’ baby who usually
has trouble feeding. Obesity in these children begins at about age two and is
associated with overeating, hypogonadism, and mental retardation (58).

The Bardet–Biedl syndrome (BBS) (59,60) is a rare variety of congeni-
tal obesity. It is named after the two physicians who described it in separate
publications in the 1920s. It is a recessively inherited disorder that can be
diagnosed when four of the six cardinal features are present. These six
cardinal features are: (i) Progressive tapetoretinal degeneration, (ii) distal
limb abnormalities, (iii) obesity, (iv) renal involvement, (v) hypogenitalism
in men and, (vi) mental retardation (61). The genetic defect in one form
of the BBS has been identified on chromosome 20q12 as a ‘‘chaperonin-
like’’ protein that is involved in folding proteins (62). It is allelic with the
McKusick–Kaplan syndrome (MKKS). This latter syndrome is character-
ized by polydactyly, hydrometrocolpus and heart problems, but without
obesity.
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Natural History of Obesity

Individuals can become overweight at any age, but this is more common at
certain ages. At birth, those who will and those who will not become obese
later in life can rarely be distinguished by weight, except for the infants of
diabetic mothers, for whom the likelihood of obesity later in life is increased.
Thus, at birth, a large pool of individuals will eventually become over-
weight, and a smaller group will never become overweight. I have labeled
these pools ‘‘preoverweight’’ (Fig. 1) and ‘‘never overweight,’’ using the
NCHS data for prevalence of BMI > 25 kg/m2 as the solid line. Several sur-
veys suggest that one-third of overweight adults become overweight before
age 20, and two-thirds do so after that (34). Thus, 75% to 80% of adults will
become overweight at some time in their lives. Between 20% and 25% of the
population will display their overweight before age 20, and 50% will do so
after age 20. Some of these overweight individuals will develop clinically sig-
nificant problems such as diabetes, hypertension, gallbladder disease, or the
metabolic syndrome. These are the overweight people that I call ‘‘clinically
overweight.’’

Because most preoverweight people will become overweight, it is
important to have as much insight as possible into the risk factors. These
predictors fall into two broad groups: demographic and metabolic. When
an individual becomes overweight (i.e., BMI > 25 kg/m2) without clinically
significant problems, they manifest ‘‘overweight’’ or ‘‘preclinical over-
weight.’’ With the passage of time or a further increase in weight, they
may show clinical signs of diabetes, hypertension, gallbladder disease, or

Figure 1 Natural history of overweight. Because many non-overweight babies
become overweight, this group is labeled preoverweight. About one-third of those
who become overweight do so before age 20, and two-thirds do so after. The remain-
der are not overweight.
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dyslipidemia. I call this group ‘‘clinically overweight.’’ The relationship of
one to the other may be depicted as a pyramid (Fig. 2).

At the base is the reservoir of never overweight and preoverweight indi-
viduals, many of whom will become overweight in their adult life.
Some of these will in turn show signs of clinical disease and become clinically
overweight.

Overweight Developing Before Age 10

Prenatal Factors

Caloric intake by the mother may influence body size, shape, and later body
composition. Birth weights of identical and fraternal twins have the same
correlation (r¼ 0.63), indicating that birth weight is a poor predictor of
future obesity. In the first years of life, the correlation of body weight among
identical twins begins to converge, rapidly becoming much closer together
(r¼ 0.9), whereas that of dizygotic twins diverges during this same period
(r¼ 0.5). Infants born to diabetic mothers have a higher risk of being over-
weight as children and adults (63). Infants who are small-for-dates, short, or
have a small head circumference are at higher risk of developing abdominal
fatness and other comorbidities associated with obesity later in life (63).

Infancy Through Age 3

Body weight triples and body fat normally doubles in the first year of life.
This increase in body fat and how long the infant was breast fed in the first

Figure 2 Pyramid of overweight. Many individuals who become overweight do not
have diabetes, hypertension, or other diseases. These are called preclinical over-
weight. Those who develop clinical disease are clinically overweight.
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year of life are important predictors of overweight later in life. In infants
and young children with overweight parents, an infant above the 85th per-
centile at age one to three has a fourfold increased risk of adult overweight if
either parent is overweight, compared with non-overweight infants. If neither
parent is overweight, this infantile overweight does not predict overweight in
early adult life (64). These observations are similar to the older observations
suggesting that the risk for adult obesity was 80% for children with two
overweight parents, 40% for those with one overweight parent, and less than
10% if neither parent was overweight (34).

Childhood Obesity from Ages 3 to 10

Ages 3 to 10 are high-risk years for developing obesity. Adiposity rebound
describes the inflection point between a declining BMI and an increasing
BMI that occurs between age 5 and 7 years. The earlier this rebound occurs,
the greater the risk of overweight later in life. About half of the overweight
grade school children remain overweight as adults. Moreover, the risk of
overweight in adulthood was at least twice as great for overweight children
as for non-overweight children. The risk is 3 to 10 times higher if the child’s
weight is above the 95th percentile for their age. Parental overweight plays a
strong role in this group as well. Nearly 75% of overweight children age 3 to
10 remained overweight in early adulthood if they had one or more over-
weight parent, compared with 25% to 50% if neither parent was overweight.
Overweight 3- to 10-year-old with an overweight parent thus constitutes an
ideal group for behavioral therapy. When body weight progressively devi-
ates from the upper limits of normal in this age group, it is labeled ‘‘progres-
sive obesity’’ (34); this is usually severe and lifelong, and is associated with
an increase in the number of fat cells.

Overweight Developing in Adolescence and Adult Life

Adolescence

Weight in adolescence becomes a progressively better predictor of adult
weight status. In a 55-year follow-up of adolescents, the weight status in
adolescence predicted later adverse health events (65). Adolescents above
the 95th percentile had a 5- to 20-fold greater likelihood of overweight in
adulthood. In contrast with younger ages, parental overweight is less impor-
tant, or has already had its effect. While 70% to 80% of overweight adoles-
cents with an overweight parent were overweight as young adults, the
numbers were only modestly lower (54–60%) for overweight adolescents
without overweight parents. Despite the importance of childhood and ado-
lescent weight status, however, it remains clear that most overweight indivi-
duals develop their problem in adult life (34).
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Adult Women

Most overweight women gain their excess weight after puberty. This weight
gain may be precipitated by a number of events, including pregnancy, oral
contraceptive therapy, and menopause.

Pregnancy: Weight gain during pregnancy and the effect of preg-
nancy on subsequent weight gain are important events in the weight gain
history of women (66). A few women gain considerable weight during preg-
nancy, occasionally more than 50 kg. The pregnancy itself may leave a
legacy of increased weight, as suggested by one study that evaluated women
prospectively between the ages of 18 and 30 years (67). Women who
remained nulliparous (n¼ 925) were compared with women who had a sin-
gle pregnancy of 28 weeks’ duration during that period and who were at
least 12 months postpartum. The primiparas gained 2 to 3 kg more weight
and had a greater increase in waist circumference divided by hip circumfer-
ence (WHR) compared with the nulliparous women during this period.
The overall risk of weight gain associated with child-bearing after age 25,
however, is quite modest for most American women (66).

Oral contraceptives: Oral contraceptive use may initiate weight gain
in some women, although this effect is diminished with the low-dose estro-
gen pills. One study evaluated 49 healthy women initiating treatment with a
low-dose oral contraceptive (30mg ethinyl estradiol plus 75mg gestodene).
Anthropometric measurements before and after the initiation of this formu-
lation were used to compare 31 age- and weight-matched women (68). Base-
line BMI, percent fat, percent water, and WHR did not change significantly
after six cycles in the birth control pill users. A similar number of women
gained weight in both groups (30.6% of users, and 35.4% of controls).
The typical weight gain in the pill user group was only 0.5 kg, but the small
weight gain in these women was attributable to the accumulation of fat, not
body water. Approximately 20% of women in both groups lost weight.

Menopause: Weight gain and changes in fat distribution occur after
menopause. The decline in estrogen and progesterone secretion alters fat cell
biology so that central fat deposition increases. Estrogen replacement ther-
apy does not prevent weight gain, although it may minimize fat redistribu-
tion (69). A prospective study of 63 early postmenopausal women compared
34 who initiated continuous estrogen and progesterone therapy to the
remaining women who refused it. Body weight and fat mass increased sig-
nificantly in both the treatments (73.2–75.6 kg) and the control groups
(71.5–73.5 kg). However, WHR increased significantly only in the control
group (0.80–0.85). Caloric and macro nutrient intake did not change in
either group. A two-year trial with estrogen in postmenopausal women also
showed an increase in body fat (70).
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Adult Men

The transition from an active lifestyle during the teens and early 20s to a
more sedentary lifestyle thereafter is associated with weight gain in many
men. The rise in body weight continues through the adult years until the
sixth decade. After ages 55 to 64, relative weight remains stable and then
begins to decline. Evidence from the Framingham Study and studies of men
in the armed services suggests that men have become progressively heavier
for height during this century.

Weight Stability and Weight Cycling

Weight cycling associated with dieting is popularly known as yo–yo dieting
(71). Weight cycling refers to the downs and ups in weight that often happen
to people who diet, lose weight, stop dieting, and regain the weight they lost
and sometimes more. The possibility that loss and regain is more detrimen-
tal than staying heavy has been hotly debated. In a review of the literature
between 1964 and 1994, a group of experts concluded that most studies did
not support any adverse effects on metabolism associated with weight
cycling. Also, little or no data supported the contention that it is more diffi-
cult to lose weight a second time after regaining weight from a previous ther-
apeutic approach. Most researchers agree that weight cycling neither
necessarily increases body fat, nor adversely affects blood pressure, glucose
metabolism, or lipid concentrations.
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INTRODUCTION

Schizophrenia is associated with increased death rates and a reduced life
span. Accidents and suicide do not account for the vast majority of such
deaths. Evidence suggests that many illnesses, including cardiovascular dis-
ease, contribute to this excess mortality. Obesity is a physiological charac-
teristic associated with the development of cardiovascular illness and it is
clear that our patients with schizophrenia are frequently overweight, and
at times, obese. This may simply mirror the worldwide epidemic of obesity,
though it is unclear whether the distribution of body fat (i.e., android or
gynoid) differs between those with schizophrenia and their well counterparts
as most studies to date have reported body weight changes only as a func-
tion of body mass index (BMI). Antipsychotic agents and the unhealthy life-
style of those with schizophrenia have been the culprits most cited as causing
this weight gain. Yet, the increase in cardiovascular-associated mortality in
schizophrenia was observed prior to the introduction of antipsychotic med-
ication, posing a problem for this commonly held belief. Increases in visceral
obesity, which are not accurately measured using BMI and which may occur
independently of medication exposure, are a potential explanation. One
means to address such issues is to study those experiencing their first-
episode of schizophrenia and who have not been exposed to any psychotro-
pic medication. Though important, the role of antipsychotic medication
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(conventional and atypical) will not be discussed, as this is addressed
elsewhere (discussed in chap. 10). With all these issues in mind, this chapter
will focus on relationships among obesity, obesity-related illnesses, and first-
episode, drug-naive schizophrenia.

MORTALITY STUDIES IN SCHIZOPHRENIA

As early as 1841, it was reported that mentally ill people, institutionalized in
asylums in Britain, had a risk of death 6 to 7 times than that of the general
population (1). Studies performed in the early decades of the 20th century
from the United States and Europe also reported increased mortality among
psychiatric patients treated in a hospital (2,3). These studies highlighted the
causes of death due to infections secondary to overcrowding and poor
hygiene (4). However, studies performed after the introduction of antipsy-
chotic medication in 1952 and those reflecting the community-based treat-
ment of schizophrenia are perhaps more relevant to us today than the
older studies based on institutionalized subjects. Additionally, in tandem
with the changing face of contemporary psychiatry, mortality studies have
become more sophisticated demonstrating that psychiatric patients have
higher death rates than the general population (5,6). This information leads
us to ask the obvious question as to what contributes to this excess morta-
lity. Natural and unnatural causes (including suicide) contribute in some
way to early death among individuals with schizophrenia.

The impact of suicide on the increased mortality in schizophrenia is
substantial (6–10). In fact, suicide is the largest single cause of the excess
mortality of schizophrenia (7). In acknowledging this fact it is also impor-
tant to consider that although the incidence of suicide is increased through-
out the course of schizophrenia, compared to the general population, it is
highest in the year following diagnosis (11). With this in mind, the lifetime
risk of suicide for schizophrenia has been recently revised (12). In this chap-
ter, the authors used computerized curve modeling to review 29 contempor-
ary mortality reports for schizophrenia and consequently calculated a
lifetime risk of suicide at 4% instead of the previously reported 10% risk
(12,13). Therefore, suicide, although the single most important cause of pre-
mature mortality in schizophrenia, is far outweighed by the proportion of
the excess deaths caused by accumulated natural causes (7).

The first meta-analysis of the excess mortality of schizophrenia found
a significantly increased mortality from natural and unnatural (suicide, acci-
dents, and homicide) causes (7). Brown reported that 28% and 12% of the
excess mortality is attributable to suicide and accidents, respectively. Thus,
60% of the excess mortality is attributable to physical disease (7). A later
study by the same author examined specific causes of the excess mortality
of schizophrenia using the standardized mortality ratio (SMR) (8). SMR
is derived from the number of deaths observed in a population divided by
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the number of expected deaths and multiplied by 100. The study concluded
that the SMRs for natural and unnatural causes were significantly higher in
a group of schizophrenia patients and were mostly accounted for by cardi-
ovascular disease, diabetes, and epilepsy (8). Earlier studies from the United
Kingdom and Sweden also found that cardiovascular disease contributed
significantly to the increased mortality in schizophrenia, though these find-
ings were not universally accepted (14–18).

More recent studies, however, have confirmed the findings of Brown
et al. and others (7,8,14–16). A Swedish research group reported appreciable
increases in deaths from cardiovascular causes among patients with a diag-
nosis of schizophrenia over the time period of 1976–1995 (19). Norway is in
a unique position as Ødegard, the creator of the first nationwide psychiatric
case register, published mortality statistics for psychiatric patients from
1916–1974, thereby allowing observation of trends over many decades
(3,20–22). A recent Norwegian study confirmed the changing trends and
reported an increase in SMRs for cardiovascular death and suicide in psy-
chiatric patients from 1980–1992 (9). A medical examiner case study con-
ducted in the United States confirmed this observation by concluding that
the majority of deaths among schizophrenia patients were the result of nat-
ural diseases, mostly atherosclerotic cardiovascular disease (23). Therefore,
the findings within schizophrenia mirror the increasing impact of cardiovas-
cular disease as a cause of mortality within the general population as the
20th century has progressed and in projections of mortality to the year
2020 (24,25). In addition, the mortality from undetermined causes in schizo-
phrenia is high (15). Although suicidal acts contribute to this statistic,
another contributing factor may be sudden death due to cardiac arrhyth-
mias (26–29). As patients with pre-existing cardiac disease are at an
increased risk, this may further impact the effect of cardiovascular events
on the mortality in schizophrenia (30).

MORBIDITY FROM GENERAL MEDICAL
DISEASE IN SCHIZOPHRENIA

In considering mortality statistics, it is also useful to specifically examine
the literature on general medical morbidity associated with schizophrenia
as it has been posited that nearly 50% of patients with schizophrenia have
a co-occurring general medical condition (31–33). Despite the high percen-
tage of comorbidity, this statistic is a conservative estimate as it has been
suggested that the extent and consequences of general medical comorbidity
in patients with schizophrenia are generally under-recognized (32). In epi-
demiological studies higher than expected rates of cardiovascular disease,
infectious diseases, type 2 diabetes mellitus, respiratory disease, certain
forms of cancer, and a variety of other illnesses have been found in patients
with schizophrenia (16,34–36). However, it must be stated that early
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studies failed to meet methodological standards necessary to provide con-
clusive evidence (34). More recent evidence has shed light on this topic. In
a study by Dixon et al. (37) among 719 people with a diagnosis of schizo-
phrenia, the majority of patients reported at least one medical problem.
The prevalence of diabetes exceeded those expected in the general popula-
tion and the rates of hypertension and heart disease resembled those found
in an older cohort in the general population, as measured in the national
health interview survey (38). Thus, patients with schizophrenia would
appear to develop cardiovascular disease at a younger age than the general
population (37).

However, the finding of a lower prevalence of general medical illnesses
in older schizophrenia patients, mean age of 68.4 years, as compared to
patients with mood disorders and Alzheimer’s disease lead us to postulate
about the existence of a survivor cohort (39). Thus, people with schizophre-
nia may develop physical illnesses earlier in life than other groups and
have died before reaching middle or old age when one would expect
morbidity and mortality to increase (25). In fact, numerous investigators
have concluded that the excess mortality of schizophrenia is highest in
the young and generally decreases with age (14,16,40). In addition to
becoming physically sick at younger ages, patients with schizophrenia are
rarely treated for their physical illness in the early, less severe phases and
appear for medical attention only when cardiovascular and pulmonary dis-
eases are severe and potentially life-threatening (41). This problem is further
compounded by reduced detection of comorbid physical illness in schizo-
phrenia by the medical profession despite the fact that general medical
comorbidity has been linked with more severe psychiatric symptoms
(37,42,43). With these facts in mind it is timely to examine the phenomenon
of medical illness, and in particular cardiovascular disease, in association
with schizophrenia.

CARDIOVASCULAR RISK FACTORS AND SCHIZOPHRENIA

Lifestyle factors including unhealthy diet and lack of exercise, alcohol use,
tobacco smoking, and poverty are all considered to be important etiological
factors for the development of cardiovascular disease (7,11,44). The pattern
of excess smoking in schizophrenia populations may contribute to the
increased mortality from cardiovascular and respiratory diseases reported
in this group, as is mirrored in global projections of mortality (25,44). In
addition, a reluctance to seek medical attention and poor compliance with
recommended treatments may have an impact on the less favorable out-
comes of patients with schizophrenia (7).

These lifestyle issues, often acting in concert, have been identified as
substantial risk factors for developing cardiovascular illness and are often
referred to as modifiable risk factors (45,46). Risk factors which are
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independently related to the development of cardiovascular disease but
which are considered nonmodifiable are personal characteristics such as
age, gender, family history of premature heart disease, and other genetic
factors (47,48). Other risk factors that are considered modifiable include
obesity, diabetes, insulin resistance, hypertension, dyslipidemias, and hyper-
triglyceridemia. These biochemical parameters together form the metabolic
syndrome (49). This syndrome, which appears to occur 2 to 4 times more
often in those with schizophrenia than in an appropriately matched popula-
tion, and obesity are believed to play a critical role in the development of
cardiovascular illness (50).

OBESITY AND SCHIZOPHRENIA

The debate concerning obesity and schizophrenia has thus far centered on
the role of medication (51). There is little doubt that both conventional
and atypical antipsychotic medications can induce weight gain (52). How-
ever, the potential to do so varies among the different compounds as exem-
plified by a meta-analysis by Allison et al. (53) (discussed in chap. 10).
Moreover, the epidemiologic situation may be more complex than is appre-
ciated. For example, Homel et al. (54) examined the rates of change in BMI
for individuals with and without schizophrenia between 1987 and 1996, a
period in which atypical antipsychotic drug usage increased. The BMI in
the general population rose steadily during the period in question, taking
into account age and gender. The average BMI in those with schizophrenia
was significantly higher than man in the general population. Even though
females between 18 and 30 years of age showed a dramatic increase in
BMI, there was no specific trend over time in the total schizophrenic popula-
tion indicating that the often quoted linear relationship between obesity, as
measured by BMI, and atypical antipsychotic drug usage may be too simple.
Furthermore, a population-based record linkage study from Western
Australia spanning from 1980 to 1998 observed that ischemic heart disease
(IHD) was the major cause of death in psychiatric patients including those
with schizophrenia (55). Indeed, the rates of death due to IHD remained
high in schziophrenia whereas a diminution was observed in the general
population. Curiously, the higher IHD-associated mortality rates applied
to male patients with schizophrenia and not females. However, Homel
et al. (54) showed that the increase in schizophrenia-related obesity in their
study was seen mostly in females. Thus, we are left with two excellent stu-
dies, which seem to indicate that the rates of obesity have increased in
females without the expected increase in IHD which begs the following
questions: Are we measuring the best predictive indicator of cardiovascular
disease? Is schizophrenia associated with cardiovascular disease indepen-
dently of medication exposure?
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VISCERAL FAT DISTRIBUTION AND SCHIZOPHRENIA

In terms of the first question, large-scale epidemiological studies indicate
that there is a clear association between morbid obesity (BMI >40 kg/m2),
type 2 diabetes, and cardiovascular disease (56). However, the location of
the fat is more critical in lesser forms of obesity such as those generally seen
in schizophrenia (57). Significant increases in visceral or intra-abdominal
fat (IAF), termed ‘‘android obesity,’’ are linked to the development of dys-
lipidemias, atherosclerosis, hypertension, and diabetes (58). Though Vague
(59) was the first to emphasize that obesity was not homogenous and that
certain patterns of obesity (namely, android or abdominal) were linked to
glucose intolerance and lipid abnormalities, he was not the first to describe
this association. This distinction must pass to JB Morgagni who, using
anatomical dissection, made the link between excessive visceral fat, hyper-
tension, and atherosclerosis some 250 years ago (60). This sort of quanti-
fication of visceral fat is only possible at postmortem examination.
Suitable ‘‘in vivo’’ alternative means of measurement are classified as indi-
rect, with waist-to-hip ratio (WHR) and waist circumference, and direct
with imaging techniques such as magnetic resonance imaging (MRI) and
CT scanning (61).

In both WHR and waist circumference, the waist refers to the mid-
point between the iliac crest (measured standing) and the hip refers to the
most rotund part across the buttocks. In terms of WHR and waist circum-
ference, cut-off values are >0.85 for women and > 0.90 for men and
>88 cm for women and >100 cm for men, respectively, as these values
are associated with greater metabolic disturbance. CT is still probably the
gold standard in terms of measuring visceral fat distribution and the L4–
L5 junction is the best site for examination if a single scan is being used
to estimate this area. The advantage of MRI is the lack of exposure to ioniz-
ing radiation though error rates in comparison to CT in terms of estimating
subcutaneous fat and visceral fat can approach 8% to 22%, respectively.

Most studies reporting patterns of obesity in schizophrenia have
recruited subjects who are receiving or who have been exposed to psychotro-
pic medication. Few have used the methods described earlier to evaluate fat
distribution. First-episode, drug-na€��ve patients with schizophrenia offer a
unique opportunity to study the interrelationship between illness and regio-
nal fat distribution, without the confounding variable of prior antipsychotic
drug exposure. To date, three studies have been published which sought to
specifically determine visceral fat distribution in first-episode schizophrenia.
The first was by our group and used CT scans to determine visceral fat area
in 15 subjects with first-episode, drug-free schizophrenia (n¼ 8 drug-free
and n¼ 7 drug-na€��ve) and an appropriate healthy control group (62). We
found that patients had a higher BMI and WHR, higher plasma levels of
cortisol, and over 3 times as much IAF than did normal age- and
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sex-matched controls. However, this study had two limitations. First,
patients were not matched with controls in terms of BMI. Since the BMI
of patients was higher than that of controls, our results may have been
explicable in terms of a simple mass effect, namely, that IAF levels were
increased in proportion to BMI. Second, although all patients had been free
of intramuscular antipsychotics for six months and oral antipsychotics for
six weeks, not all were atypical-antipsychotic na€��ve, which is of importance
as these agents can induce weight gain (63,64).

Therefore, we conducted a separate study in which we aimed to deter-
mine whether first-episode, drug-na€��ve patients (n¼ 19) with schizophrenia
had increased amounts of visceral fat in comparison to a control group
who were matched with patients in terms of age, sex, diet, exercise, smoking
status, alcohol intake, and most importantly, BMI (controls¼ 23.0� 0.43;
patients¼ 24.6� 0.73 kg/m2) (65). In addition, we were interested in esti-
mating the effects of risperidone and olanzapine on the visceral fat distribu-
tion in the patient group.

We found that patients with schizophrenia consumed less fiber but
more saturated fat, had higher WHRs, and had just over 3 times as much
IAF (116.8� 20.2 cm2) as did the BMI-matched group of control subjects
(38.0� 4.8 cm2). Pharmacological intervention with risperidone and olanza-
pine over a six-month period did not improve the quality of their diet as
patients continued to consume less fiber and more saturated fat than did
controls. However, following treatment, patients took more vigorous
exercise. BMI, a measure of total body fatness, increased equally and signif-
icantly with both risperidone and olanzapine (29.4� 0.82 kg/m). Intra -
abdominal fat also increased equally with both risperidone (26.9�
12.1 cm2) and olanzapine (18.2� 11.4 cm2), but these increases were not
statistically different from pretreatment values (116.8� 20.2 cm2 vs. 131.7�
20.9 cm2). Our results in this study indicated that usage of the atypical anti-
psychotics, risperidone and olanzapine, did not significantly increase
IAF stores, but was consistent with our previous findings of conventional
neuroleptics.

In contrast, in the third study, Zhang et al. (66) found no difference
between first-episode, drug-na€��ve Chinese patients with schizophrenia and
controls in terms of their IAF as measured by MRI. They also found that
10 weeks of treatment with risperidone and chlorpromazine significantly
increased this fat store.

Differences between the three studies may be explained by critical
methodological deficits in the paper by Zhang et al. (66). Firstly, the SD
for the controls was 50 years indicating that some subjects were elderly
and the groups were not matched for gender. This is important as elderly
males have higher amounts of IAF. Lifestyle parameters such as diet, exer-
cise, smoking, and alcohol intake were not measured or indeed compared
between the two groups. Secondly, we are not given any indication as to
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how an individual was selected for scanning, as all of the controls and
patients recruited did not have an MRI scan. Thirdly, the authors did not
use the same scanning techniques as Seidell et al. (67). Thus, there were large
differences in terms of inversion and repetition times. Also, the most critical
aspect of using a single scan to estimate IAF is to ensure that the scan is
taken at the level of L4/5 which is located best by a (radiological) lateral
scout and not palpation as the authors reported doing. Furthermore, in con-
trast to what the authors claim, MRI is not a ‘‘precise and reliable means of
determining the two fat measures with better resolution than computed
tomography’’ as it can erroneously estimate the amount of IAF by 22%.
Finally, a one-way ANOVA should have been used to compare any differ-
ences among the three groups as the use of multiple t tests may have led to a
type 2 error.

In short, conclusions are difficult to draw from the studies presented,
though it is fair to say that first-episode, drug-na€��ve patients with schizophre-
nia appear to have higher rates of visceral fat distribution than appropriately
matched controls and that neither olanzapine or risperidone significantly
increase the levels of this fat deposit. These findings have not been supported
by Zhang et al. (66), possibly due to differences in methodology.

POTENTIAL REASONS FOR EXCESS INTRA-ABDOMINAL FAT
DISTRIBUTION IN FIRST-EPISODE SCHIZOPHRENIA

Lifestyle choices made by patients before they present to psychiatric services
may have influenced IAF distribution in which they took less strenuous
exercise and consumed less fiber and more saturated fat than matched con-
trols. However, a positive energy balance correlates poorly with increased
visceral fat stores and may not fully explain our findings (68). The role of
stress axis disturbance in the pathogenesis of abdominal obesity has been
increasingly recognized. In our studies we had measured cortisol, a crude
biological correlate of stress and found that it was significantly higher in
patients than in controls (62,65). Though not conclusive, there is consider-
able evidence that those with schizophrenia have hypothalamic–pituitary–
adrenal (HPA) axis abnormalities. Feedforward disturbance is indicated
by the following pieces of evidence, namely failure to lower plasma levels
of cortisol between midnight and four hours, elevated CSF levels of cortico-
tropin-releasing hormone (CRH), and pretreatment with dexamethasone
(which normally suppresses the HPA axis) leading to an increase in cortico-
tropin (ACTH) and cortisol in response to exogenously administered CRH
(20–22,24,69–72). Feedback disturbance is indicated by the failure of a
higher percentage of patients with schizophrenia to lower plasma levels of
cortisol during the dexamethasone suppression test, which is an indicator
of type 2 glucocorticoid receptor (GR) function (25,73). Further evidence
of GR dysregulation is indicated by the fact that dexamethasone-induced
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growth hormone responses are blunted in those with schizophrenia (27,74).
Dysregulation of this axis can result in hypercortisolaemia, as seen in our
patients with schizophrenia, which can lead to metabolic disturbance
including an increase in IAF deposition as previously documented in schizo-
phrenia and major depression (28,29,62,65,75,76).

Though olanzapine and risperidone induced a clear rise in BMI, this
was not accompanied by an increase in IAF deposition. This apparent dis-
crepancy might be explained by the relatively short interval between the
baseline and follow-up scans (six months), and by the fact that BMI does
not correlate well with IAF distribution. This fact is borne out by the obser-
vation that nonpsychiatrically ill patients with obesity had a BMI of
32.1 kg/m2 and IAF deposits of 88.5 cm2 as detected by CT scanning, which
was far less than our pretreatment group (IAF¼ 116.8 cm2; BMI¼ 24.6 kg/
m2) (41). Furthermore, the decrease in plasma levels of cortisol and the
increase in strenuous exercise taken may have mitigated against a significant
increase in IAF (61).

In essence we have shown that first-episode patients with schizophre-
nia who are psychotropic na€��ve have on average normal BMIs though
higher levels of visceral fat. In the general population it has been demon-
strated that such individuals are hyperinsulinemic, insulin resistant, dyslipi-
demic, and predisposed to type 2 diabetes and are termed ‘‘metabolically
obese’’ (77). It is clear from the articles of Heiskenan and Altmeras that
patients with schizophrenia have a higher prevalence of the metabolic syn-
drome and a greater atherogenic risk profile, though both groups used
a cross-sectional design and patients exposed to both typical and atypical
antipsychotic medications (50,78). Therefore, a critical question that still
requires an answer is whether the dyslipidemias, insulin resistance, hyperin-
sulinemia, and type 2 diabetes seen in schizophrenia predate the introduction
of medication.

PREDIABETES AND TYPE 2 DIABETES AND SCHIZOPHRENIA

In recent years, there has been an increasing body of literature highlighting
an association between atypical antipsychotic medication and type 2 dia-
betes in individuals with a diagnosis of schizophrenia (79,80). Though the
evidence appears compelling, it must be placed in context with a medical
literature reporting that schizophrenia and severe mental illness were asso-
ciated with glucose dysregulation prior to the introduction of antipsychotic
medication (81–84). Following the introduction of typical antipsychotics,
further reports of glucose dysregulation and diabetes were reported in indi-
viduals with schizophrenia (85–91). In addition, animal studies demon-
strated hyperglycemic properties of chlorpromazine, the first available
antipsychotic (92). However, there were significant methodological problems
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with these studies, as the diagnoses of schizophrenia and diabetes mellitus
were not standardized.

The latter has changed since the introduction of international standar-
dized diagnostic schedules for psychiatric disorders, the current schedules
being ICD-10 (WHO) and DSM-IV (APA) (93,94). Additional diagnostic
criteria for diabetes were developed in 1979 and in 1980; the latter were
updated in 1985 (95–97). In 1997, the American Diabetes Association
approved new diagnostic criteria for diabetes mellitus (98). These interna-
tionally accepted criteria allow comparability between studies leading to
greater clarity. The first study to use standardized oral glucose tolerance test-
ing and WHO criteria to screen patients with schizophrenia for diabetes, fol-
lowing the introduction of typical antipsychotics, showed the prevalence of
diabetes to be 8.8% among 420 patients and 5.0% among 312 sedentary office
workers (99). These findings were statistically significant and further analysis
of the data suggested that the effects of obesity, long-term antipsychotic
treatment, and the illness of schizophrenia were all possible factors in the
pathogenesis of diabetes. Another study by Mukherjee et al. (100) demon-
strated an increased prevalence of diabetes (15.8%) among individuals with
schizophrenia compared to the prevalence in the population (3.2%). The
subjects were treated with typical antipsychotics and an interesting fact
was that diabetes was more common in patients not receiving medication
at the time of the study. An expected association was that diabetes was
more common in the older age groups and did not occur in individuals
under the age of 50 years (100).

In order to establish the true prevalence of diabetes among individuals
with schizophrenia, it is important to examine some of the most recent lit-
erature on this topic. There has been a plethora of case reports and case ser-
ies linking schizophrenia, atypical antipsychotic medication use, insulin
resistance, diabetes, and diabetic ketoacidosis (52,79). The strongest associa-
tion between medication and glucose dysregulation has been reported to be
with clozapine and olanzapine, with some authors suggesting that there is a
true drug-induced effect, implying that atypical antipsychotics are the main
contributors to the increased risk (52,101). However, the authors qualify
their conclusions by stating that diabetes is more common in those with
schizophrenia regardless of any drug treatment (52). This fact was confirmed
by a review finding diabetes mellitus to be more prevalent among individuals
with schizophrenia than the general population prior to the widespread
introduction of atypical antipsychotics (102). Dixon et al. (102) reported a
lifetime prevalence for diabetes of 14.9% and a current prevalence of 10.9%
in persons with schizophrenia compared to a national prevalence of 1.2%
for persons aged 18 to 44 years and 6.3% for persons aged 45 to 64 years. In
addition to diabetes, researchers have reported hyperinsulinemia and insulin
resistance in association with schizophrenia and antipsychotic medication
(103,104). In a study by Melkersson et al. (103) patients treated with
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clozapine had elevated insulin levels with normal blood glucose levels. Using
a modified oral glucose tolerance test, Newcomer et al. (104) demonstrated
hyperglycemia and hyperinsulinemia in schizophrenia patients treated with
clozapine, olanzapine, and risperidone. The magnitude of glucose and insulin
response was largest for patients treated with olanzapine and there was no dif-
ference between healthy controls and patients treated with typical antipsycho-
tics. The groupswerematched forBMI, thereby implying that bodyweight did
not influence the results.Amajor criticismof this study is that glucosewas only
measured up to 75-minute postglucose load; thus there is a possibility that
glucose levels may have normalized if the correct 120-minute follow-up was
utilized. Moreover, others have been unable to replicate the findings of
Newcomer et al. (104) and Melkersson et al. (103). For instance, Gupta et al.
(105) have shown that the prevalence of diabetes, hypertension, and lipid dis-
turbance is equal between, and among, typical and atypical medications.
Furthermore, Koller et al. (106,107) and Koller and Doraiswamy (108)
reviewed FDA Med ‘‘Watch surveillance data with regard to olanzapine,
risperidone, and clozapine,’’ and concluded that new cases of diabetesmellitus
might be precipitated by such agents in already vulnerable individuals. Indeed,
most of the data published thus far has come from case reports and cross-
sectional epidemiological studies, with few prospective studies using subjects
who had been chronically exposed to antipsychotic medications.

However, in terms of studies recruiting drug-na€��ve, first-episode sub-
jects, there are three notable exceptions. The first is by Ryan et al. (109)
who found that, in comparison to an age-, sex- and BMI-matched control
group, over 15% of nonobese (BMI¼ 24.5�3.6) patients (n¼ 26) with
first-episode, drug-na€��ve schizophrenia had impaired fasting glucose.
Specifically, patients had higher fasting plasma levels of glucose
(5.32� 0.94mmol/L vs. 4.9� 0.29mmol/L), insulin (70.3� 27.9mmol/L
vs. 55.25� 26.55mmol/L), and cortisol (499.4� 161.4 nmol/L vs. 303.2�
10.5 nmol/L) than the healthy controls. Patients were also more insulin resis-
tant compared to controls (2.3� 1.0 vs. 1.7� 0.7) as measured by the home-
ostasis model assessment. In addition, patients had significantly lower
fasting plasma levels of cholesterol (4.02mmol/L vs. 4.57mmol/L) and
LDL (2.39 mmoI/L vs. 2.91 mmoI/L), though there were no significant dif-
ferences in plasma levels of triglycerides (0.99 nmol/L vs. 0.92 nmol/L) and
HDL (1.20mmol/L vs. 1.25mmol/L) between the groups.

Lieberman et al. (110) studied the effects of chlorpromazine (n¼ 80)
and clozapine (n¼ 80) in a Chinese cohort of treatment-na€��ve, first-episode
patients with schizophrenia over 52 weeks. From a metabolic perspective,
baseline levels of fasting plasma glucose were 4.8 (mmol/L) (chlorproma-
zine) and 4.7 (mmol/L) (clozapine) and were nonsignificantly increased to
5.5 and 5.3mmol/L, respectively, at 52 weeks despite significant increases
in weight from 60.3 to 68.8 kg for chlorpromazine and 61.6 to 71.5 kg for
clozapine. This study is important in that it prospectively examined the
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effects of the prototypical neuroleptics chlorpromazine and clozapine (an
agent which is believed to significantly increase weight and plasma glucose)
over a one-year period and found no significant metabolic derangement.
Shortcomings were the fact that there was no healthy control group and
patients’ diet and exercise habits were not recorded.

Zhang et al. (66) followed another Chinese cohort (n¼ 46) treated with
risperidone (n¼ 30), chlorpromazine (n¼ 15), or quetiapine (n¼ 1) over a 10-
week period. Although BMI increasedwith antipsychotic treatment from 20.5
to 22.2 kg/m2, plasma levels of fasting glucose decreased from 5.01 to
4.91mmol/L. Nonfasting glucose (samples taken two hours after breakfast)
rose significantly from6.34 to 7.18mmol/L; this is a nonstandardizedmeasure
and at best approximates to a random glucose, thereby making it within
normal limits. Though plasma levels of cholesterol (4.08–4.58mmol/L),
triglycerides (1.15–1.66mmol/L), and LDL (2.19–2.63mmol/L) were sig-
nificantly increased at study endpoint, they were still within normal limits.
Insulin levels increased from 18.65 to 25.65mmol/L in the whole sample,
but decreased in females from 30.53 to 25.92mmol/L. Thus, the authors’
conclusion of a drug-induced progression to the metabolic syndrome
would seem to be incorrect as they demonstrated that fasting levels of glu-
cose decreased in the subjects as a group and plasma insulin levels
decreased in female subjects despite an increase in BMI.

In sum, the studies of prediabetes and type 2 diabetes conducted in first-
episode schizophrenia patients have provided conflicting results, which may
be due to methodological differences, and possibly flaws, as described above.
These matters notwithstanding, it is clear that patients with schizophrenia
are at a higher risk of developing type 2 diabetes.

POTENTIAL REASONS FOR INCREASED PREVALENCE OF TYPE 2
DIABETES IN FIRST-EPISODE SCHIZOPHRENIA

It has been found that 18% to 30% of patients with schizophrenia have a
family history of type 2 diabetes, as opposed to 1.2% to 6.3% within the
general population. Due to medication, these two illnesses may share a
common pathophysiology beyond that (111). Although increasing age cor-
relates with a higher risk of diabetes, a recent study showed that individuals
with schizophrenia have a tendency to develop comorbid diabetes at a
younger age (52,112). Sernyak et al. (112) found the prevalence of diabetes
to be 8.75% in patients younger than 40 years and concluded that atypical
antipsychotics may hasten the onset of diabetes in individuals with a dia-
thesis for this disease rather than precipitating diabetes de novo. Yet
another risk factor appears to be race; epidemiological studies have shown
that the risks for diabetes in African Americans, Hispanics, and Native
Americans are approximately 2, 2.5, and 5 times greater, respectively, than
in Caucasians (113). Little research has examined the influence of race on
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the relationship between schizophrenia and diabetes. Physical activity plays
a major role in glucose metabolism with exercise promoting leanness, low-
ering blood glucose levels, and improving insulin sensitivity (113). As dis-
cussed earlier, individuals with schizophrenia exercise less than the
general population.

Various physiological mechanisms have been proposed to account for
the increased risk of diabetes among individuals with schizophrenia. One
such mechanism involves the satiety hormone leptin, which is produced
by adipocytes and is elevated in patients receiving antipsychotics
(114,115). As increased leptin levels are associated with insulin resistance,
it is possible that increased leptin is another mechanism leading to type 2
diabetes (116). Serotoninergic systems are involved in glucose and insulin
homeostasis; the impact of antipsychotic medication, particularly atypical
antipsychotics, on this receptor system may contribute to glucose dysregula-
tion as there is evidence from animal studies that antagonism of 5HT2
receptors elicits hyperglycemia and weight gain (117–119). However, con-
clusive evidence of a similar process occurring in humans is as yet lacking
and the effects of blockade at multiple serotonin receptor sites on glucose
metabolism are poorly understood (118).

Chronic activation of the HPA axis has been posited to increase the
likelihood of hyperglycemia in schizophrenia as is seen within the general
population (120). Importantly, this is not the same as stating that ‘‘acute
stress of psychosis’’ is responsible for glucose dysregulation (121). The
design of the study postulating this mechanism had major flaws, making
it difficult to draw any firm conclusions from the findings presented. For
instance, ‘‘acute psychotic stress’’ is not defined within DSM-4 and diagnos-
tic criteria were not used to confirm the diagnoses of ‘‘chronic or paranoid
schizophrenia’’ (94). Severity of illness was defined as a subjective impres-
sion of patients’ ‘‘stress,’’ as documented using a seven point Clinical Global
Impression (CGI) scale, yet such a scale is without adequate validation.
According to their CGI scores, patients were divided into ‘‘low and high’’
categories after which significant differences began to emerge. The ‘‘low
and high’’ scores were either �6 or > 6 (the maximum being seven), respec-
tively. Therefore, the authors compared the most extremely ill patients with
all of the other patients and lastly, the cut-off figures were picked arbitrarily
with no scientific reasons given for doing so.

Finally, much has been written about the positive association between
low birth weight and the subsequent development of schizophrenia (122).
This hypothesis of fetal origin is not exclusive to schizophrenia as those
who develop the metabolic syndrome later in life also have a history of
low birth weight, indicating that these phenotypes may share a common
insulin-resistance genotype (123). Thus, both schizophrenia and glucose
dysregulation may share a common pathophysiology which may become
unmasked upon exposure to various iatrogenic factors or lifestyle choices.
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SUMMARY

To date, evidence from the preantipsychotic era or first-episode psychosis
patients does not allow us to categorically conclude exactly what mechan-
isms underlie the increasing incidence of obesity and diabetes observed in
schizophrenia. What is clear is that visceral obesity and prediabetic states
such as impaired fasting glucose and the metabolic syndrome may be pre-
sent at the time of diagnosis, which implies that they may occur indepen-
dently of the use of antipsychotic medication. This is important as it
indicates the need for appropriate screening of patients with schizophrenia
irrespective of the type of medication considered or used. Leaving aside
the potential role of medication, the associations between schizophrenia
and such metabolic dysregulation may be explicable in terms of lifestyle
choices (diet, exercise), chronic stress as evidenced by the observed abnorm-
alities of the HPA axis, low birth weight, and neurochemical disturbances.
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Despite being a focus of scientific study for over 50 years, the nature of the
relationship between obesity and mood disorders remains obscure (1–21).
Thus, community studies of depressive symptoms and mood syndromes in
persons with obesity have found normal, decreased, and increased rates,
whereas studies of persons with mood disorders show that some have anor-
exia and weight loss while others have hyperphagia and weight gain
(2,3,12,21–34).

The obscurity surrounding the relationship between obesity and mood
disorders exists despite growing research showing that both conditions
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are increasingly severe public health problems that significantly overlap in
treatment-seeking populations (21,35–49). Depressive symptoms and mood
disorders are common in persons of all ages seeking treatment for obesity,
and frequently co-occur with many of the general medical conditions
associated with obesity, including type 2 diabetes, coronary artery disease,
cerebrovascular disease, hypertension, chronic pain, and asthma (50–64).
Conversely, weight gain, overweight, and obesity are common in children
and adults seeking treatment for mood disorders (11,65,66).

The degree, nature, and causes of this overlap between obesity and
mood disorders in clinical populations are not understood. Since obesity
and mood disorders are each becoming increasingly severe public health
problems, they may be co-occurring to a greater degree simply by chance
alone. Since many of the drugs used to treat mood disorders are associated
with weight gain, whereas some of the drugs used to treat the general medi-
cal conditions that co-occur with obesity may induce mood symptoms,
iatrogenic factors may be contributing to the co-occurrence of obesity
and mood symptoms (66–68). However, recent epidemiologic studies,
which used modern definitions and assessments of obesity and major
depressive episodes, have been more likely to find associations between
obesity and depression in community samples than older studies, which
did not use such methods (7,16,21). Since family history, twin, and genetic
data indicate that obesity and mood disorders are each likely to be hetero-
geneous, complex genetic diseases, the findings of such obesity––major
depressive episode associations in the community suggest that obesity
and mood disorders could be related, including by shared inherited patho-
genic factors (69–75).

Despite growing studies on the epidemiology of body weight on the
one hand and mental disorders on the other, along with mounting clinical
and epidemiologic evidence that these conditions frequently coexist, no
major epidemiologic study has yet evaluated the co-occurrence of obesity,
as assessed using the methods of the National Institutes of Health (NIH),
with the full range of mood disorders, as defined by DSM-IV or other
widely accepted operational diagnostic criteria (76,77). To elucidate present
knowledge about the relationship between obesity and mood disorders,
therefore, we first briefly compare studies of the epidemiology of these
two conditions. We then review studies of mood (depressive and bipolar)
disorders in obesity (and the obesity-related conditions overweight, abdom-
inal obesity, and the metabolic syndrome) and, conversely, of obesity in
mood disorders. We also compare studies of the phenomenology, psychia-
tric and general medical comorbidity, family history, neurobiology, and
treatment response of obesity with similar studies of mood disorders. We
conclude by discussing some of the implications of a relationship between
obesity and mood disorders.
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EPIDEMIOLOGY OF OBESITY AND MOOD DISORDERS:
A BRIEF OVERVIEW

Epidemiological studies consistently find that obesity and mood disorders
are each highly prevalent in the general population (35–41,43,45,47–49).
Importantly, estimates of the general population prevalence rates of both
conditions are dependent on the diagnostic criteria applied and the ascer-
tainment methods used. Thus, the behavioral risk factor and surveillance
system, a national survey in which participants reported their weights, esti-
mated that the combined incidence of obesity (BMI� 30) and overweight
(BMI 25–29.9) among adults in the United States increased from 12% and
45% in 1991 to 21% and 58% in 2001, respectively. The prevalence of severe
(class 3) obesity (BMI� 40) increased from 0.9% in 1991 to 2.3% in 2001.
Using data from the National Health and Nutrition Examination Surveys
(NHANES), in which respondents were weighed, obesity and overweight
increased in prevalence from 22.9% and 55.9% in 1988–1994 to 30.5% and
64.5% in 1999–2000, respectively. Among adults aged at least 20 years in
2001–2002, 65.7% were overweight or obese, 30.6% were obese, and 5.1%
were severely obese. Taken together, these data suggest obesity is common,
increasing, and underreported in the general population.

Rates of obesity (defined as > 95th percentile of the sex specific BMI
for age growth charts) have also increased in children and adolescents over
the past decade (40,41). Although the percentages of obese children and
adolescents were relatively stable over NHANES I (1971–1974) and II
(1976–1980), they doubled to 11% during NHANES III (1988–1994) and
increased to 15.5% during NHANES IV (1999–2000). Specifically, 15.5%
of youths ages 6 to 19 were obese and 10.4% of children ages 2 to 5 were
obese (41). As with adults, however, rates of overweight and obesity were
stable between 1999–2000 and 2001–2002.

The first major epidemiologic study to assess the prevalence of mental
disorders in the general population of the United States, the epidemiologic
catchment area (ECA) study, conducted from 1980 to 1985, estimated the
lifetime prevalence for any mood disorder in adults aged 18 and older to
be 7.8% using the Diagnostic Interview Schedule (DIS) (43). The one-month
and one-year prevalence rates were 2.4% and 3.7%, respectively. Mood dis-
orders assessed were major depression, dysthymia, bipolar I disorder, and
bipolar II disorder by DMS-III criteria; their lifetime prevalence rates were
5%, 3%, 0.8%, and 0.5%, respectively.

From 1990 through 1992, the first nationally representative survey of
mental disorders, the National Comorbidity Survey (NCS), was conducted
in the United States using a method similar to the ECA (45). The Composite
International Diagnostic Interview (CEDI) was used to assess mental disor-
ders by DSM-III-R criteria in 8098 respondents aged 15 to 54 years. The
NCS estimated that more people had a mood disorder than the ECA did,
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with 17.1% of respondents meeting lifetime DSM-III-R criteria for a major
depressive episode, 14.9% for a nonbipolar major depressive disorder, 1.6%
for bipolar I disorder, and 19.3% for any mood disorder. The one-year pre-
valence rates of major depressive episodes and anymood disorder were 10.3%
and 11.3%, respectively. The National Comorbidity Survey replication study
(NCS-R) was conducted in 2001–2002 with a methodology similar to the
first NCS, except DSM-IV criteria were used (49). The NCS-R found a life-
time prevalence of major depressive disorder of 16.2% in persons aged
18 years and older in the United States, with a one-year prevalence of
6.6%. (Rates for other mood disorders were not reported at the time this
chapter went to press.) Similar to the ECA study, both the NCS and
NCS-R found mood disorders to be chronic conditions associated with ele-
vated rates of other Axis I disorders (especially anxiety and substance use
disorders) and functional impairment. However, none of these major studies
reported anthropometric measures.

Jonas et al. (48) used data from the NHANES-III to estimate the life-
time prevalences of major depressive episodes, dysthymia, and bipolar
disorder in the United States general population from 1988 through 1994.
During this period, 7667 (89.1%) of 8602 surveyed men and women 17 to
39 years of age completed DIS interviews. The following lifetime prevalence
estimates were obtained: 8.6% for major depressive episodes; 7.7% for major
depressive episodes ‘‘with severity’’; 6.2% for dysthymia, 3.4% for severe
major depressive episodes with dysthymia; 1.6% for bipolar I and II disor-
ders combined; and 11.5% for any mood disorder. Although the same
(DSM-III) diagnostic criteria were used, all estimates except those for major
depressive episodes and severe major depressive episodes were higher than
comparable ECA estimates. [As discussed later, this study also assessed
anthropometric measures, but only reported the overlap of obesity and
major depressive episodes (16)].

Epidemiologic studies suggest that major depression is rare among
children, but common among adolescents, with up to a 25% lifetime preva-
lence by the end of adolescence (47,78). In the NCS, DSM-III-R major
depression among adolescents aged 15 to 18 years was estimated to be
14%, with an additional 11% estimated to have minor depression (79).
Moreover, pediatric bipolar disorder is probably more common than once
realized, occurring with a 1% to 2% lifetime prevalence in older adolescents
as currently defined by DSM criteria (47,80,81). Although the illness may
present as bipolar I disorder in children and adolescents, one of the few
epidemiologic studies conducted in this age group showed that it is much
more likely to present as bipolar II disorder and cyclothymia, so-called soft
spectrum forms of the illness (81). Moreover, in this study, Lewinsohn et al.
(78–81) found an additional 5.0% of individuals had experienced subthres-
hold bipolar disorder––that is, a distinct period of elevated, expansive, or
irritable mood plus one other core manic symptom without ever having

44 McElroy et al.



met full criteria for a DSM-III-R bipolar disorder. Like adolescents with
syndromal depressive and bipolar disorders, those with subthreshold bipolar
disorder had high rates of other comorbid Axis I disorders, impaired func-
tioning, and suicide attempts (80).

Of importance is that only one of the major American epidemiologic
studies described above has reported information on hypomania, bipolar
II disorder, and subthreshold manic/hypomanic symptoms in adults at this
time. A reanalysis of the first 18,252 respondents in the ECA study showed
that 5.1% of the subjects had lifetime subsyndromal manic/hypomanic
symptoms––a number very similar to that found in Lewinsohn et al.’s (81)
study in adolescents —thereby increasing the prevalence of the full spectrum
of bipolar disorders in the ECA to 6.4% (82). These data, along with find-
ings from other groups, have shown that hypomania, bipolar II disorder,
and subthreshold forms of bipolarity (e.g., hypomania of two days dura-
tion) are substantially more common than mania and bipolar I disorder
in adults as well as adolescents (83,84). In both age groups, these soft and
subthreshold presentations of bipolar disorder are frequently misdiagnosed
as major depressive disorder and other unipolar depressive disorders (80,85).
Importantly, substantial epidemiologic, phenomenologic, course of illness,
family history, genetic, and treatment response evidence has shown that
recurrent major depression may be related to bipolar disorder, and that both
conditions may belong to the larger diagnostic category of manic-depressive
illness (72,84,86). Thus, it should be realized that the diagnostic and etiolo-
gic boundaries between recurrent major depression and bipolar disorder are
not yet completely understood, and that the relationship between unipolar-
ity and bipolarity may have important implications when interpreting
research on the relationship between obesity and mood disorders. This is
especially important when assessing community studies of depression in
obesity, because the vast majority of these studies assessed depressive symp-
toms or episodes but not mood disorders.

Another important issue is that many major psychiatric epidemiology
studies, including the ECA, NCS, and NCS-R, have found the cumulative
lifetime prevalence of mood disorders to be significantly greater in persons
born in earlier than later generations (42–45,48,49). Although age-related
differential recall, differential willingness to disclose, differential mortality
(persons with mood disorders are less likely to survive to older age), or other
methodologic factors could account for this finding, a true increase in the
prevalence of mood disorders in recent cohorts (a birth cohort effect) has
not been disproven. Indeed, this trend has also been reported in epidemio-
logic studies from nine other countries and in the relatives of probands with
depressive and bipolar disorders (44,87,88).

Taken together, these data suggest that, like obesity, mood disorders
are common, probably under reported, and possibly increasing in preva-
lence. Yet another potential similarity between these conditions is their
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gender distribution. In the NHANES III, more women than men were in obe-
sity classes two and three, whereas more men than women were overweight
(BMI� 25) (39). There was no difference in gender distribution in the preva-
lence of obesity in children and adolescents ages 6 to 19. Most psychiatric epi-
demiologic studies, including the ECA, NCS, and NCS-R, have shown that
major depressive disorder is about two to three timesmore prevalent in females
than in males, whereas bipolar disorder is equally common in the two genders
(89). Of interest, this gender difference for depression emerges in early adoles-
cence (ages 11 to 15 years) and persists through at least the mid-50s.

Despite the high prevalence of both obesity and mood disorders in the
general population, the fact that the prevalence of obesity is increasing, the
fact that a birth cohort effect has been consistently demonstrated for depres-
sive and bipolar disorders, and the potentially similar gender distribution
between the more severe forms of obesity and major depressive disorder,
it is notable that no major epidemiologic study has yet assessed the co-
occurrence of all classes of obesity and the full range of mood disorders
using optimal techniques. The relationship between these two widely preva-
lent conditions at this time must therefore be gleaned from available studies
of mood disorders in obesity and conversely, from studies of obesity in
mood disorders. These studies, however, are limited by their methodolo-
gies—the former regarding the diagnosis of mood disorders, because the full
range of mood disorders (especially the full spectrum of bipolar disorders
and the milder forms of depressive disorders) was rarely determined, and
the latter regarding the diagnosis of obesity and related conditions, because
weight and other anthropometric variables were rarely measured. [Of note,
although there have been many studies of depressive symptoms in obesity,
we are focusing this chapter on studies of mood disorders and obesity
because self-report screening scales significantly underdiagnose cases of
major and minor depression (3,90,91). Moreover, they rarely assess manic
or hypomanic symptoms.]

CLINICAL STUDIES OF MOOD DISORDERS IN
PATIENTS WITH OBESITY

To date, at least 15 studies have evaluated syndromal mood disorders using
operational diagnostic criteria in obese persons seeking weight loss treat-
ment (Table 1) (50,54,92–104). The rates of mood disorders in these studies
ranged from a low of 8% to a high of 60%, with a weighted average of 29%.
Nine of these studies also used clinician-administered structured diagnostic
interviews to assess mood disorders; 217 (33%) of 666 patients met criteria
for a mood disorder in these studies, compared with 121 (25%) of 491
patients in the six studies that did not use such interviews (Table 1).

Only two of these studies used control groups as well as operationa-
lized diagnostic criteria and clinician-administered structured interviews in
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assessing mood disorders in their subjects (50,54). Both studies found
significantly elevated rates of mood disorders in severely obese patients com-
pared with normal weight controls. In the first study, Black et al. (50) found
significantly higher lifetime rates of major depression (19% vs. 5%) and any
mood disorder (31% vs. 9%) by DSM-III criteria in 88 consecutive ‘‘mor-
bidly’’ obese patients seeking bariatric surgery compared with 76 normal
weight controls (50). Four (4.5%) of the obese patients had lifetime mania
or atypical bipolar disorder compared with none of the control subjects.
In the second study, Britz et al. (54) found that 20 (43%) of 47 adolescents
and young adults receiving inpatient treatment for extreme obesity (mean
BMI¼ 42.4) met DSM-IV criteria for a lifetime mood disorder, compared
with eight (17%) of 47 obese population controls (mean BMI¼ 29.8) and
247 (15%) of 1608 general population controls (54). Among the obese
patients, 14 (30%) had a depressive disorder (11 with major depression
and three with dysthymia) and five (11%) had a bipolar disorder (one with
bipolar I and four with bipolar II). The authors noted that bipolar II disor-
der was especially elevated in patients (8.5%) as compared to controls
(0.5%). The rates of mood disorder between the obese patients and the obese
population controls and, as discussed below, the obese controls and the gen-
eral population controls did not differ. Of note, because the mean BMI of
the obese patient group was significantly higher than that of the obese popu-
lation controls, it is unknown if the higher rate of mood disorders in the
patient group was related to their severe obesity or their treatment-seeking
behavior.

COMMUNITY STUDIES OF MOOD DISORDERS IN OBESITY

To date, six studies have used operational diagnostic criteria to assess mood
episodes or disorders in community samples with obese or overweight
persons (7–10,13,16,54,105). Only one of these studies assessed the full range
of lifetime DSM-IV mood disorders (54); the others assessed current, past-
year, or lifetime major depressive episodes. An additional study evaluated
major depressive episodes in persons with the metabolic syndrome (106).
Each study is described in detail below.

In the largest study, Carpenter et al. (7) used the Alcohol Use Disorders
And Associated Disabilities Interview Schedule (AUDADIS) to assess the
relationships among weight, obesity, suicide ideation and attempts, and
past-year DSM-IV major depressive episodes in 40,086 persons aged 18 years
and older. The AUDADIS was administered by trained lay interviewers and
weight and height were assessed by self-report. Bivariate analysis of weight
data showed that BMI was significantly associated with past-year major
depression via a U-shaped relationship, such that relatively high- and low-
BMI values were associated with an increased probability of past-year
depression.
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Unadjusted analyses of weight status showed that, compared with aver-
age-weight respondents (BMI 20.78 to 29.99), obese respondents (BMI� 30)
had increased odds of suicide ideation (but not of major depression or suicide
attempts), whereas underweight respondents (BMI < 20.77) had increased
odds of past-year depression and suicide ideation. Adjusted analyses,
however, showed that the relationship between weight and depression was
affected by gender. Among women, increased BMI was associated with both
depression and suicide ideation. Among men, decreased BMI was associated
with depression, suicide attempts, and suicide ideation. Similarly, relative to
average weight, obesity was associated with increased odds of past-year
depression among women (OR¼ 1.37; 95% CI¼ 1.09, 1.73) but decreased
odds of past-year depression among men (OR¼ 0.63; 95% CI¼ 0.60, 0.67).
Furthermore, relative to average weight, underweight was associated with
increased odds of suicide ideation and suicide attempts in men but not
women. A limitation of the study was that 45% (n¼ 12,737) of the partici-
pants in the average-weight group would be categorized as overweight
according to NIH Guidelines (76).

In the second largest study, conducted from 1988 to 1994, Onyike et al.
(16) analyzed data from 8410 randomly chosen persons from the NHANES
III survey aged 15 to 39 years who had been evaluated with the mood dis-
order section of the DIS, and who had their height and weight measured.
Respondents were assigned diagnoses of past-month DSM-III major
depression (the primary measure), past-year depression, and lifetime depres-
sion. They were also grouped into four or six BMI categories. The four-
category division was underweight (BMI < 18.5), normal weight (BMI
18.5 to 24.9), overweight (BM 25.0 to 29.9), and obese (BM� 30). In the
six-category division, the obese category was subdivided into obesity class
1 (BMI 30.0 to 34.9), obesity class 2 (BMI 35.0 to 39.9), and obesity class
3 (BMI� 40). The sample was 53.9% normal weight, 3.7% underweight,
26.1% overweight, and 16.3% obese.

The prevalence of past-month depression was higher in obese subjects
(5.1%) than in normal-weight subjects (2.8%). Moreover, there was hetero-
geneity in the prevalence rates of depression in obese subjects, with the high-
est rates occurring in class 3 obesity (12.5%). Prevalence rates for depression
in the underweight (3.2%) and overweight (2.4%) groups were similar to
those in the normal-weight group (2.8%). Among women, depression rates
increased with increasing levels of obesity. Among men, depression rates
were lowest in class 2 obesity (0.8%) and highest in class 3 obesity (11.5%).

Unadjusted odds ratios showed that obesity (BMI� 30) was asso-
ciated with past-month major depression in women (OR¼ 1.82, 95% CI:
1.01, 3.3) but not in men (OR¼ 1.73, 95% CI¼ 0.56, 5.37), whereas class
3 obesity was associated with past-month major depression in women and
men combined (OR¼ 4.98,95% CI: 2.07,11.99). The latter association
remained strong after controlling for age, education, marital status,
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physician’s health rating, dieting, psychiatric medication use, smoking, and
drug use. Class 3 obesity was also associated with past-month major depres-
sion in women alone (OR¼ 3.78, 95% CI: 1.64, 8.68) and men alone
(OR¼ 7.68, 95% CI: 1.03, 57.26), and with lifetime depression in women
(OR¼ 2.15, 95% CI¼ 1.17, 3.92), though these odds ratios were not signifi-
cant. In addition, there was a trend in women for higher odds ratios
with increasing levels of obesity for past-month, past-year, and lifetime
depression.

Adjusted odds ratios showed that class 3 obesity was significantly
associated with depression (OR¼ 4.63, 95% CI: 2.06,10.42). Similar results
were obtained for women but there were too few men with class 3 obesity
and depression for multiple comparisons. Female gender, current smoking,
and use of psychiatric medications were also associated with depression in
these analyses. Post hoc analyses showed no evidence of interaction between
gender or age and obesity in the association with depression.

In another study, Roberts et al. (8–10) used the Prime-MD, a self-
report instrument, to evaluate 1886 survey respondents, aged 50 years and
older, from Alameda County, Texas, in 1994 and 1999, to determine
whether subjects met current (past two week) DSM-IV criteria for a major
depressive episode. Height and weight were also determined by self-report.
Obesity (BMI > 30) was associated with current major depressive episodes
in both 1994 and 1999. Specifically, the prevalence ratio for depression
among the obese was 1.83, with a 95% CI¼ 1.33,2.53. In addition, obesity
in 1994 was associated with increased risk of depression in 1999, even after
controlling for depression at baseline (OR ¼ 2.01, 95% CI¼ 1.25,3.25). No
gender differences were found in the relationship between obesity and
depression.

To identify age-related developmental trajectories of obesity and their
psychiatric correlates, Mustillo et al. (13) evaluated 991 rural white children-
ages 9 to 16 years from the Great Smoky Mountains area annually over an
eight-year period for weight, height, and psychiatric disorders. The Child
and Adolescent Psychiatric Assessment was used to assess DSM-IV depres-
sive disorders, as well as conduct disorder, oppositional defiant disorder,
anxiety disorders, bulimia, substance abuse, and attention-deficit/hyper-
activity disorder. Bipolar disorder was not assessed. Height and weight
were measured. The authors identified four developmental trajectories of
obesity: no obesity (72.8%), chronic obesity (14.6%), childhood obesity
(5.1%), and adolescent obesity (7.5%). Bivariate analyses showed that those
with childhood obesity and chronic obesity were significantly more likely
than those without any history of obesity to have depression and opposi-
tional defiant disorder. Depression was more common in chronically obese
boys (OR: 37; 95% CI: 1.3 to 10.2), but not girls, and oppositional disorder
was more common in chronically obese boys and girls (OR: 2.5; 95% CI:
1.36 to 4.61).
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In a study of the correlates of binge eating behavior, Bulik et al.
(105) reported that of 169 obese (self-reported BMI� 30) women from a
community sample of 2163 female twins, 34% met lifetime criteria for
DSM-III-R major depression as assessed with a modified version of the
Structured Clinical Interview for DSM-II1-R. Although this rate is higher
than those reported in women in the ECA and NCS studies (7% and 21%,
respectively), the rate of major depression for the entire sample was not
provided.

In the only negative study, which we described earlier, Britz et al. (54)
compared rates of DSM-IV mood (depressive and bipolar) disorders,
assessed with the M-CIDI, across a clinical group of 47 extremely obese
adolescent and young adult inpatients (mean BMI 42.4), a group of 47
gender-matched, population-based obese controls (mean BMI 29.8), and a
population-based control group of the same age range (n¼ 1608; 788 males).
Although the rate of mood disorders was significantly higher in the clinical
group (42.6%) than in both control groups, there were no differences in the
rates of mood disorders between the population-based obese control
subjects (17.0%) and the population controls (15.4%). A limitation of this
study was the fact that the mean BMI of the population-based obese
controls was significantly lower than that of the clinically obese subjects.

In the study of mood disorder in metabolic syndrome, Kinder et al.
(106) evaluated 3186 men and 3003 women from the NHANES III survey
aged 17 to 39 years for the presence of a lifetime major depressive episode
by DSM-III-R criteria with the DIS, and for the presence of the metabolic
syndrome as defined by ATP III. Only subjects free of coronary heart dis-
ease and diabetes were analyzed. Women with a lifetime major depressive
episode were twice as likely to have the metabolic syndrome compared with
those with no history of depression. The relationship between depression
and metabolic syndrome remained after controlling for age, race, education,
smoking, physical inactivity, carbohydrate consumption, and alcohol use.
By contrast, men with a lifetime major depressive episode were not signifi-
cantly more likely to have the metabolic syndrome.

In sum, the most methodologically sound clinical studies of mood dis-
orders in obesity have found a positive relationship between obesity and
both major depressive and bipolar disorders in females and males (50,54).
Three of the six community studies of mood episodes or disorders in obesity
found a positive relationship between obesity and current or past-year major
depressive episodes in women, but inconsistent results in men, with a nega-
tive relationship in men aged 18 years and older, no relationship in men aged
15 to 39 years, and a positive relationship in men aged 50 years and older
(7–10,16). However, in the study with no relationship, further analysis
showed an association between class 3 obesity and depressive episodes in
men and women combined (16). The other three studies were possibly
positive regarding a relationship between obesity and DSM-III-R major
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depression in women; positive regarding a relationship between chronic
obesity and depression in boys; and negative regarding a relationship
between the full spectrum of DSM-IV mood disorders and obesity in ado-
lescents and young adults (13,54,105). The two prospective studies found
positive relationships between obesity and depression—one in adults 50
years and older and the other in adolescent males (8–10,13). The one com-
munity study of mood disorder in persons with metabolic syndrome found
a positive relationship with major depressive episodes in women but not in
men (106).

The disparate results of these studies are likely due to methodological
differences among the studies and to differential effects of various factors,
and interactions among these factors, on the relationship between obesity
and mood disorders (21). For example, both the definition of obesity and
gender may affect the relationship between obesity and major depressive dis-
order. Thus, Onyike et al. (16) found that obesity defined as a BMI� 30 was
associated with past-month depression in women but not in men, whereas
class 3 obesity (BMI > 40) was associated with past-month depression in
women and men. Moreover, gender’s effect on the relationship between obe-
sity and mood disorders may be affected by age. Thus, a relationship
between obesity and depression in males but not females was found by Mus-
tillo et al. (13), who evaluated children 9 to 16 years of age, whereas the
opposite was found by Carpenter et al. (7) and Onyike et al. (16), who
assessed subjects aged 18 years and older and aged 15 to 39 years, respec-
tively. By contrast, in the Roberts et al. (8–10) study, which included sub-
jects aged 50 years and older, no gender effects were found.

STUDIES OF OBESITY IN MOOD DISORDERS

At least 20 studies have evaluated rates of obesity or obesity-related condi-
tions (e.g., overweight, abdominal obesity, or visceral fat deposition) in per-
sons with syndromal mood disorders. Twelve of these studies used clinical
samples, eight used community samples, and five used prospective designs
(4,8–11,17,27,33,107–116,119–122). These studies are described in detail
below.

CLINICAL STUDIES OF OBESITY IN MOOD DISORDERS

One prospective and 11 cross-sectional studies evaluated obesity (or a
related condition) in patients with mood disorders.

In the prospective study, Pine et al. (11) followed two age- and sex-
matched groups of children 6 to 17 years old with major depression
(N¼ 90) or no psychiatric disorder (N¼ 87) for 10 to 15 years with standar-
dized psychiatric evaluations. Childhood major depression was significantly
positively associated with adulthood BMI, and this association persisted
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after controlling for age, gender, substance use, social class, pregnancy, and
medication exposure. Specifically, children with major depression had a
higher mean BMI as adults (26.1) than control children (24.2). In addition,
a bivariate logistic analysis showed that childhood depression predicted a
two-fold increased risk for adult overweight status. Duration of depression
between childhood and adulthood was associated with adult BMI, but this
was not found for gender, change in eating patterns occurring with depres-
sive episodes, diet, or medication use. Also, BMI did not differ between
subjects who were or were not currently depressed at the time of the adult
assessment.

The 11 cross-sectional studies are difficult to compare due to their dif-
ferent methodologies, including the use of different patient populations and
different definitions of obesity and of mood disorders. Thus, nine studies
reported rates of overweight or obesity in various mood disorder patients,
whereas two explored visceral fat deposition in normal weight women with
major depressive disorder (33,107–116). Rates of obesity in the first nine stu-
dies ranged from a low of 5.7% in a group of male and female patients with
major depressive disorder participating in a phase IV antidepressant trial to
a high of 67% in a group of mixed mood disorder patients, also of both gen-
ders, from Germany (Table 2) (33,107). Four of these studies, described
below, used comparison groups.

In 1979, Muller-Oerlinghausen et al. (107) reported that 49 stable mood
disorder patients receiving lithium maintenance therapy (29 with bipolar
disorder) had a significantly higher rate of ‘‘severe obesity’’ (BMI > 30;
12%) than the expected general population rate (5.7%). In 2000, Elmslie et
al. (110) compared the prevalence of overweight, obesity, and abdominal
obesity in 89 euthymic outpatients with bipolar I disorder (87% of whom
were receiving pharmacologic maintenance treatment) to that of 445 age-
and sex-matched community control subjects in New Zealand. Female
patients had significantly higher prevalence rates of overweight (44% vs.
25%), obesity (20% vs. 13%), and abdominal obesity (59% vs. 17%) than
female control subjects. Male patients had significantly higher rates of obe-
sity (19% vs. 10%) and abdominal obesity (58% vs. 35%), but the rates of
overweight between male patients (29%) and control subjects (43%) were
not significantly different. Similarly, in 2002, McElroy et al. (111) assessed
the prevalence of overweight and obesity in 644 outpatients with bipolar dis-
order, types I and II, in both the United States and Europe; 57% of the total
group was overweight or obese, with 31% overweight (BMI 25 to 29.9), 21%
obese (BMI 30 to 39.9), and 5% extremely obese (BMI� 40). Compared with
rates from the NHANES III, female bipolar patients from the United States
had higher rates of obesity and extreme obesity, but lower rates of over-
weight, than reference women. Male bipolar patients from the United States
had higher rates of overweight and obesity, but not extreme obesity, than
reference men.

Obesity and Mood Disorders 55



T
ab

le
2

C
li
n
ic
a
l
S
tu
d
ie
s
o
f
O
b
es
it
y
(a
n
d
R
el
a
te
d
W
ei
g
h
t
D
is
o
rd
er
s)

in
P
a
ti
en
ts

w
it
h
M
o
o
d
D
is
o
rd
er
s

S
tu
d
y

P
a
ti
en
ts

D
efi
n
it
io
n
o
f
w
ei
g
h
t
ca
te
g
o
ri
es

F
in
d
in
g
s

M
u
ll
er
-

O
er
li
a
g
h
a
u
se
n

et
a
l.
,
1
9
7
9
(1
0
7
)

4
9
p
a
ti
en
ts
w
it
h
b
ip
o
la
r
d
is
o
rd
er

(N
¼
2
6
),
m
a
jo
r
d
ep
re
ss
io
n

(N
¼
1
4
),
S
A
D

(N
¼
8
),
a
n
d

u
n
cl
a
ss
ifi
ed

(N
¼
l)

O
b
es
it
y
fo
r
fe
m
a
le
s:
B
M
I
2
4
–
3
0
;

O
b
es
it
y
fo
r
m
a
le
s
¼
B
M
I
2
5
–
3
0
;

S
ev
er
e
o
b
es
it
y
¼
B
M
I
�
3
0

3
3
(6
7
%
)
w
er
e
o
b
es
e
(4
3
%
)
o
r
se
v
er
el
y

o
b
es
e
(2
4
%
)

B
er
k
en

et
a
l.
,
1
9
8
4

(1
0
8
)

4
0
o
u
tp
a
ti
en
ts

w
it
h
m
a
jo
r

d
ep
re
ss
io
n

N
o
t
p
ro
v
id
ed

2
5
%

w
er
e
o
b
es
e
p
ri
o
r
to

T
C
A

th
er
a
p
y

S
h
io
ri
et

a
l,
1
9
9
3

(1
0
9
)

1
0
6
Ja
p
a
n
es
e
in
p
a
ti
en
ts

w
it
h

D
S
M
-I
II

m
a
jo
r
d
ep
re
ss
io
n

N
o
t
p
ro
v
id
ed

P
a
ti
en
ts
’
b
o
d
y
w
ei
g
h
t
d
is
tr
ib
u
ti
o
n
o
n

a
d
m
is
si
o
n
h
a
d
si
g
n
ifi
ca
n
tl
y
m
o
re

in
d
iv
id
u
a
ls
in

th
e
u
n
d
er
w
ei
g
h
t
g
ro
u
p
s

co
m
p
a
re
d
w
it
h
a
st
a
n
d
a
rd

d
is
tr
ib
u
ti
o
n

fr
o
m

th
e
g
en
er
a
l
p
o
p
u
la
ti
o
n
.
A
ls
o
,
m
o
re

p
a
ti
en
ts

w
it
h
m
el
a
n
ch
o
li
a
w
er
e
in

th
e

u
n
d
er
w
ei
g
h
t
g
ro
u
p
s
th
a
n
ex
p
ec
te
d
.

R
a
te
s
o
f
p
a
ti
en
ts

in
b
o
d
y
w
ei
g
h
t

ca
te
g
o
ri
es

w
er
e
n
o
t
p
ro
v
id
ed

E
lm

sl
ie

et
a
l,
2
0
0
0

(1
1
0
)

8
9
eu
th
y
m
ic

o
u
tp
a
ti
en
ts

w
it
h

b
ip
o
la
r
I
d
is
o
rd
er

fr
o
m

N
ew

Z
ea
la
n
d
;
4
4
5
co
m
m
u
n
it
y

co
n
tr
o
ls

O
v
er
w
ei
g
h
t
¼

B
M
I
2
5
–
2
9
.9
;

O
b
es
it
y
¼

B
M
I
�
3
0
;

A
b
d
o
m
in
a
l
o
b
es
it
y
¼

W
H
R

>
0
.8

fo
r
fe
m
a
le
s

a
n
d

>
0
.9

fo
r
m
a
le
s

F
em

a
le

p
a
ti
en
ts

h
a
d
si
g
n
ifi
ca
n
tl
y
h
ig
h
er

p
re
v
a
le
n
ce

ra
te
s
o
f
o
v
er
w
ei
g
h
t
(4
4
%

v
s.

2
5
%
),
o
b
es
it
y
(2
0
%

v
s.
1
3
%
),
a
n
d

a
b
d
o
m
in
a
l
o
b
es
it
y
(5
8
%

v
s.
3
5
%
).
M
a
le

p
a
ti
en
ts
h
a
d
si
g
n
ifi
ca
n
tl
y
h
ig
h
er

ra
te
s
o
f

o
b
es
it
y
(1
9
%

v
s.
1
0
%
)
a
n
d
a
b
d
o
m
in
a
l

o
b
es
it
y
(5
8
%

v
s.
3
5
%
)

56 McElroy et al.



M
cE

lr
o
y
et

a
l.
,
2
0
0
2

(1
1
1
)

6
4
4
o
u
tp
a
ti
en
ts

fr
o
m

U
n
it
ed

S
ta
te
s
a
n
d
E
u
ro
p
e
w
it
h
D
S
M
-

IV
b
ip
o
la
r
I
a
n
d
H

d
is
o
rd
er
s

O
v
er
w
ei
g
h
t
¼
B
M
I
2
5
–
2
9
.9
;

O
b
es
it
y
¼
B
M
I
3
0
–
3
9
.9
;

E
x
tr
em

e
o
b
es
it
y
¼
B
M
I
�
4
0

5
7
%

w
er
e
o
v
er
w
ei
g
h
t
o
r
o
b
es
e,

w
it
h
3
1
%

o
v
er
w
ei
g
h
t,
2
1
%

o
b
es
e,

a
n
d
5
%

ex
tr
em

el
y
o
b
es
e

F
a
g
io
li
n
i
et

a
l.
,
2
0
0
2

(1
1
2
)

5
0
o
u
tp
a
ti
en
ts

w
it
h
D
S
M
-I
V

b
ip
o
la
r
I
d
is
o
rd
er

O
v
er
w
ei
g
h
t
¼
B
M
I
2
5
–
2
9
.9
;

O
b
es
it
y
¼
B
M
I
�
3
0

3
4
(6
8
%
)
w
er
e
o
v
er
w
ei
g
h
t

(3
6
%
)
o
r
o
b
es
e
(3
2
%
)

F
a
g
io
li
n
i
et

a
l.
,
2
0
0
3

(1
1
3
)

1
7
5
o
u
tp
a
ti
en
ts

w
it
h
D
S
M
-I
V

b
ip
o
la
r
I
d
is
o
rd
er

O
b
es
it
y
¼
B
M
I
�
3
0

6
2
(3
5
%
)
w
er
e
o
b
es
e

B
er
li
n
&

L
a
v
er
g
n
e,

2
0
0
3
(3
3
)

1
6
9
4
cl
in
ic
a
l
tr
ia
l
su
b
je
ct
s
w
it
h

D
S
M
-I
V

m
a
jo
r
d
ep
re
ss
iv
e

d
is
o
rd
er

U
n
d
er
w
ei
g
h
t
¼
B
M
I
�
1
8
.5
%
;

O
v
er
w
ei
g
h
t
¼
B
M
I2
5
–
2
9
.9
;

O
b
es
it
y
¼
B
M
I
�
3
0

1
4
4
(8
.5
%
)
w
er
e
u
n
d
er
w
ei
g
h
t,

4
5
6
(2
6
.9
%
)
w
er
e
o
v
er
w
ei
g
h
t

(2
1
.2
%
)
o
r
o
b
es
e
(5
.7
%
)

P
a
p
k
o
st
a
s
et

a
l.
,
2
0
0
4

(1
1
4
)

3
6
9
o
u
tp
a
ti
en
ts

w
it
h
m
a
jo
r

d
ep
re
ss
io
n
en
ro
ll
ed

in
a
n

ei
g
h
t-
w
ee
k
tr
ia
l
o
f
fl
u
o
x
et
in
e

O
v
er
w
ei
g
h
t
¼
B
M
I
2
5
–
2
9
.9

O
b
es
it
y
¼
B
M
I
�
3
0

1
9
0
(5
1
.4
%
)
w
er
e
o
v
er
w
ei
g
h
t
(3
1
.4
%
)
o
r

o
b
es
e
(2
0
.0
%
);

4
7
.2
%

o
f
w
o
m
en

a
n
d
5
6
.5
%

o
f
m
en

w
er
e

o
v
er
w
ei
g
h
t
w
h
er
ea
s
2
5
.1
%

o
f
w
o
m
en

a
n
d
1
4
.1
%

o
f
m
en

w
er
e
o
b
es
e

A
b
b
re
vi
at
io
n
s:

B
M
I,
b
o
d
y
m
a
ss

in
d
ex
;
S
A
D
,
sc
h
iz
o
a
ff
ec
ti
ve

d
is
o
rd
er
;
T
C
A
,
tr
ic
y
cl
ic

a
n
ti
d
ep
re
ss
a
n
t.

S
ou
rc
e:

F
ro
m

R
ef
.
2
1
.

Obesity and Mood Disorders 57



By contrast, in 1993 in Japan, Shiori et al. (109) compared the
frequency distribution of body weight of 106 patients hospitalized for
DSM-III major depression with that of a standard group, and found that
the patients’ body weight distribution showed significantly more patients
than expected in the underweight groups. This was particularly true for
women and for patients with melancholia.

Taken together, these four studies suggest that bipolar patients are
more likely to have overweight or obesity whereas those with melancholic
unipolar depression are more likely to be underweight. Indeed, the only
two cross-sectional studies reporting rates of underweight as well as obesity
had similar findings. In one, Berlin and Lavergne found that among 1694
subjects with DSM-IV major depression participating in a phase IV antide-
pressant trial, more subjects were underweight (BMI < 18.5; 8.5%) than
were obese (BMI > 30; 5.7%) (33). By contrast, Fagiolini et al. (112)
reported that among 50 patients with bipolar I disorder entering a
lithium-based maintenance trial, more patients were obese (BMI� 30;
32%) than underweight (BMI < 18.5; 2%).

In the first study of visceral fat deposition, Thakore et al. (115) com-
pared the body fat distribution [measured by abdominal computed
tomography (CT)] of seven medication-free women (mean age 36.6 years;
mean BMI 24.4) with DSM-III-R major depression, melancholic subtype,
with that of seven healthy control women (mean age 32.7 years; mean
BMI 23.6). None of the women had histories of obesity. Although patients
and controls did not differ regarding weight, BMI, WHR, and total body
fat, patients had significantly greater intra-abdominal fat stores than con-
trols. Patients also had significantly higher baseline cortisol levels than
controls, and their intra-abdominal fat stores correlated with both their
WHRs and cortisol levels. In the second study, Weber-Hamann et al.
(116) compared abdominal CT-determined intra-abdominal fat stores in
22 postmenopausal women with DSM-IV major depression (mean age
65.1; mean BMI 24.5) and 23 healthy control women (mean age 64.0; mean
BMI 24.3) (116). Visceral fat stores did not differ between the depressed
patients as a group and the healthy controls, or between the hypercortisolemic
depressed patients and the controls. However, hypercortisolemic depressed
patients had significantly more visceral fat than normocortisolemic depressed
patients.

Several of the cross-sectional studies explored correlates of overweight
and obesity in mood disorder patients. In a group of 369 patients with major
depressive disorder receiving an eight-week trial of fluoxetine 20 mg/day,
Papakostas et al. (114) found that obese patients did not differ from nonob-
ese patients regarding severity of depression, anxiety, somatic complaints,
hopelessness, or hostility. However, obese patients had worse somatic
well-being scores. Also, greater relative body weight, but not obesity,
predicted nonresponse to fluoxetine.
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Factors associated with obesity in bipolar disorder have included
treatment with antipsychotics, greater ingestion of carbohydrates, low levels
of exercise, comorbid binge eating disorder, hypertension, type 2 diabetes,
arthritis, and less coffee consumption, as well as variables suggestive of
more severe bipolar illness (111,113,117). In a sample of 175 consecutive
bipolar I patients receiving acute and long-term lithium-based treatment,
Fagolini et al. (113) reported that, compared with nonobese patients, obese
patients (35% of the group) had more previous depressive and manic
episodes, higher baseline HAM-D scores, and required more time in acute
treatment to achieve remission. During maintenance treatment, significantly
more obese patients experienced a recurrence (N¼ 25, 54%) as compared to
those who were not obese (N¼ 28,35%). Also, the time to recurrence was
significantly shorter for patients who were obese at baseline. When recur-
rence type was examined, the percentage of patients experiencing depressive
recurrences was significantly greater for obese patients (N¼ 15, 33%) than
for nonobese patients (N¼ 11,14%). In a subsequent study on this group
of patients, Fagiolini et al. (118) reported that higher BMI was significantly
associated with more severe bipolar illness and a suicide attempt. Although
preliminary and in need of replication, these observations suggest that
increasing BMI, overweight, or obesity may be associated with poorer
outcome and less favorable treatment response in patients with mood
disorders.

COMMUNITY STUDIES OF OBESITY IN MOOD DISORDERS

To date, eight studies have evaluated body weight in community samples of
persons with mood disorders. Detailed below, four studies used cross-sectional
designs and four employed prospective designs (4,8–10,17,27,119–122).

In the first cross-sectional study, Kendler et al. (27) assessed depres-
sive symptoms in a community-based registry of 1029 female twin pairs,
and concluded that major depression consisted of at least three etiologi-
cally heterogeneous syndromes: mild typical depression, atypical depression,
and severe typical depression. They found that twins with atypical depres-
sion were significantly more likely to be obese (BMI > 28.6; 28.9%) than
those with mild typical depression (6.0%) or those with severe typical
depression (3.1%). However, the rate of obesity in the twins as a group
was not reported. Also, neither mania nor hypomania were evaluated.

In a study exploring the relationships between depression and
the expression of inflammatory risk markers for coronary heart disease,
Miller et al. (119) recruited 50 persons from the community with a major
(N¼ 32) or minor (N¼ 18) depressive episode by DSM-IV criteria (estab-
lished with the Depression Interview and Structured Hamilton Instrument)
and 50 control subjects matched on demographic factors but free of life-
time psychiatric disorders. All subjects were in excellent general medical
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health, defined as having no acute infectious disease, chronic illness, or
prescribed medical regimen. The depressed subjects showed a significantly
greater mean BMI (30.5) than controls (25.9; p < 0.003), along with signifi-
cantly higher levels of C-reactive protein and interleukin-6 (see Comorbidity
section).

In the third cross-sectional study, Lamertz et al. (121) evaluated 3021
German adolescents and young adults ages 14 to 24 years for DSM-IV
diagnoses with a modified version of the CIDI, and calculated BMI
percentages for age and gender. Logistic regression analyses and MANCO-
VAs showed no significant associations between mood disorders (or anxiety,
substance use, or somataform disorders) and obesity or BMI. There were
also no significant associations between any mental disorders and under-
weight. Of note, these findings may have been affected by the exclusion of
subjects with eating disorders, who have elevated rates of mood and other
mental disorders as well as weight disturbances.

In the fourth cross-sectional study, the purpose of which was to
examine the relationship between psychiatric illness and physique, Wyatt
et al. (120) compared the height, weight, and BMI of 7514 American active
duty military personnel hospitalized for bipolar disorder, major depressive
disorder, or schizophrenia with that of 85,954 healthy subjects matched
for date of service entry. They found no consistent differences in height,
weight, or BMI between patients and controls, or between patient groups.
However, there was a diagnostic effect on BMI for white males: the mean
BMI in patients with bipolar disorder was greater than the mean BMI
in controls, which was equal to the mean BMI in patients with schizo-
phrenia, which, in turn, was greater than the mean BMI in patients with
major depressive disorder. An important limitation of this study was that
service entry criteria (including mental health and weight status) were not
described.

In the first prospective study, Pine et al. (4) evaluated 644 adolescents
in 1983 (mean age 14 years) and again in 1992 (mean age 22 years) to assess
the relationship between major depressive disorder and conduct disorder in
youth and obesity in early adulthood. Diagnoses were assessed in 1992 with
the DIS for Children (DISC); bipolar disorder was not determined. Univari-
ate analyses showed that a higher BMI in adulthood was associated with
increasing depressive and conduct symptoms in adolescence. Also, adult-
hood obesity was associated with adolescent depression in females, but
not males, and with depression in adulthood in both genders. However,
the latter association was positive in females and negative in males. Multi-
variate analyses showed that adulthood obesity was predicted by adolescent
conduct disorder and the gender-by-adult depression interaction. Consistent
with psychiatric epidemiologic studies showing significant comorbidity
between mood disorders and conduct disorder, adolescent depression and
conduct disorder scores were significantly positively correlated.
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As discussed earlier, Roberts et al. (8–10) evaluated 1886 survey
respondents who were aged 50 years or older and primarily examined
depression in subjects with obesity. However, they also reported that the
prevalence ratio for obesity among those with a current major depressive
episode was increased at 1.65 (with a 95% CI¼ 1.28, 2.13), and concluded
that there was a bidirectional association between obesity and depression
(10). Moreover they reported that depression in 1994 predicted obesity in
1999 (OR¼ 1.92; 95% CI¼ 1.31,2.80), but not after controlling for obesity
in 1994 (OR¼ 1.32; 95% CI¼ 0.65, 2.70). No other data regarding obesity in
persons with depression were provided.

Richardson et al. (17) used data from a longitudinal study of a birth
cohort of children (N¼ 1037) born between April 1, 1972 and March 31,
1973 in Dunedin, New Zealand to assess relationships between major
depression in adolescence and the risk for obesity at age 26 years. Collected
data included regular diagnostic mental health interviews and height and
weight measurements obtained throughout childhood and adolescence.
Major depression occurred in 7% of the cohort during early adolescence
(11, 13, and 15 years of age) and 27% during late adolescence (18 and 21
years of age). Obesity occurred in 12% of the cohort at age 26 years. After
adjusting for individuals’ baseline BMI, depressed late adolescent girls were
at a greater than two-fold increased risk for obesity in adulthood compared
with their nondepressed female peers (relative risk 2.32, 95% CI: 1.29, 3.83).
In addition, a dose–response relationship between the number of depressive
episodes during adolescence and the risk for adult obesity was observed in
late adolescent girls, but not in boys or early adolescent girls.

In the fourth prospective study (which to date has only been presented in
abstract form)Hasler et al. (122) evaluatedmood disorders in 591 young adults
at ages 18 to 19 years from the general population of Zurich, Switzerland and
followed them until age 40 years. Nineteen percent were classified as over-
weight, which was not defined. Atypical depression was positively associated
with overweight in males and females; hypomanic symptoms were associated
with overweight in males only. These associations remained significant after
controlling for medication, social, and educational variables.

In sum, six of the eight community studies of obesity in mood dis-
orders found positive relationships between the two conditions. Specifically,
two of the four cross-sectional studies found relationships between depres-
sion, or a subtype of depression, and elevated body weight, and all four
prospective studies found a relationship between a mood disorder or a
major depressive episode and the development of overweight or obesity.
Moreover, the latter relationship was found in two broad age groups: from
adolescence to early or mid-adulthood; and from middle age to old age
(4,10,17,27,119,122).

Taking the clinical and community studies of obesity in mood disor-
ders together, they suggest that some forms of mood disorders may be
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associated with overweight or obesity, whereas other forms may be asso-
ciated with underweight (Table 3) (21). Subtypes associated with overweight
or obesity might include major depressive disorder with atypical features,
major depressive disorder with juvenile onset, and bipolar disorder, espe-
cially when depressive features predominate (4,11,17,27,107,110–113). Sub-
types associated with underweight may include major depressive disorder
with melancholic features (109). Moreover, major depressive disorder with
hypercortisolemia, even when associated with normal body weight, may
be associated with visceral fat deposition (115,116). Finally, prospective stu-
dies suggest onset of mood disorder may precede development of overweight
or obesity in some persons, including patients with juvenile-onset major
depression and young females in the community with major depression
(4,11,11). However, these conclusions are preliminary and need to be veri-
fied in epidemiologic and longitudinal studies using validated assessments
of both mood disorders and anthropometric measures.

PHENOMENOLOGY

Obesity and mood disorders share several important phenomenologic
features, including abnormalities in appetite, eating behavior, and physical
activity (21). Thus, numerous clinical and community studies have described
increased appetite, overeating, and reduced physical activity in obese sub-
jects (51,123–125). Indeed, modern studies have documented that obese per-
sons of all ages eat more and are less physically active than their lean
counterparts, including the subset of obese persons who report that their
eating behavior and physical activity are normal or decreased (125,126).
Moreover, although exceptions exist (123,127–129), many of the clinical
and community studies that assessed depressive symptoms with standar-
dized measures found increased levels of depressive symptoms in the obese
groups compared with the normal weight or general medical clinical con-
trols (51–53,55) or with the nonobese community controls [(7,130–133);

Table 3 Theoretical Relationships Between Mood Disorders and Weight Disorders

Mood disorder Associated weight disorder

Major depressive disorder Underweight, abdominal obesity,
overweight, obesity

Atypical features Overweight, obesity
Typical (melancholic) features Underweight, abdominal obesity
Juvenile onset Overweight, obesity

Bipolar disorder Abdominal obesity, overweight, obesity

Source: From Ref. 21.
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see Ref. (21) for review]. In addition, studies have found elevated levels of
clinically meaningful behavioral problems in obese children; children with
mood disorders, especially those with bipolar disorder, also have elevated
rates of behavior problems (19,78–81,134).

For mood disorders, it is well established that depressive and manic
syndromes are associated with anorexia, hypophagia, hyperactivity, and
weight loss—factors associated with underweight (72,135,136). However,
clinical and community studies have shown that a significant portion of per-
sons with depressive syndromes have increased appetite, overeating, reduced
physical activity, and weight gain—factors associated with obesity (21).
Weissenburger et al. (22), for example, reported that of 109 medication-free
outpatients with unipolar (N¼ 93) or bipolar depression (N¼ 16), 30%
reported weight loss, 30% reported no weight change, and 40% described
weight gain. In a prospective study of 53 outpatients with unipolar depres-
sion, Stunkard et al. (25) found that the direction of weight change was con-
cordant for 45 (85%) patients across concurrent episodes: 23 patients lost
weight during both episodes, 17 gained weight, and five showed no change.
Changes in appetite paralleled those in body weight. More recently, Miller
et al. found that both severe underweight and obesity predicted clinically
relevant depressive symptoms, defined as a score� 16 on the Center for
Epidemiologic Studies Depression Scale (CES-D), among 998 community-
dwelling African–Americans (137).

Regarding motor activity, Wolff III et al. (138)used wrist actigraphy to
assess 27 affectively ill inpatients and 18 healthy control subjects. The
patients showed less motor activity when depressed than when euthymic
or manic. Even when euthymic, patients showed less daytime motor activity
compared with controls. Volkers et al. (139) similarly compared the daily
activity pattern of 67 unmedicated depressed inpatients with 64 control
subjects, and found that the patients were significantly less active while
awake (though they were more active during sleep). Consistent with
these laboratory studies are cross-sectional community studies showing an
inverse association between physical activity or exercise and depression
scores (140–142).

As we noted in an earlier paper, several subtypes of depression have
been delineated, in part, because of their association with increased appetite,
overeating, weight gain, and reduced physical activity (21). These include
atypical depression, somatic depression, seasonal affective disorder, peri-
menstrual depression, and possibly bipolar depression. Usually referred to
as atypical or reversed neurovegetative features, increasing research has
shown that these symptoms are common, distinct, and clinically relevant
among patients with depressive syndromes. They have been associated with
female preponderance, earlier onset, greater duration, familial aggregation,
biological differences, and preferential response to monoamine oxidase
inhibitors (MAOIs) over tricyclics (23,24,26–28,30–34,72,143).
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We were unable to locate any studies that specifically examined atypi-
cal depressive features in obesity. Although very few studies have evaluated
the relationship between atypical depressive features and actual body weight
in mood disorders, we noted preliminary community data in an earlier paper
suggesting that atypical depressive symptoms might be more likely to be
associated with overweight than are typical depressive symptoms (21). In
two latent-class analyses of depressive symptoms from two different popula-
tion-based twin registries, Kendler et al. (27) and Sullivan et al. (31) each
found that the ‘‘atypical’’ classes, characterized primarily by increased appe-
tite and weight gain, and to a lesser extent psychomotor retardation, had sig-
nificantly higher self-reported BMIs than the ‘‘typical’’ classes. By contrast,
Berlin and Lavergne found no relationship between DSM-IV-defined atypical
features and BMI in 1694 patients with major depression participating in a
phase IV antidepressant trial (33). However, higher body weight was asso-
ciated with less appetite reduction and fewer pessimistic thoughts. Limitations
of this study were collection of data by 1185 psychiatrists and a number of
exclusion criteria, including the presence of depressive disorder for more than
one year, nonresponse to several antidepressants, and high suicidal risk.

COURSE OF MOOD SYMPTOMS AND WEIGHT CHANGE

Further supporting a relationship between obesity and mood disorders are
at least six community studies that have prospectively shown a relationship
between weight change and mood symptoms (21). Hallström and Noppa
studied 800 women from the community, 38 to 54 years of age, and found
no relationship between obesity and ‘‘depth of depression’’ upon cross-
sectional analysis. Six years later, however, women who had gained� 5 kg
had significantly higher baseline Ham-D scores than those who had
gained < 5 kg (144). DiPietro et al. (145) assessed the effect of depressive
symptoms on weight in 1794 adults, aged 25 to 74 years, from 1971 to
1975 and from 1982 to 1984. Overall, younger adults (< 55 years) gained
weight, whereas older adults (�55 years) lost weight. Depression at baseline
was associated with additional weight gain in younger men, but a reduction
in weight gain in younger women. Among older men and women, depres-
sion was associated with additional weight loss.

Barefoot et al. (146) assessed the relationship between depressive
symptoms (assessed with the Minnesota Multiphasic Personality Inventory)
and weight change in 3560 college students in the mid-1960s and again in
the late 1980s, and found a statistically significant interaction between base-
line BMI and weight change in depressed subjects. Specifically, depressed
participants who were initially lean gained less weight than lean participants
who were not depressed. Conversely, depressed participants who were
initially heavy gained more weight than heavy participants who were not
depressed.
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Goodman and Whitaker evaluated 9374 adolescents in grades 7 to 12
in 1995 and one year later to determine whether depressed mood predicted
the development and persistence of obesity in adolescence (147). Depressed
mood was defined as a score of� 24 for females and� 22 for males on the
CES-D, and obesity was defined as a BMI� the 95th percentile. Baseline
depressed mood independently predicted obesity at one-year follow-up,
including among subjects who were not obese at baseline. Baseline depres-
sion, however, was not correlated with baseline obesity. Also, baseline obe-
sity did not predict follow-up depression.

Sammel et al. (148) evaluated correlates of weight gain among 336 ran-
domly selected women ages 35 to 47 years who were premenopausal and fol-
lowed over a four-year period. Over 25% of the cohort gained� 10lb during
this time. Five of the 14 (36%) women who were considered menopausal
gained weight. Women aged 45 to 47 were 61% less likely to gain �10 lb
compared with women aged 35 to 39 years (OR¼ 0.39, 95% CI: 0.18,
0.87). Depressed mood was a major correlate of weight gain (OR¼ 1.9,
95% CI: 1.09, 3,31). Anxiety and quality of life also correlated with weight
gain, but sex hormone levels, recalled dietary factors, and self-reported mea-
sures of physical activity did not.

In sum, these studies suggest that depressive symptoms may be pro-
spectively associated with long-term weight gain and obesity, as well as
long-term weight loss (145–148). These studies also show that the relation-
ship between depressive symptoms and weight gain or obesity may appear
prospectively but not cross-sectionally in the same cohort of persons, and
that the long-term relationship between depressive symptoms and weight
may be affected by age (127,144,145,147,148).

COMORBIDITY

Two areas where obesity and mood disorders have each received relatively
extensive study regarding comorbidity are their co-occurrence with eating
disorders and with general medical disorders (21).

Comorbidity of Obesity and Mood Disorders
with Eating Disorders

Considerable evidence indicates that obesity and mood disorders are each
related to binge eating behavior in general, as well as DSM-IV-defined buli-
mia nervosa and binge eating disorder. Thus, obesity, major depressive dis-
order, and hypomania have each been shown to co-occur with binge eating
behavior, bulimia nervosa, and/or binge eating disorder in community sam-
ples (149–163). Clinical and community studies have also found significantly
higher rates of mood disorders in obese persons with binge eating behavior
or binge eating disorder compared with obese persons without binge eating
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(96,99,102,105,150). Thus, one possible relationship between obesity and
mood disorders has been hypothesized to be due to their sharing a link with
binge eating (21,150). Alternatively, others have hypothesized that binge
eating is simply a nonspecific marker for psychopathology, including depres-
sive symptoms, affective instability, and mood disorders (158).

General Medical Comorbidity of Obesity and Mood Disorders

Obesity and mood disorders also share similarities regarding general
medical comorbidity (21). Like obesity and abdominal obesity, depressive
symptoms and major depressive disorder have been associated with type 2
diabetes, hypertension, and cardiovascular disease in community studies
(56,57,62,164–170). Both major depression and bipolar disorder have also
been associated with elevated rates of type 2 diabetes in clinical studies
(171–173). In addition, like obesity, abdominal obesity, and the metabolic
syndrome, both major depressive disorder and bipolar disorder have been
associated with increased mortality in community studies, including from
coronary heart disease, stroke, and type 2 diabetes (174–176). Indeed, epide-
miologic studies have suggested that obesity, abdominal obesity, the meta-
bolic syndrome, depressive symptoms, and major depressive disorder are
all independent risk factors for type 2 diabetes, hypertension, coronary heart
disease, and stroke (56–62,166–170). Moreover, many of the metabolic and
inflammatory abnormalities characteristic of obesity have been found in
persons with mood disorders. These include insulin resistance and hypergly-
cemia, hypertriglyceridemia and decreased HDL cholesterol levels (with
mixed evidence regarding LDL and total cholesterol levels), and elevated
interleukin 6 and C-reactive protein levels (177–191).

Although the relationship between obesity and mood disorders as risk
factors for general medical disorders has only begun to be explored, several
studies have found associations between obesity and depression in patients
with type 2 diabetes, cardiovascular disease, or cardiovascular risk factors
(165,192–195). For example, in 1999, Nichols and Brown evaluated the pre-
valence of diagnosed depression in 16,180 health maintenance organization
members with type 2 diabetes and in 16,180 nondiabetic comparison mem-
bers matched for age and sex (166). They found depression was significantly
more common in individuals with type 2 diabetes (17.9%) than among con-
trol subjects (11.2%; P < 0.001), and that this association remained strong
after controlling for cardiovascular disease and obesity. Moreover, multi-
variate analysis showed gender differences in the relation among depression,
diabetes, cardiovascular disease, and obesity. In men, younger age and car-
diovascular disease were the strongest predictors of a depression diagnosis,
followed by type 2 diabetes. Though statistically significant, body weight
was the least important variable. By contrast, in women, body weight was
by far the strongest predictor of depression.
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Lesperance et al. (193) evaluated 481 patients two months after hospi-
talization for acute coronary syndromes for depression status and inflamma-
tory markers. Compared with nondepressed patients, patients meeting DSM-
IV criteria for major depression (7.3% of the group) had similarly increased
BMIs (mean� SD¼ 29.1� 4.9 vs. 28.2� 44), but significantly more abdom-
inal obesity (60.9% vs. 43.9%), hypertriglyceridemia (74.3% vs. 47.8%), and
significantly higher rates of metabolic syndrome (68.6% vs. 47.5%).
Depressed patients not taking statins also had markedly higher C-reactive
protein levels than did nondepressed patients.

Ladwig et al. (194) evaluated the effect of depressed mood on the asso-
ciation of C-reactive protein and obesity (BMI > 30) in a population-based
sample of 3204 men aged 45 to 74 years. Stratification of the men into three
levels of depressed mood showed a significant association between increased
C-reactive protein in the obese group with the highest level of depression
compared with the obese group with the lowest level of depression
(P¼ 0.013). By contrast, in the nonobese group, there was no association
between depressed mood and C-reactive protein concentrations. The
authors concluded that obesity and depressed mood may have a synergistic
effect on chronic low level inflammation that is important in the pathogen-
esis of atherosclerosis.

In a subsequent analysis of their findings that subjects with depressive
episodes had higher mean BMIs and higher levels of inflammatory markers
than healthy controls, Miller et al. (195) used structural equation modeling
to examine the relationships among depression, adiposity, leptin, and
inflammation. Their model showed that depressive symptoms were possibly
associated with central adiposity, total adiposity, and inflammatory mar-
kers; that total adiposity was strongly associated with leptin while central
adiposity was modestly associated with leptin; and that adiposity and leptin
were positively associated with inflammatory markers. The authors con-
cluded that their analysis was consistent with a ‘‘joint pathway model’’ in
which depressive symptoms promoted adiposity which in turn activated
the inflammatory response through at least two pathways—by increasing
release of inflammatory molecules (from enhanced adipose stores) and by
inducing leptin expression. They also concluded that their model did not sup-
port a sickness behavior model in which the inflammatory response arising
from increased adiposity and leptin promoted the expression of depression.

In short, although obesity and mood disorders may be independent
risk factors for many of the same general medical disorders, the effect of
their co-occurrence on morbidity and mortality needs further study.

FAMILY HISTORY

Adoption and twin studies have established that heritable factors contri-
bute substantially to the familiality of both obesity and mood disorders
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(70,72–74). The familial co-aggregation of obesity and mood disorders,
however, has received extremely little empirical attention. In the only con-
trolled family history study of mood disorders in obese probands we were
able to locate, Black et al. (196) evaluated 88 morbidly obese gastroplasty
patients and a healthy comparison group using the family history method
and family history-research diagnostic criteria (FH-RDC). Obese patients
were significantly more likely than controls to have first-degree relatives with
depression (18% vs. 4%) and bipolar disorder (3% vs. 0). More recently,
Dong et al. (197) explored the relationship between depression and obesity
in a sample of extremely obese individuals and their siblings and parents.
Specifically, they evaluated BMI, history of treatment for depression, and
several covariates in 1730 European Americans (mean BMI¼ 35.6) and
373 African Americans (mean BMI¼ 36.8) from 482 nuclear families segre-
gating for extreme obesity and normal weight. Greater odds for depression
were found for the obese, women, those with chronic medical illness, and
the offspring of depressed parents. Multivariate analysis showed that BMI,
along with race, marital status, and chronic medical conditions, predicted
depression for both genders. Hierarchical analysis showed that BMI signifi-
cantly increased the risk of depression above that predicted by the combined
effects of all other variables. The authors concluded that extreme obesity was
associated with an increased risk for depression across gender and racial
groups, even after controlling for general medical disease, familial depres-
sion, and demographic risk factors.

We located no controlled studies of obesity in the family members of
probands with mood disorders, but found two latent-class analyses of
depressive symptoms of two separate community-based twin registries
(one entirely female–female twin pairs and the other male–male and
male–female twin pairs) that also assessed self-reported BMIs (21). Both
analyses showed that, compared with co-twins in the nonclinical classes, aty-
pical depressive symptoms (primarily increased appetite and weight gain) in
one twin were significantly positively associated with self-reported BMI in
the co-twin (27,31). In the all-female registry, mild typical depressive symp-
toms in one twin were also significantly associated with elevated BMI in the
co-twin, but this increase was about half as large as seen in the co-twins with
atypical depression (27).

Two other twin studies explored the relation between depressive symp-
toms and abdominal fat. In the first study, Marniemi et al. (198) evaluated
20 twin pairs discordant for obesity who were divided into two groups. In
the first group, the visceral fat area of the obese co-twin was higher, and
in the second group, the visceral fat area of the co-twin was lower than
the gender-specific median value. Intra-pair differences showing distress in
emotional reactions and lack of energy were seen only in the first group,
in which a corresponding trend was also observed for depressive symptoms
as measured by the BDI and HAM D. Furthermore, daily urinary cortisol
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and noradrenalin excretion were significantly higher in the obese than the
lean co-twins in the pairs with high visceral fat, but not in the pairs with
low visceral fat. The authors concluded that when genetic factors are iden-
tical, psychosocial stress induces hormonal changes that lead to intra-
abdominal fat deposition. In the second twin study, McCaffery et al.
(199) explored the extent that depressive symptoms, as evaluated with the
CES-D, were associated with metabolic risk factors, including BMI,
WHR, blood pressure, and serum triglycerides and glucose, among 87
monozygotic and 86 dizygotic male twin pairs. Depressive symptoms in a
nonclinical range were associated with individual components of the meta-
bolic syndrome (WHR, BMI, triglyceride level, glucose level, andmean arter-
ial blood pressure) as well as the common variance among the components.
Moreover, twin structural equation modeling indicated that these associa-
tions were due to unique environmental, rather than shared genetic, factors.
The authors concluded that depressive symptoms, possibly from stress,
increased the risk for ‘‘a pattern of physiological risk consistent with the
metabolic syndrome.’’

Although extremely preliminary, taken together, some of these find-
ings suggest that obesity and mood disorders, or perhaps certain subtypes
of both conditions, might share common heritable pathogenic factors
(27,31,196,199). Others suggest that, despite similar or common genetic fac-
tors, obesity may contribute to depression and that depressive symptoms
may contribute to obesity, supporting the concept of a ‘‘bidirectional’’ rela-
tionship between obesity and mood disorders (197–199).

NEUROBIOLOGY

Although a number of central neurobiological systems impact the regulation
of both feeding behavior and mood, no studies, to our knowledge, have
directly compared the neurobiology of a group of persons with obesity (or
an obesity-related disorder) with that of a group of persons with a mood dis-
order (21,200–203). Several neurobiological systems have received empirical
attention in both conditions, but available studies are difficult to compare
because of methodological differences. Importantly, many of these studies
were limited by the fact that either mood (in the obesity studies) or weight
(in the mood disorder studies) were not controlled for. Nonetheless, neuro-
biological abnormalities found in persons with obesity and those with mood
disorders have involved the hypomalamic–pituitary–adrenocortical (HPAC)
axis, the sympathetic nervous system, and some central monoamine and
peptide neurotransmitter systems (143,201–215).

For example, we noted in an earlier paper that abdominal visceral fat
deposition in both obesity and major depression has been hypothesized to
be due in part to HPAC dysfunction, but that the profile of HPAC dysregu-
lation found in abdominal obesity might be more similar to that seen in
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atypical depression (with normal or low morning cortisol levels and
increased cortisol responsivity to social stressors) than in melancholic
depression (with elevated corticotrophin releasing factor in cerebrospinal
fluid and increased corticotrophin and cortisol levels in plasma)
(143,202,203,208,209). The HPAC dysfunction of abdominal visceral fat
deposition in obesity, in turn, has been attributed to the effects of psycho-
social stress or to symptoms of depression and anxiety (204). Epel et al.
(206), for example, reported that women with high WHRs secreted signifi-
cantly more cortisol during a social stress test than did women with low
WHRs. In a series of community studies, many, though not all, found signifi-
cant positive correlations between depressive symptoms andWHR [reviewed
in Ref. (21)]. Moreover, depressive symptom measures have been shown to
correlate with measures of adiposity and metabolic disturbance. In a study
of 90 middle-aged males with the ‘‘insulin resistance syndrome,’’ high levels
of ‘‘vital exhaustion and anger out’’ correlated with increased WHR as well
as an augmented mean insulin response during an oral glucose tolerance test,
increased triglyceride levels, and decreased HDL cholesterol levels (216). In a
study of depressive symptoms and anthropometric and metabolic parameters
in 59 middle-aged men from the community, those with WHRs > 1.0
(N¼ 26) had significantly higher scores on all depression scales used (HAM
D,MADRS, and BDI) than those with WHRs < 1.0 (N¼ 33) (217). In addi-
tion, there were positive correlations between all depression scale scores and
theWHR or the sagital abdominal diameter; BMI, insulin, and glucose levels
were also significantly related to HAMD scores. By contrast, similar to some
studies of atypical depression, morning cortisol levels were negatively related
to BDI and MADRS scores (209).

Regarding other potential shared neurobiological abnormalities, mel-
ancholic major depression has been associated with sympathetic nervous
system (SNS) activation, displayed by increased plasma norepinephrine
metabolites, whereas obesity has been associated with regional heterogeneity
in SNS activation involving the renal and skeletal muscle circulations, but
not the heart (210,211). Serotonin, norepinephrine, dopamine, and neuro-
peptide Y are all involved in the regulation of feeding behavior and mood
and have been implicated in the pathophysiology of obesity, major depres-
sion, and bipolar disorder. Although preliminary and sometimes inconsis-
tent, studies have found abnormalities of these systems in persons with
obesity and those with mood disorders (201–203,212–215).

RESPONSE TO TREATMENT: PHARMACOTHERAPY

No study has compared the pharmacotherapy of obesity with that of a
mood disorder, and no controlled pharmacotherapy study has been con-
ducted in patients with co-occurring obesity and a mood disorder. However,
certain pharmacologic agents have received some study in both conditions
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(218–220). Review of these studies suggest similarities and differences in the
pharmacologic response of obesity and mood disorders.

Studies of Anti-Obesity Agents in Mood Disorders

Stimulants such as amphetamine and methylphenidate (which are no longer
approved for obesity because of their abuse potential) have been the most
extensively studied centrally active anti-obesity agents in major depression
(221–223). Although many of the trials have limitations, taken together, they
suggest stimulants are not generally effective as single agent antidepressants
(222). However, limited controlled data suggest stimulants may be helpful in
some depressed populations, including obese patients with anxious-depres-
sive symptoms and those with medical illness (224,225). There also have been
open-label reports of the successful use of stimulants to augment standard
antidepressants in treatment-resistant patients (223,226).

There are no published controlled trials of other centrally acting anti-
obesity agents in mood disorders, but preliminary data suggest that some of
these agents may have antidepressant properties. The serotonergic agents
fenfluramine and dexfenfluramine (which have been removed from the mar-
ket for safety concerns) have been reported to improve depressed mood in
patients with obesity, premenstrual depression, bipolar depression, seasonal
affective disorder, and bulimia nervosa (224,227–230). Sibutramine, a sero-
tonin–norepinephrine reuptake inhibitor (SNRI), has displayed antidepres-
sant properties in animal models of depression, and has improved depressed
mood (and binge eating and body weight) in patients with binge eating dis-
order (231,232). The novel anticonvulsants topiramate and zonisamide have
each been shown superior to placebo in inducing weight loss in obesity (233–
235). Although controlled trials of topiramate in acute bipolar I mania were
negative, the drug has been reported to be superior to placebo in a prema-
turely discontinued trial of adolescent mania, as effective as bupropion in a
single-blind controlled trial in bipolar depression, and beneficial for patients
with soft spectrum bipolar disorders in numerous open-label trials
(236,237). Zonisamide has also been reported to have therapeutic properties
in some bipolar patients in several open trials (238,239).

Studies of Thymoleptics in Obesity

Established antidepressants studied in placebo-controlled trials in obesity
include several serotonin selective reuptake inhibitors (SSRIs) and bupro-
pion. In particular, the SSRI fluoxetine was shown to have dose-related,
modest, short-term (e.g., six week to six month) weight-loss effects in obese
patients that were also associated with improvement in obesity-related med-
ical risk factors such as hyperglycemia and hypercholesterolemia. However,
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in several long-term studies most of the lost weight was regained by one year
(218,240,241). Bupropion was shown superior to placebo in inducing weight
loss in obesity in three double-blind, controlled trials (242–244). In one
study, weight loss was maintained at 48 weeks (243). Although venlafaxine
is an SNRI-like sibutramine, there are no published studies of venlafaxine in
the treatment of obesity (245). In studies of depression, however, venlafax-
ine has been associated with anorexia and dose-related weight loss (246,247).
Venlafaxine was also reported to induce weight loss in a clinical study of
obese women with binge eating disorder, most of whom had a comorbid
depressive disorder (248). Finally, although dopamine agonists are not for-
mally considered antidepressants, three controlled trials have found prami-
pexole superior to placebo in major depression and bipolar depression (249–
251). Similarly, bromocriptine was found superior to placebo for weight loss
in one small study of obesity (252).

In short, major depression and obesity are similar in their pharma-
cotherapy response in that each responds acutely to SSRIs, bupropion,
SNRIs, and possibly dopamine agonists. In addition, each condition shows
maintenance of response to bupropion and SNRIs. However, they differ in
their long-term response to SSRIs, with maintenance of response for one
year and longer established for major depression but not for obesity. In
addition, recent analyses of remission data from major depression compara-
tor trials which show greater remission rates with venlafaxine than SSRIs
suggest major depression may also share with obesity a better or more com-
plete response to SNRIs than to SSRIs (21,253,254).

Behavioral Treatments

Extensive research has shown that both obesity and mood disorders may
benefit from behavior therapy (especially cognitive-behavior therapy), phy-
sical activity (i.e., exercise), and various combinations of treatment
approaches. For obesity, the NIH concluded that either behavior therapy
or physical activity with a reduced-calorie diet were each modestly effective
for weight loss, and that combining these approaches produced greater
weight loss than either treatment alone (76). Similarly, cognitive-behavior
therapy has been shown to be effective in the acute and maintenance treat-
ment of mood disorders, particularly mild-to-moderate depression and
chronic depression, and physical activity may have beneficial acute and
long-term effects in outpatient depression, especially when used adjunctively
(255–257). Interestingly, patients with depression, like those with obesity,
can have poor exercise capacity, and major depression and obesity should
each be considered in the differential diagnosis of the latter condition
(258). Finally, controlled evidence suggests that combining behavioral and
pharmacological treatments may be more effective than single modality
treatment for both obesity (259,260) and mood disorders (261–264).
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CONCLUSION

Although obesity and mood disorders are both increasingly serious public
health problems, their relationship has been understudied and remains
obscure. Nonetheless, based on the studies reviewed, several tentative con-
clusions can be made. First, the most methodologically sound clinical stu-
dies indicate that mood disorders, including both depressive and bipolar
disorders, are common in persons of all ages seeking treatment for obesity,
especially severe obesity. Conversely, obesity and the related conditions
overweight and abdominal obesity are common in persons seeking treat-
ment for certain mood disorders, especially childhood-onset major depres-
sive disorder and bipolar disorder. By contrast, underweight may be more
characteristic of major depressive disorder, especially when associated with
melancholic features. Second, the more rigorous community studies suggest
that obesity (BMI� 30) is associated with major depressive episodes in
females, severe obesity (BMI� 40) is associated with major depressive epi-
sodes in females and males, and the metabolic syndrome (as defined by
ATP criteria) is associated with major depressive episodes in women. Con-
versely, certain mood disorders, such as major depressive disorder in young
females and major depressive disorder with atypical features in adults, may
be associated with weight gain, overweight, or obesity.

Third, obesity and mood disorders share other similarities. Phenomen-
ologically, each may be characterized by overeating, physical inactivity,
weight gain, and in children, by behavioral problems. Obesity is often
accompanied by depressive symptoms in persons of all ages. Obesity and
mood disorders are each associated with binge eating behavior, as well as
bulimia nervosa and binge eating disorder. General obesity, abdominal obe-
sity, the metabolic syndrome, major depressive disorder, and bipolar disor-
der are each associated with elevated morbidity and mortality from
cardiovascular disease and type 2 diabetes. Like mood disorders, extreme
obesity has been characterized by elevated familial mood disorders. Similar
biological systems appear to be deranged in both conditions. These include
the HPAC axis, the sympathetic nervous system, central monoamine neuro-
transmitter systems, immune function, and glucose and lipid metabolism.
Regarding treatment response, both obesity and depression respond to med-
ications that selectively enhance central serotonin, norepinephrine and/or
dopamine function, and to psychological treatments with cognitive beha-
vioral components. Although both conditions may benefit from exercise,
they are also each characterized by poor exercise capacity. Moreover, both
conditions may respond better to combinations of psychological and phar-
macological treatments than to either modality alone.

Taken together, these data suggest that there may be a relationship
between mood disorders and obesity beyond that due to chance co-
occurrence and iatrogenic factors. In an earlier paper, we proposed three
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hypothetical models to explain the relationship between obesity and mood
disorders (Fig. 1) (21). In the first, obesity and mood disorders are separate
entities with distinct, nonoverlapping pathophysiologies which co-occur by
chance, but with significant frequency because they are both common con-
ditions. This model seems unlikely, however, in light of the clinical, epide-
miologic, longitudinal, comorbidity, family history, biological, and
treatment response similarities between obesity and mood disorders
reviewed in this chapter.

In the second model, obesity and mood disorders are the same disor-
der with the same fundamental pathophysiology (18). This model also seems
unlikely in light of some of the phenomenologic and treatment response
differences reviewed. In particular, melancholic depression is associated with
weight loss and possibly underweight (at least in clinical samples), and obe-
sity and depression may have a differential response to long-term SSRI
treatment.

In the third model, obesity and mood disorders are separate but related
disorders with distinct but overlapping pathophysiologies (Fig. 1). In this
model, obesity and mood disorders, both heterogeneous, polygenetic ill-
nesses, would share heritable, as well as acquired, factors. Thus, there would
be forms of obesity and mood disorder that were pathogenically related, as
well as forms that were not related.Moreover, the degree of pathophysiologic
overlap in individuals with both conditions could theoretically vary, depend-
ing on the nature or amount of inherited or acquired pathogenic material. In
addition, the ‘‘directionality’’ of the relationship could vary, with mood dis-
order preceding obesity, obesity preceding mood disorder, or the two condi-
tions developing in tandem. This model could explain much of the clinical,
epidemiologic, phenomenologic, comorbidity, family history, and treatment
response similarities and differences between obesity and mood disorders.

A pathogenic relationship between obesity and mood disorders would
have implications for understanding the etiology of both conditions. Thus,
subtyping mood episodes according to the presence of pathological overeat-
ing, weight gain, or excess body weight, or to the degree of visceral fat
deposition, might be a more valid classification method than by the broader
DSM-IV concepts of atypical versus melancholic features. Similarly, subtyp-
ing obesity (or overweight or the metabolic syndrome) as being associated or
not associated with a lifetime mood or related disorder, such as binge eating
disorder or an affective spectrum disorder, might help explain some of the
clinical and genetic heterogeneity seen among persons with obesity
(150,265–267).

Indeed, we and others have hypothesized that individuals may engage
in a variety of behaviors, including overeating, for the purpose of regulating
their mood (268,269). Substantial evidence indicates that brain mechanisms
mediating reward are involved in the regulation of eating and mood, as well
as the response to drugs of abuse (270,271). Thus, some patients with mood
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Figure 1 Three hypothetical models to explain the relationship between obesity and
mood disorders. Source: From Ref. 21.
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disorders may overeat to ‘‘self-medicate’’ their mood disorder symptoms.
How effective overeating might be as a thymoleptic mechanism is unknown.
Although food might be consumed for its mood-elevating or antidepressant
properties, overeating might also have mood-destabilizing effects—as a con-
sequence of repeated ‘‘withdrawals’’ from overeating-induced ‘‘highs,’’ the
physiologic effects of increased adiposity, or the psychosocial stigma of obe-
sity. Nonetheless, until the pathophysiologies of obesity and mood disorders
are understood, another possible means for subtyping at least some obesities
could be by the pharmacologic responsiveness of the associated psycho-
pathology (when it occurs). Thus, obesity associated with an anti-
depressant-responsive condition would be affective spectrum obesity; that
associated with a mood-stabilizer-responsive bipolar spectrum disorder
would be bipolar spectrum obesity; and that associated with a binge eating
or addictive disorder responsive to an agent with anti-bingeing or anti-
craving properties could be appetitive or addictive obesity (272–275,267).

A pathogenic relationship between obesity and mood disorders would
also have implications for the treatment of both conditions (see chap. 10). In
light of the different weight-loss profiles of available thymoleptics, persons
seeking treatment for mood disorders who are obese might need to be man-
aged differently from those who are normal weight or underweight.
Similarly, in light of the potentially different thymoleptic profiles of anti-
obesity agents, obese persons with mood disorders seeking weight loss
treatment might need to be managed differently from those without mood
disorders. A better understanding of the relationships among obesity, mood
disorders, general medical illness, the beneficial and adverse effects of psy-
chotropics on appetite, eating behavior, body weight, and metabolism,
and the psychotropic effects of anti-obesity agents should improve the abil-
ity to treat both obesity and mood disorders. In addition, just as the weight
and metabolic profiles of future psychotropics will need to be determined, so
will the thymoleptic profiles of novel anti-obesity agents (21).

The above conclusions are preliminary because they are based on rela-
tively few systematically acquired data. As noted, no large-scale psychiatric
epidemiology study has also assessed anthropometric measures, and no
epidemiologic study of body weight has also assessed the full range of mood
disorders with structured interviews. There have been no published con-
trolled studies directly comparing a group of patients with obesity with a
group of patients with mood disorders, or a group of persons with obesity
with and without mood disorders. Surprisingly few studies of mood
disorders have included body weight as a factor, whereas relatively few stu-
dies of obesity have evaluated mood disorders as a factor. There are no
controlled family history studies of psychopathology from nontreatment
seeking populations of obese probands. Also, there are no controlled treatment
studies in persons with both obesity and mood disorders. Moreover, there are
important differences between obesity and mood disorders that may not be

76 McElroy et al.



explained by a relationship between the two. In short, further research into the
relationship between obesity and mood disorders is greatly needed.
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4

Eating Disorders in Obesity

L. K. George Hsu

Department of Psychiatry, Tufts-New England Medical Center,
Boston, Massachusetts, U.S.A.

Clinical experience suggests that eating disturbances are very common
among obese individuals, although there is no epidemiological survey to
confirm this. In 1959, Stunkard described three abnormal eating patterns
among the obese population: binge eating, night eating, and eating without
satiation (1). In the intervening years only the first two disturbances have
received much attention, and this chapter is therefore devoted to binge
eating disorder and night eating syndrome.

BINGE EATING DISORDER

Clinical Features

Currently, a binge is defined in behavioral terms. According to the DSM-
IV-TR, there are two characteristics to a binge (2). First, eating a definitely
larger amount of food in a discrete period of time than most people would in
a similar period of time under similar circumstances. Second, presence of a
feeling of lack of control over eating during the episode. Neither of these
terms is subject to precise definition or measurement.

The concept of a binge eating episode is derived from the Greek term
bulimia, or ox-appetite, a form of hunger first recognized by Hippocrates as
definitely pathological (3). The shift of definition from abnormal appetite to
abnormal behavior is interesting and presumably made to facilitate more
precise definition and measurement, although as pointed out, this aim is
far from having been achieved. Binge eating disorder (BED) is currently
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included as a diagnostic category for further study in Appendix B of the
DSM-IV-TR, and can be technically diagnosed as an eating disorder not
otherwise specified (EDNOS) (2). Diagnostically, according to the DSM-
IV-TR, the duration and binge frequency of BED are currently somewhat
arbitrarily set at six months and two days a week, respectively. The duration
of an individual binge episode has not been precisely defined. Although the
duration of two hours is given as an example in the DSM criteria, some 25%
of subjects reported much longer periods of bingeing (4). Also, the amount
of food consumed during an episode has not been precisely defined, and
as reviewed later, is highly variable. In addition, the loss of control over
eating during the episode is rated as present or absent according to the sub-
ject’s subjective response, and may be problematic for a clinician or
researcher to decide if it is really present. With all these problems of defi-
nition, perhaps it is not surprising that a recent study found that 66% of
38 carefully diagnosed non-BED women to report one or more binge
episodes in a six-day period [Ref. (5); discussed in the section ‘‘Eating
Disturbances in BED’’.]

Nevertheless, the validity of the construct of BED has been confirmed
by several studies. Fairburn et al. (6,7) and Wilfley et al. (8) identified rela-
tively distinct risk factors, clustering of symptoms, and course and outcome
for the disorder. Bulik et al. (9) applied latent class analysis to nine eating
disorder symptoms of some 2000 female twins and found a category of eat-
ing disorder broadly resembling BED. Furthermore, BED individuals have
higher medical and psychiatric comorbidity than non-BED individuals,
including suicidal ideation, although the level of psychopathology is
less than those with bulimia nervosa (10–12). Medical morbidity includes
increased reports of headaches, joint pains, gastrointestinal symptoms,
menstrual problems, shortness of breath, chest pain, and type II diabetes
(13). Comorbid psychopathology includes depression, anxiety, somatoform
symptoms, and personality disturbances (14,15). The subjective distress of
binge eaters is independent of their overweight status (16). BED is also asso-
ciated with impaired quality of life, but whether this impairment is related to
weight status, depression, or binge eating is still debatable (17,18). Unex-
pectedly, one study found no increase in eating or other psychiatric dis-
orders among the first-degree relatives of BED subjects in comparison
with their non BED obese counterparts, but more studies are needed (19).
Despite some contrary opinions, the category of BED is probably here to
stay, although it is likely that the diagnostic criteria will be refined
(20,21). Changes will likely focus on how to delineate the disorder from gen-
eralized overeating on the one hand, and from bulimia nervosa, particularly
the nonpurging subtype, on the other (22).

BED occurs mainly in obese subjects and its prevalence in this
population is around 8% (12). Among those seeking weight loss treatment,
the prevalence is around 30% (2). In the U.S. general population, where
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some 60% are overweight or obese, the prevalence is 0.7% to 4% (2). Onset is
in the early 20s, and the female-to-male ratio is about three to two. In con-
trast to anorexia nervosa and bulimia nervosa, BED affects blacks as well as
whites (23). Risk factors include childhood and family history of obesity,
negative comments by others regarding weight, shape and eating, low
self-esteem, and family history of parental depression (6). The onset of binge
eating may precede that of dieting in at least one-third of BED individuals,
particularly among those with an early onset of binge eating (24–27). This
suggests that characterological impulsivity may be another risk factor, at
least for a subgroup of BED subjects who also have personality disturbances
(27). Dietary restraint has been implicated as a risk factor for binge eating
for some time, but recent data on this issue are conflicting [Refs. (27–30);
also discussed in the next section]. One study found emotional eating to
be more common in BED (31). Mood disturbance as a risk factor is
reviewed in the following section on eating disturbances.

Eating Disturbances in BED

By self-report, BED individuals have higher food intake than non-BED
individuals, are more prone to emotional eating, i.e., eating when distressed
or anxious, and are more prone to eating after a period of dietary restraint
(28,31,32). However, self-reports of food intake are notoriously inaccurate,
as subjects of all age groups andweight status have been found to be unreliable
in reporting food intake (33). Attempts to improve accuracy and reliability in
assessment of food intake have included the use of hand-held computers
(ecologicalmomentary recall), feeding laboratories, anddoubly labeledwater.

For example, Greeno et al. (5) used hand-held computers to measure
mood, appetite, and setting of eating episodes in 41 BED and 38 non-BED
women. This momentary assessment is probably less prone to recall bias
associated with weekly or daily self-reports. As mentioned earlier, 25 of
38 (66%) non-BED women reported of having at least one binge episode
during the six days of the study. This was unexpected since BED status
was carefully diagnosed by a two-stage strategy including the use of the
Eating Disorder Examination, a well-validated, state-of-the-art interview
instrument (34). The calories consumed during the BED and non BED
binges were similar. However, the antecedents of binge episodes differed
between the two groups. As expected, antecedents to BED binges consisted
of low mood, low alertness, feelings of poor eating control, and craving for
sweets. Among non-BED binges, the antecedents consisted of only feelings
of poor eating control and sweet cravings. Le Grange et al. (35), in a sepa-
rate study using similar methodology, confirmed these findings. These stud-
ies highlight the difficulties in the diagnosis of BED and the study of eating
behaviors in obese subjects, but they confirm the occurrence of emotional
eating in BED.
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Earlier feeding laboratory studies of BED have been reviewed by
Walsh and Boudreau (36). This direct observation approach to study feed-
ing under controlled circumstances circumvents some of the shortcomings of
self-report studies. The findings may be summarized as follows. Obese BED
individuals consistently ate more calories than their non-BED counterparts,
regardless of whether they were instructed to binge eat or just eat normally.
Among BED subjects, amount of calories consumed was positively corre-
lated with body mass index (BMI). Studies on precipitants of binge eating
have produced less consistent findings. Induction of negative mood and
longer period of food deprivation did not precipitate larger binges, but a
greater amount and variety of foods offered did. However, these results
may be related to methodological differences among the studies. Three
recent feeding laboratory studies have extended these findings. Geliebter
et al. (37) found that amount of intake in overweight women was correlated
with stomach volume, which was larger in BED than non-BED subjects.
Nasser et al. (38) found impulsivity scores to be higher in BED subjects,
and mood disturbance and impulsivity to be related to amount of test meal
intake. Our group used a liquid meal to study obese patients for 24 hours,
before and after gastric bypass surgery, and found BED subjects to consume
more of the liquid meal before surgery (39). After surgery, consumption
decreased significantly in both groups.

Doubly labeled water is a technique used to study total energy expen-
diture in weight stable subjects, in whom energy intake is equal to energy
expenditure. Thus, it can be used to study energy intake in these subjects.
Our group used the doubly labeled water technique to study severely obese
subjects before and after gastric bypass and found energy expenditure to be
correlated with BMI in both BED and non-BED subjects (39). The signifi-
cance of these findings is discussed below.

Pathogenesis of BED

Very little is known about the pathogenesis of BED. Quantitative genetic
studies of BED are rare. In the Virginia population-based sample of 2163
female twins, Bulik et al. (40) conducted bivariate twin modeling to study
the relationship between genetic and environmental risk factors for obesity
and binge eating. They found substantial heritability for obesity (86%), mod-
erate heritability for binge eating (49%), andmodest overlap in the genetic risk
factors that increase liability for each condition. In a study of 8045 twins of
same and opposite sex from aNorwegian twin registry, Reichborn-Kjennerud
et al. (41), using the best fitting biometrical model, found heritability of binge
eating to be 41%. Clearly, more studies are needed.

Molecular genetic studies of BED are also rare. Mutations in the
melanocortin 4 receptor gene (MC4R) may be associated with binge eating
and obesity (42,43). Because the anorexigenic neuropeptide alpha-MSH is a
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potent agonist of MC4R, this finding is particularly exciting but needs repli-
cation (44). Various peptides have been recently identify, which may play a
role in the central control of eating (45,46). Although the field is advancing
rapidly, the neuropeptide control of eating behavior and energy metabolism
is likely to be complex.

Brief reference was already made to our group’s study of energy
expenditure in severe obesity (39). Our findings suggest that obesity and
binge eating appear not to be related to a disturbance in energy expenditure.
If confirmed, it would appear that more disturbances may occur on the side
of energy intake.

Treatment and Outcome

The psychological and nutritional treatment of BED has been the subject of
a recent review (47). Briefly, psychological treatments that are effective for
bulimia nervosa are also effective for BED. Thus, cognitive behavioral ther-
apy (CBT) is effective in BED, in which about 40% of patients became
abstinent, 20% drop out, and 40% show a decrease in bingeing frequency.
This improvement is maintained at one-year follow-up. However, there is
no significant weight loss even in those who have achieved abstinence,
although a small amount of weight loss may occur with time. Interpersonal
therapy produces improvement rates similar to CBT. Dietary treatments
such as very low calorie diets (VLCDs) and behavioral self-management
strategies are also effective in the short term; 50% of subjects achieve and
maintain abstinence at one year. Moreover, VLCDs result in significant
weight loss in BED subjects of 15 to 20 kg. Long-term outcome of dietary
treatments for weight loss, however, appears less favorable, as much of
the weight is regained.

Pharmacological treatment has also been the subject of a recent review
(48). Briefly, serotonergic antidepressants are somewhat effective in decreas-
ing binge eating, but are not as effective in producing weight loss. The appe-
tite suppressant sibutramine is effective in decreasing binge frequency and
producing weight loss, but the data are more limited relative to those for
serotonergic antidepressants. Topiramate, an anticonvulsant, has been
found in several open trials and one double-blind trial to be significantly
more effective than placebo in decreasing binge frequency and in inducing
weight loss. Its side effects may limit more widespread use.

Antidepressants, including the serotonergic agents, do not add effective-
ness to CBT in the treatment of BED, but whether topiramate or sibutramine
will is not known.

Bariatric surgery is effective in producing weight loss and abstinence in
severely obese BED patients (49). Available long-term follow-up data sug-
gest that a recurrence of binge eating sometimes occurs at two years after
surgery and is more likely with gastric banding than bypass.
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These treatment data need to be reviewed in the context of diagnostic
difficulties and the naturalistic outcome of BED. First, BED may be an
unstable diagnosis. Self-reports of binge eating are unreliable (see section
on eating disturbances) and its assessment may contaminate treatment find-
ings. Second, binge-eating decreases significantly even among those assigned
to weight list control groups (50). The naturalistic five-year outcome of BED
is quite encouraging, with only 10% of subjects diagnosed with BED at the
beginning of one community survey still receiving the diagnosis five years
later (6). Finally, the response rate of BED to placebo treatment is very high
(51). Perhaps the issue is that we need more effective treatments for obesity,
and not for BED per se.

NIGHT EATING SYNDROME

Night eating syndrome (NES) is not included in the DSM-IV-TR. The
prevalence of NES is probably very low in the general population, but it
apparently increases with increasing BMI. One study found that 27% of
obese subjects seeking bariatric surgery suffer from NES (52). Our own
study found that only 5% had NES by self-report, but many subjects con-
sumed significant amounts of a liquid meal during the midnight to 8 A.M.

time period during their stay in a clinical study unit (53). Furthermore, clin-
ical experience suggests that many severely obese BED subjects may develop
NES after they have stopped binge eating and successfully lost weight, and
that NES in these individuals may be difficult to treat since eating often
occurs in total or partial unconsciousness (54).

In recent provisional criteria, morning anorexia and evening hyper-
phagia have been added as defining features (51,55). NES subjects awaken
on average 3.6 times per night, and consume large amounts of food during
half of such awakenings (55). One intriguing feature is the marked blunting
of plasma melatonin levels at night of NES subjects.

There are no published data on the treatment of NES. Stunkard (51)
has suggested that serotonergic agents may be helpful.
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‘‘Never get too hungry, angry, lonely or tired’’
—Alcoholics Anonymous advice for avoiding a drug relapse.

Hunger stimulates drug taking, so do not become too hungry warns the
HALTacronym at the 12 stepmeetings around the globe.Hunger, anger, lone-
liness, and insomnia can all trigger bouts of eating or drug taking. Also heard
at the 12 step meetings around the United States: ‘‘No one uses drugs of abuse
after Thanksgiving dinner.’’ Thus, the relationship among food, overeating,
drugs, and moods has been established for the recovering community. Since
neurobiological research often confirms the axioms and wisdom in the Big
Book, we have been investigating these relationships for the past decade.

INTRODUCTION

Obesity and substance use disorders (SUDs) are both major public health
issues in the United States and other industrialized nations of the world.
Both obesity and SUDs cause preventable premature death, disability,
and contribute to an ever-expanding health care budget (1). Tobacco use
is still the number one cause of death at 435,000 per year; however, poor diet
and sedentary lifestyle may soon displace tobacco as the leading cause of
premature death in the United States (2). Indeed, other studies suggest that
obesity is overtaking smoking as the number one cause of early death with
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the largest increase in the last 10 years (3). While obesity is now considered a
disease, comorbidity with depression, certain medical disorders, personality
disorders, and addiction are still in question (4). Addiction is also considered
a disease, and was accepted recently as a disease of the brain (5). Obesity
may also become recognized as a brain disease. Use of a drug, like cocaine
or heroin may initially be under voluntary control, but insidiously over time
becomes more automatic. Loss of control and continued use despite social,
economic, and health consequences has become the hallmark of addictive
diseases. Similarly, replace the drug of choice with food and the DSM-TV
substance use disorders appear similar if not identical to the DSM-IV eating
disorders characterized by binge eating (Table 1). Though research focusing
on the relationships among substance abuse, obesity, and eating disorders is
limited, recent studies suggest a strong correlation among certain aspects of
these disorders (1,6,7).

EATING DISORDERS/SUBSTANCE ABUSE COMORBIDITY

The Road from Naı̈ve to Obsessed

A critical question is how a person progresses from drug naive or normal
weight to drug or food obsessed with cravings, continued and compulsive
use regardless of consequence, and loss of control. For opiates, even a single
use has been shown to cause important changes in the brain that might be
seen as early evidence of motivational toxicity or changes (8). Opiates stimu-
late opioid receptors and produce neuroadaptive changes in multiple areas
of the brain. However, the mesolimibic dopamine system has been increas-
ingly seen as the critical site for the motivational changes produced by drugs
of abuse. Naive animals respond differently compared to those who have
had prior drug experiences. The dopamine rich ventral tegmental area
may be the site for a switch process from dopamine independent to dopa-
mine dependent reward (9). Distinct brain mechanisms underlie illicit drug
use in the preabuse state and in those who have lost control and are depen-
dent. Just as the brain is unprepared by evolution for powerful drugs of
abuse like heroin or cocaine, it may also be unprepared for gourmet, prepro-
cessed, and energy dense foods. However, many drugs were tried by our
ancestors to produce euphoria and the current drugs of abuse are all known
by their ability to stimulate self-administration, so too, foods have been
‘‘improved’’ on the basis of their ability to induce self-administration or
increase sales receipts. The more rewarding and compelling the foods are,
the more we go to certain restaurants or choose certain foods.

Link Between Eating Disorders and Substance Use Disorders

Research focused on eating disordered patients has reported high rates of
co-occurring SUDs. Thus, persons suffering from binge eating disorder
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are significantly more likely to have first degree relatives with a substance
abuse disorder (10–12). Studies have also found that substance abuse rates
in families of bulimic patients and in the morbidly obese are significantly
higher than in families of controls (4,7,10). Hudson et al. (13) evaluated

Table 1 Comparison of DSM-IV Binge Eating and Substance Dependence Criteria

DSM-IV criteria for SUD DSM-IV criteria for binge eating

A maladaptive pattern of substance
use leading to clinically significant
impairment or distress, manifested
by three or more of the following,
occurringwithina12-monthperiod:
Tolerance

Need for increased amount to
achieve the desired effect

Diminished effect with
continued use of the same
amount

Withdrawal
Characteristic withdrawal
symptom for the substance

The same or similar substance is
taken to avoid withdrawal
symptoms

Substance is taken in larger
amounts or over a longer
period than intended

Persistent desire or unsuccessful
attempts tocutdownorcontroluse

Great deal of time is spent
obtaining, using, or recovering
from the substance

Important activities are reduced
or given up because of the
substance

Continued use despite adverse
consequences

Recurrent episodes of binge eating
characterized by both
Eating in a discrete period of time
(e.g., two hours) an amount of
food that is much larger than
most people would eat in a
similar time period under
similar circumstances

A sense of lack of control over
eating during the episode

Episodes include three or more of
the following:

Eating much more rapidly than
normal

Eating until feeling uncomfortably
full

Eating large amounts of food when
not feeling physically hungry

Eating alone because of being
embarrassed by how much one
is eating

Feeling disgusted with oneself,
depressed or very guilty after
overeating

Marked distress regarding binge
eating is present

The binge eating occurs on an
average of at least two days a week
for six months

The binge eating is not associated
with the regular use of
inappropriate compensatory

Abbreviation: SUD, substance use disorders.
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386 consecutive patients hospitalized for SUDs for co-occurring eating
disorders, and found that 15% of the women had a lifetime diagnosis of
anorexia or bulimia nervosa. Women with eating disorders had significantly
higher rates of stimulant abuse and lower rates of opioid abuse when com-
pared to women without eating disorders. Furthermore, bulimia was found
to be elevated in alcohol-dependent persons with rates of 6.17% and 1.35%
in women and men, respectively (13). Initiation of disordered eating nor-
mally begins before substance abuse problems, according to retrospective
reports of patients with concurrent disorders. A 10-year follow-up study
on 18 binge-eating patients without a pre-existing substance abuse disorder
found that 50% developed a dual diagnosis by the end of the study (14).
Another study found that binge eaters were more likely to use all types of
substances, with a high rate of cannabis use (11).

Obesity and Substance Use

Obesity, substance abuse, and substance dependence have increased alar-
mingly in adolescents (15). We suspect and have hypothesized that these
increases are related (1). Currently, it has been estimated that one in five
adolescents in the United States can be classified as overweight, while
another one in four adolescents is at risk of becoming overweight (16–18).
The centers for disease control and prevention describes adolescent obesity
as an epidemic responsible for the dramatic increase in childhood type II
diabetes (17). What was once ‘‘adult onset diabetes’’ is now called Type II
diabetes in recognition of the ever increasing numbers of children and
adolescents with this body mass-related disease (18).

Weight and substance abuse in adolescence have been shown to be
good predictors of adult weight and substance abuse, respectively (1,19).
This has suggested that early experience with either drugs or highly reward-
ing, energy-rich foods can change the brain and modify behavior, making
continued use and abuse more likely. Drugs of abuse and food appear to
compete for brain sites, and abstinence from drug use causes craving for
drugs and also for food. As noted earlier, in drug treatment meetings it is
said that no one uses cocaine after Thanksgiving dinner. Thus, there appears
to be a neurochemical reason for why overeating and satiety reduce drug
use. In animals, drug self-administration rates are increased by starvation
and decreased by overfeeding (20). Competition between food and drugs
of abuse at brain sites, critical for reward and pleasure, may explain the
common comorbidities of starvation or bingeing and purging and drug
use on the one hand and morbid obesity and lack of drug use on the other
hand (21). While tobacco use causes weight loss and has effects on leptin,
cessation of tobacco use has the opposite effects and has been associated
with increased eating, weight gain, and the risk of obesity (22). Recent stu-
dies suggest that tobacco-cessation related weight gain is related to increased
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food reward (23). Supervised abstinence from any type of substance depen-
dence causes a rebound in drug and food cravings. Adolescents often experi-
ence significant weight gain while abstinent from alcohol and illicit drugs
(1,17). While it is successful in treating the primary drug addiction, drug
rehabilitation programs must include preventative diet and exercise pro-
grams to avoid replacing addiction with another. These data along with
others suggest that early drug use and drug addiction may sensitize and
change the brain in such a way that it makes drug relapse, overeating,
and other co-occurring disorders more likely.

Correlations with Depression

Studies of patients with obesity and those with substance abuse patients
commonly find positive correlations with depressive symptoms and mood
disorders. Drugs of abuse produce depression so reliably that they are used
as model systems to test new antidepressants (24). Each Amphetamine with-
drawal, cocaine withdrawal, and nicotine withdrawal produce chemical states
identical to naturally occurring major depression. Moreover, drug-induced
depression stimulates more drug self-administration, and drug-induced
depression during abstinence drives relapse. Thus, the co-occurrence of drug
abuse and depression is the rule rather than the exception.

Alcohol use also dramatically increases the risk of suicidal behavior
among alcohol-dependent and alcohol-independent individuals (25–28).
Glassman et al. (29). documented a strong positive correlation between nico-
tine dependence and depression. Furthermore, individuals with personal or
family histories of depression are at increased risk for depressive episodes
during smoking abstinence and are more likely to relapse (29). This correla-
tion has been posited to be due to nicotine’s antidepressant capability. Cigar-
ette smoking is seen in eating disorders, including those with depression or
dysphoria. In addition, depressed patients frequently smoke cigarettes and
drink alcohol, while those who smoke and drink commonly have depression.
One out of every three suicide victims has a history of substance abuse and
higher rates of substance abuse are observed in teenage suicides (30).

Obese individuals also show higher rates of major depression and
depressive symptoms than nonobese individuals in many clinical and some
epidemiological studies (discussed in chap. 10). Studies have found lower
self efficacy ratings in overweight binge eaters when compared to overweight
nonbinge eaters. Furthermore, women consistently report greater binge
eating, greater depression, and lower self-efficacy (31). However, the rela-
tionship between obesity and depressive disorders is difficult to ascertain
because of confounding diagnosis criteria. Symptoms for obesity including
irregular sleep patterns, increased appetite, and decreased sex drive may
be interpreted as false positives for the DSM IV criteria for depression.
Indeed, in contrast to the many studies reporting high rates of depression
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in bariatric surgery patients, we have found a remarkable sense of well-being
reported by patients at our bariatric clinic with morbid obesity. Suicide is
often seen in individuals suffering from substance abuse but is generally
not observed in obese patients. Another possibility, therefore, is that
overeating is a better ‘‘antidepressant’’ than drug abuse.

The Role of Culture in Comorbid Disorders

Finally, culture appears to play a role in the relationship between obesity
and substance abuse, because patients with eating disorders in Western
countries have higher rates of comorbid substance abuse (32,33). Substance-
related disorders were found in 9% to 55% of patients with bulimia, 0%
to 19% of patients with anorexia, and 10% to 44% of obese binge eaters
(34–39). Thus, eating disorders are far more common in cultures with
plentiful food supplies and few individuals eat in response to hunger alone.
Culture and food availability likely play a role in the variable concepts of
hunger, satiation, and satiety. Hunger is defined as both the physiological
drive to eat and the perceived desire to eat, while satiation is the process that
ends eating. Satiety is the state after the completion of eating behavior in
which further eating is inhibited. Eating disorders and obesity may be
divided into related groups that affect either aspect of the eating process.
Feeding is regulated by a complex coordinated system designed to meet
an organism’s metabolic needs by integrating peripheral afferent signals,
reward, endocrine response, energy states, drive and mood states, micronu-
trient intake and supply, neurotransmitter responses, and efferent motor
commands within the central nervous system (40). Disruptions of this primi-
tive reward system can cause self-perpetuating maladaptive behaviors which
are seen in both eating disorders and substance abuse disorders (40).

NEUROTRANSMITTERS AND PEPTIDES

Neurotransmitters and the Reward System

The role of neurotransmitters may provide valuable insight to the common,
primitive reward pathway, which is disrupted in both eating disorders and
substance abuse disorders (Table 2). The primary function of the neuro-
transmitters, which are ‘‘hijacked’’ by drugs of abuse is the regulation and
control of eating. If drug addiction undermines survival instincts and
changes the brain, as it appears, the question is, where in the brain? Natu-
rally, the initial candidates for the effect of drugs of abuse are endogenous
ligands which are related to the drug itself. So, it follows that opiates stimu-
late endogenous opioid systems, cannabis stimulates the endogenous canna-
binoid systems, and so on. All of these systems appear to be involved in
a coordinated effort to maintain the species through the reinforcement of
eating (and other behaviors such as sexual procreation). The more we learn
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about the sites where drugs of abuse act, the more they appear to overlap
with those used to regulate and reinforce eating. This may be the link
between overeating and drug abuse.

The Hypothalamus

Control of feeding behavior has been localized to the hypothalamus using
various techniques including brain lesions, microinjections of drugs and
neuropeptides, and microdialysis studies of neurotransmitter levels (40–42).
Appetite regulation primarily involves the appetite regulating network
(ARN) which consists of distinct orexigenic and anorexigenic circuitries
operating in the arcuate nucleus-paraventricular nucleus (PVN) axis of
the hypothalamus (Table 2). Appetitive drive is modulated by excitatory
messages from the lateral hypothalamus and inhibitory messages from
the ventromedial nucleus (41–43). Disrupted communication between these
two sites results in unabated hyperphagia and abnormal weight gain
(40,44,45). Short-term energy homeostasis is regulated by opposing hum-
oral signals including anorexigenic leptin from adipocytes and orexigenic
ghrelin from the stomach (46–49). Understanding of the ARN provides
insight related to appetitive drive in patients with eating disorders and obe-
sity and parallel drug cravings in substance abuse patients (44).

Dysfunctional Regulation

Eating disorders and obesity are both suspected to represent dysfunctional
regulation of neurotransmitters such as dopamine (DA) and serotonin

Table 2 Orexigenic and Anorexigenic Neuropeptides and Neurotransmitters

Orexigenic Anorexigenic

NPY Serotonin
AgrP a-MSH, TSH
GABA CART
Ghrelin Insulin
Galanin Leptin
b-Endorphin Cholescystokinin
Dynorpbin Dopamine
GHRH Neurotensin
Norepinephrine CRF
Anandamide Glucagon, enterostatin, calcitonin, amylin,

bombesin, somatostatin, cytokines

Abbreviations: AgrP, agouti related peptide; CART, cocaine and amphetamine regulating

transcript; CRF, corticotrophin-releasing-factor; GABA, c-aminobutyric acid; GHRH, growth

hormone releasing hormone; a-MSH, alpha-melanocyte-stimulating hormone; NPY, neuropep-

tide Y; TSH, thyroid stimulating hormone.
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(5HT), and endogenous opioids and other neuropeptides (40). As food has
changed from a human version of Purina Lab Chow to 5 Star cuisine and fast
food, its rewarding quality has become more evident. Eating for pleasure has
become commonplace. Food has evolved to smell, look, taste, and feel great.
Food is presented on the plate in a way that resembles art. Hedonic food is
appreciated by all of the senses and acts in the brain as if it is a drug of abuse.
The gourmet experience in a 5 Star restaurant looks, smells, and feels like a
Beverly Hills drug party with a set of sights, smells, sounds, and expectations
aimed at stimulating the brain’s reward pathways. The hedonic reward path-
way for food ingestion begins processing in the brainstem, and animal
models of food intake show opioid mediation of the reward value of food.
The lateral hypothalamus, ventral striatum, shell of the nucleus accumbens,
and the central amygdala are all structures related to the endogenous opioid
system (50,51). Opioid agonists specific for the mu receptor have been shown
to induce a strong increase in food intake, while opioid antagonists, such as
naltrexone, have been shown to block the pleasure derived from food intake
(51). Opioid and DA systems are related and much of the work in humans
relating obesity to substance abuse has involved the study of the human
DA system by PET imaging. The dopaminergic system appears to provide
a common crucial link in the brain reward pathway of addiction. Anticipa-
tion of food, sex, or drug reward induces a dopaminergic priming to enhance
the experience. Drugs of abuse may be in competition with food at brain sites
responsible for species survival reinforcement, but as the experiences at
Woodstock demonstrated, they do not compete with sex. Consider the casual
associations among food, sex, and drugs; individuals commonly desire a
cigarette or coffee after a good meal, or alcohol use before sex, and a cigarette
afterwards. Furthermore, patients frequently substitute binge eating for
alcohol during early recovery from alcoholism. While DA has been the focus
of initial study, neuropeptides may be key in the relationship between food
and substance abuse (40).

Other Neuropeptides

Neurotensin: Neurotensin (NT) is an inhibitory neuropeptide which
has an important relationship with DA and the regulation of appetite and
drug use. NT-containing neurons are found within title mesencephalon and
diencephatlon. Within the former structure, NT-containing neurons origi-
nate in the ventral tegmental area (VTA) and end in the substantia nigra
pars compacta (SNC), the nucleus accumbens (nAC), the caudate, the puta-
men, the prefrontal cortex, and the central median amygdale; in the latter
structure NT-containing neurons are found within the zona incerta and
median eminence (40,52).

Studies show that chronic cocaine administration and withdrawal
disrupts normal NT–DA interactions from the nerve cell bodies to the nerve
cell terminals. Cocaine use up-regulation of postsynaptic NT receptors
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followed by increased NT binding in the prefrontal cortex and the SNC.
This phenomenon is believed to be caused by the depletion of NT from
NT–DA nerve terminals from VTA projections to the prefrontal cortex
and SNC. Thus, enhanced DA levels cause a selective depletion of NT
and an imbalance in the NT–DA system (40,53).

Neuropeptide Y: Neuropeptide Y (NPY), one of the most abundant
and widely distributed neuropeptides, is a potent orexigenic compound that
has been shown to induce uncontrolled hyperphagia leading to obesity.
NPY is a member of the pancreatic polypeptide family and is involved in
the regulation of other hormones and neurotransmitters and appears
involved in circadian rhythms. Administration of NPY into the PVN
induces massive carbohydrate intake, while administration of anti-NPY
agents decreases spontaneous carbohydrate intake in animals. NPY has
been demonstrated as a viable model for hyperphagia and obesity in which
chronic NPY administration produces an obesity syndrome (40,54).
Methamphetamine alters the expression of neuropeptide Y and changes
leptin, ghrelin, and insulin (SatyaKalra, personal communication). Inhibition
of NPY expression may underlie the weight loss effects of psychostimulants.
Amphetamine and other stimulants release DA and other neurotransmitters,
which in turn have effects that inhibit appetite and eating. Stimulation of D2
dopamine receptors, for example, decreases NPY expression and microin-
jection of amphetamine or fenfluramine into the paraventricular region
inhibits NPY-induced feeding.

The opioid antagonist naloxone blocks the orexigenic effects of NPY
when injected intracerebroventricularly, peripherally, and when placed in
the fourth ventricle. These data suggest that the NPY has numerous recep-
tors within the brain, though the particular NPY receptor responsible for
increased carbohydrate intake remains unknown (55). One theory suggests
that NPY and galanin reinforce existing macronutrient preference by
increasing the attraction for carbohydrates and fats by enhancing specific
tastes, smells, or textures (40).

VTA and nAC are considered the neural centers modulating positive
reinforcement. Processes within the VTA and nAC reinforce survival beha-
viors such as feeding and sex (56). Numerous authors have reported an
increase in the extracellular level of DA in the nAC during food ingestion
(57–62) and use of cocaine and other self-administered drugs (63–65). This
evidence implies a relationship between food intake and the mesolimbic
dopamine system similar to that of illicit drug reinforcement (40).

THE PROCESS OF ADDICTION

The process of addiction for substances including drags, tobacco, and alcohol
is modulated by reinforcement and neuroadaptation. The general reward
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pathway includes the VTA and the basal forebrain, and the use of drugs has
been shown to change the neural processes around these connections. The
mesolimbic dopamine system connects the VTA to the basal forebrain and
is critical for the self-administration of psychomotor stimulants (1,66).

Dopamine deficiency has been suggested to be a common characteris-
tic of individuals who are prone to drug or food addiction (1). Thus, studies
have shown that obese individuals have abnormalities in brain dopamine
activity, where striatal dopamine receptor (DRD2) availability is signifi-
cantly lower than in control groups. Also, body mass index (BMI) was
shown to correlate inversely with measures of D2 receptors (67). Thanos
et al. (68) examined ethanol preferring rats over-expressing DRD2, and
found that an increase in striatal dopamine receptors resulted in reductions
in alcohol preference and alcohol intake.

Studies examining BMI and alcohol usage provide strong support for
the theory that overeating and drugs compete for common brain reward
sites. Kleiner et al. (21) found an inverse relationship between BMI and rates
of alcohol use in women. This study also showed that BMI increased during
alcohol abstinence.

Primary reinforcers, including feeding, drinking, copulation, and drugs
of abuse, have a direct effect upon the medial forebrain bundle (40). Normal
feeding behavior is typically induced by hunger. Studies show that food
deprivation-induced hunger enhances the reward effects of both feeding
and illicit drugs. Food ingestion or drug use, in turn, produces satiation.
Thus, illicit drugs such as cocaine compete with food for the same hunger–
reward–satiation pattern and become an acquired primary drive equated
with survival (40).

Common Reward Pathways

Obesity, eating disorders, and SUDs may share a common neuroanatomical
and neurochemical basis. SUDs may access brain reward through exogen-
ous, illicit drugs, while obesity and eating disorders may access the same
pathways through dietary and environmental manipulations. A thorough
understanding of the relationship among obesity, eating disorders, and
SUDs may be essential for developing more effective and focused treatment
strategies (40).

Thus, recent imaging studies have shown that medial prefrontal cir-
cuits appear to be activated by inappropriate stimuli (such as a disgust
response to food stimuli) in those with eating disorders and those who are
addicted (69). As noted earlier, neurotransmitter release, including DA, in
the nucleus accumbens has been associated with self-administration, anti-
cipatory changes, and learning similar to that seen with drugs of abuse.
Significant hyperphagia and weight gain is observed during supervised
and confirmed drug abstinence, lending support to the aforementioned
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common pathway theory. Thus, subjects use food as a replacement for drugs
of choice (1). Amphetamines, cocaine, and substituted amphetamines like
MDMA cause weight loss for appetite suppression in certain doses, and
are important reinforcing drugs of abuse. Cannabis and alcohol stimulate
eating at low doses and have an opposite effect among addicts who prefer
and prioritize drug self-administration to eating, hygiene, and other beha-
viors. Drugs of abuse have important and consistent effects on eating,
and eating disturbances are frequent problems in the treatment of patients
with addictions.

Eating Disorders and Obesity as Addictions

Recent advances have led to an expansion of the definition of addiction to
encompass overeating and obesity as addictions to food. As discussed
earlier, imaging studies support the notion that food and drugs of abuse
share common neurological reward pathways. Addictions involving both
food and drugs also share similar etiologies and behavioral symptoms.
Furthermore, various pharmacological agents used to treat drug abuse have
also been effective in treating obesity: these include topiramate, bupropion,
and to a lesser extent, naltrexone and naloxone (70). Finally, treatment stra-
tegies need to focus on treating food and drug addictions concurrently or
else one disorder may worsen as the other improves.

Hyperphagia Induced by Abstinence

Numerous studies confirm the strong, positive correlation of smoking cessa-
tion with hyperphagia resulting in weight gain and an increase in BMI in both
adults and adolescents (71). Hyperphagia induced by abstinence may be a
mechanism to replenish the release of neurotransmitters in the reward system
(1). Recent studies suggest that drug self-administration is correlated with
taste and diet preference, since human adults and animals substitute carbohy-
drates, fats, and sweets for alcohol and cocaine (72–74). This evidence further
supports the notion of a common drug/food reward system (1,74).

Models of Addiction

Neuroscience studies, clinical experience, and functional magnetic resonance
imaging studies support the hypothesis that overeating and obesity can be
viewed as SUDs (4). Formerly, addiction was believed to result from an
individual avoiding distress from substance withdrawal. This model consid-
ered addiction treatment equivalent to treating drug withdrawal. However,
this theory was called into question when significant improvements in anti-
withdrawal agents did little to improve outcome for addiction. Withdrawal
and its associated distress have increasingly become recognized as not
central to the understanding and treatment of addictive diseases. Drug use
and ultimately addiction is now viewed as a progressive disease with
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underlying neuroadaptations in which the experience of drug use overtakes
the endogenous sites used to reinforce species survival. In this model, smok-
ing a cigarette might be interpreted as saving the species. Similarly, overeat-
ing might cause similar changes in the brain and behavior. Pathological
attachment to food is certainly a problem for the 21st century where food
is highly palatable, abundant, and energy dense. Expansions of the former
withdrawal theory of addiction have therefore led to inclusion of cocaine
and other drugs with minor withdrawal syndromes and new substances,
including food into the model of abuse (40). Essentially, in eating disorders
and obesity, food is the substance of abuse. A vast scientific literature and
clinical experience supports the model of food as an addictive substance that
may become subject to abuse.

Loss of control: Patients who feel unable to control food consump-
tion report food as being addicting or extremely rewarding (40). Animal
studies show that activation of the hedonic food reward system depends
in part on palatability (64,65). Given a more palatable diet, animals display
hyperphagia and become obese (75–77). While passive drug administration
is not addicting, active drug seeking behavior for their euphoric effects is
addicting. Similarly, merely eating cake does not suggest an eating disorder,
while eating cake secretly raises concerning questions. The development of a
pathological attachment to food makes binge eating or obesity fall into the
category of addiction (40). Thus, behavioral patterns in eating disorders and
obesity closely parallel those of addictive disorders (40).

Impulsive and compulsive behavior: Eating disorders, including those
associated with obesity, are characterized by impulsive and compulsive fea-
tures strikingly similar to those found in SUDs. Thus, patients with binge
eating behavior display symptoms similar to substance abusers in which
they describe craving for specific foods or urges to binge, and report of being
unable to control their consumption. Indeed, part of the diagnostic criteria
for bulimia nervosa and binge eating disorder is the inability to control food
intake (Table 1). Similar to substance abuse patients, eating disorders cause
cognitive dysfunction and food is used to alleviate negative affect (78). Eat-
ing disordered behaviors are frequently viewed as habit forming and serve
the purpose of relieving tension or stress in certain individuals. For example,
subjects suffering from bulimia nervosa and binge-eating disorder com-
monly report that unpleasant affect is decreased while they are bingeing
or purging (79). Both disorders commonly include social isolation to prevent
others from learning their abnormal eating patterns (80,81). Patients with
binge eating are often secretive about their disorder, when they are alone,
and may hide or hoard food for bingeing (82).

Denial: Patients with obesity or eating or SUDs show similar stub-
bornness in maintaining and denying ‘‘abusive’’ behavior despite the
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presence and severity of the disorder. Just as an alcoholic will continue to
drink with endstage liver disease, an anorexic patient will continue to starve
herself despite emaciation. Similarly, a person with obesity will continue to
overeat or binge eat despite full awareness of the adverse health effects of
their obesity and overeating. Moreover, the chronic effects of both overeat-
ing and drug abuse are commonly different from those originally achieved.
Binge eating is often initially associated with reduced dysphoria, but when
done chronically it induces dysphoric states. Similarly, chronic use of alcohol
may produce anxiety, despite the user’s original intended use for sedation
and relaxation.

Modes of Treatment

If obesity and eating disorders were similar to addictions, we might expect
treatments used for one to be efficacious in the other. Abstinence
approaches, though effective for substance use disorders, are not an option
for obesity and eating disorders. We must eat to survive. Even strict restric-
tion tends to create the potential for loss of control over eating in eating
disorders (78). While diet-related abstinence tends to undermine effective
treatment, patients can learn to maintain a healthy balanced diet without
strict abstinence from certain foods.

In the past, patients diagnosed with both eating disorder and sub-
stance abuse were usually treated separately for each disorder. However,
this treatment strategy has proven ineffective, as when both problems are
not treated concurrently, the patient will substitute one substance for the
other. Given two primary, similarly severe disorders, concurrent and aggres-
sive treatment is essential (79,80). However if the two disorders differ in
severity, the primary condition should be prioritized in treatment (79).

Pharmacotherapy: Several psychopharmacologic treatment strategies
are used in obesity, eating disorders, and SUDs. Treatments thatmay be effec-
tive in dual diagnosed disorders include topiramate, naltrexone, and benzo-
diazepines. Topiramate is an antiepileptic drug which has been shown to be
effective in placebo-controlled trials for treatment of obesity, binge-eating
disorder, bulimia nervosa, and alcohol dependence. Naltrexone is used in the
treatment of opioid addiction and alcoholism, causes weight loss, and may
have beneficial effects in bulimia nervosa. Benzodiazepines are used for
alcohol withdrawal and to lessen preprandial anxiety in anorexia nervosa.

Naloxone, melanocortin MC-4 receptor agonists, and leptin specifi-
cally suppress carbohydrate and fat intake (83). D9-THC encourages fat
and carbohydrate intake while a study by Rinaldi-Carmona et al. (84)
showed that the cannabinoid antagonist SR 141716 blocks carbohydrate-
rich food intake (85). Other studies suggest that cannabinoid receptor antag-
onism reduces food intake by reducing the reward value of the food (86–88).
Verty et al. (88) presented evidence that the CB1 antagonist SR 141716
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[N-piperidino-5-(4-chlorophenyl)-l-(2,4-dichlorophenyl)-4-methylpyrazole-
3-carboxamide, Sanofi-Synthelabo] suppresses food intake irrespective of
food palatability in nondeprived rats. This agent appears to have efficacy in
weight loss as well as smoking cessation through the cannabinoid system (89).

Phentermine and fenfluramine are amphetamine analogs used in combi-
nation in the past (as PHEN/FEN) for the treatment of obesity (90). Though
both drugs are proven appetite suppressants their mechanisms of action
differ. Phentermine produces amphetamine-like stimulant effects, increases
extracellular DA in the brain (91–95), and is self-administered by animals.
Unlike phentermine, fenfluramine does not produce stimulant effects, is not
self-administered by animals, and is rarely abused by humans (96). Fenflura-
mine administration leads to release of 5-HT from neurons (94,97). Of note,
the combination of phentermine and fenfluramine has been shown to decrease
cravings, alleviate withdrawal symptoms, and prolong drug abstinence in
cocaine addicts (97). Also, individuals often self-administer drugs of abuse,
such as amphetamines, for their weight loss effects.

12-step groups: 12-step treatments are widely used, with success, for
all SUDs. They are especially helpful in overcoming shame, depression,
and guilt that comes with addictive and eating disorders. Though abstinence
is commonly used in the 12-step treatment for drug abuse, abstinence from
eating is impossible. Rather, a more effective treatment for obesity and
eating disorders involves building recognition as to how behaviors are used
for self-soothing, substituting alternative, less-destructive coping mechan-
isms, and re-establishing healthful patterns of eating (79).

CONCLUSIONS

It has become increasingly apparent that there is a strong relationship
among obesity, eating disorders, and SUDs. Addictions involving both food
and drugs share similar etiologies and behavioral symptoms. Current treat-
ment programs for alcohol, tobacco, and illicit drug abuse tend to focus on
the SUDs while ignoring the effects of abstinence on weight gain. Specifi-
cally, little, if any attention, is given to nutritional counseling, exercise,
and education concerning the substitution of food for substances of abuse.
Effective treatment protocols are needed for comorbid obesity, SUDs,
and eating disorders. Research is also necessary to delineate the neuroana-
tomical and neuropharmacological relationships between overeating and
addictions.
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Based on the definition of obesity established by the World Health Organi-
zation (i.e., body mass index of 30 kg/m2 or greater), approximately one-
quarter of the United States population aged 20 or older are classified as
obese (1). The prevalence of obesity in the United States has nearly doubled
since the early 1970s (2). If this figure is not sufficiently disquieting, consider
the projected prevalence of obesity among United States adults if we extra-
polate from the current trends reported by Schiller et al. (1): Given that
obesity rates rose an average of 0.81% per year from 1997 to 2004, a contin-
ued increase at this same rate over the next 30 years would result in one-half
of the United States adult population being classified as obese.
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The increasing prevalence of obesity is quite alarming from a public
health perspective, as obesity increases the risk of morbidity and mortality.
More specifically, obese individuals are at higher risk than normal weight
individuals for developing and dying from diabetes, cardiovascular disease,
and several forms of cancer (3–8). An estimated 365,000 people in the
United States die from overweight- and obesity-related causes each year
(9). From an economic standpoint, the health care costs attributable to
obesity represent a substantial proportion (5.5–7.0%) of annual health care
expenditures in the United States, totaling around $70 billion per year
(10,11). Considering that these figures do not even include indirect costs,
such as the loss of productivity, that can be associated with obesity-related
functional impairments, the economic cost of obesity is clearly significant.

Cigarette smoking, much like obesity, is a burden upon the health care
system and accounts for a substantial number of preventable deaths in the
United States and worldwide each year. Examining figures from the United
States alone, over 430,000 deaths per year are attributable to the direct
effects of smoking (9). Like obesity, smoking has been linked to cardiovas-
cular disease, several forms of cancer, and type 2 diabetes (12). Additionally,
smoking has been causally linked to respiratory diseases (e.g., chronic
obstructive pulmonary disease and pneumonia), reproductive problems
(e.g., reduced fertility), and a variety of other health problems such as catar-
acts and low bone density (12). Smoking is associated with increased risk of
all-cause mortality as well as risk of death from cancer, cardiovascular dis-
ease, and chronic obstructive pulmonary disease (13). In terms of economic
costs, health care expenditures that can be directly attributed to smoking
account for 6% to 8% of national health care costs, or over $70 billion
(12). Again, this estimate does not include indirect costs such as loss of pro-
ductivity, which may even surpass the direct costs according to some esti-
mates (12). Fortunately, unlike obesity, the rates of smoking in the
United States have been decreasing steadily in recent years from 24.7% in
1997 to 20.1% in 2004 (1).

Given the aforementioned negative health consequences of both obesity
and smoking, one would intuitively predict increased risk of mortality asso-
ciated with combined obesity and smoking as opposed to either obesity or
smoking alone. Consistent with this prediction, Peeters et al. (14) calculated
life expectancies for middle-aged smokers and found that those who were
obese lost an additional seven years of life as compared to smokers of a nor-
mal weight. It appears, then, that the combined effects of obesity and smoking
are more hazardous than either alone, placing the estimated 17.8% of smokers
who are classified as obese at high risk for early death and disease (6).

In this chapter, we discuss the relationship between smoking and obe-
sity by supplementing the findings of a previous review by Klesges et al. (15)
that covered a vast body of literature on smoking and body weight with
more current research on this topic. More specifically, we examine the
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effects of smoking cessation on weight gain and discuss the effectiveness of
interventions to reduce or prevent weight gain following smoking cessation.
We conclude, then, by summarizing the status of current research related to
smoking and obesity and identifying areas that have not received adequate
empirical attention.

SMOKING AND WEIGHT GAIN

Klesges et al. (15) concluded in their comprehensive review of the literature
on smoking and weight that the majority of both cross-sectional and pro-
spective studies conducted between 1970 and 1988 indicated that (i) current
smokers weigh less than nonsmokers, and (ii) individuals tend to gain weight
when they quit smoking. Because more recent evidence also supports these
conclusions, the findings can be characterized as robust (16–19). Although it
seems clear that weight gain following smoking cessation is the norm rather
than the exception, research indicates that there is a great deal of variability
in the amount of weight gained following smoking cessation. In this section,
we explore the current status of research investigating the amount of weight
gained as a result of smoking cessation and factors associated with greater
postcessation weight gain. We also address the relationship between smok-
ing cessation and obesity and examine how the health risks of postcessation
weight gain compare with the benefits of quitting smoking.

What Factors Influence Postcessation Weight Gain?

In their classic review, Klesges et al. (15) reported an average weight gain of
6.4 lb following smoking cessation, with a range of 0.5 to 18.1 lb. The sub-
stantial variability in the average postcessation weight gain reported in the
studies reviewed by Klesges et al. (15) is likely to be a result of both meth-
odological variability across the studies and individual difference factors
(e.g., gender, heaviness of smoking) that influence the magnitude of weight
gain. Understanding these sources of variability is critical in evaluating the
findings of studies reporting on postcessation weight gain and, as such, they
will be explored in more detail in this section.

Methodological Differences

Several methodological differences may account for some of the variability in
the amount of weight gained following smoking cessation. One methodologi-
cal source of variability is the amount of time elapsed from the point of smok-
ing cessation to the point at which weight is measured. Estimates of the
amount of weight gained following smoking cessation can be expected to vary
as a result of the length of smoking abstinence. In fact, some research has indi-
cated that most of the weight gain observed after smoking cessation occurs
within approximately one year of abstinence, with the sharpest increases
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noted in the first one to six months after cessation (20–23). Weight may still
increase over a longer period of time, albeit at a slower pace, before finally
leveling off (19,21). Given that the follow-up periods in the Klesges et al.
(15) review ranged from 4 days to 40 years, then, one would expect to find a
great deal of variability in the amount of postcessation weight gain reported.

Another important methodological source of variability is whether the
estimate is based on continuous abstinence (i.e., absolutely no smoking since
the identified quit date) or point prevalence abstinence (i.e., no smoking
within a few days of the assessment). Klesges et al. (24) reported that smokers
who were continuously abstinent for one year gained an average of 13 lb,
whereas smokers who were considered abstinent using point prevalence
criteria gained only half that amount (i.e., 6.7 lb). Thus, the operational defi-
nition of abstinence can have a significant impact on estimates of postcessa-
tion weight gain. As the Klesges et al. (24) study suggests, investigations
utilizing more lenient definitions of abstinence (i.e., point prevalence) may
underestimate the amount of weight gained as a result of discontinuing
smoking.

Finally, a third methodological factor to consider is whether quitters
achieved smoking abstinence with the aid of pharmacotherapies found to
attenuate postcessation weight gain, such as sustained-release buproprion
or nicotine gum (25,26). Clearly, studies in which participants have utilized
treatments that are efficacious for both smoking cessation and postcessation
weight control can be expected to produce results that are biased in the
direction of underestimating weight gain, particularly during the period in
which the treatment is used. As such, information regarding the type and
duration of any pharmacological treatments used by study participants
becomes critical to the interpretation of the results.

Individual Differences

Several longitudinal analyses have reported on individual difference vari-
ables that appear to moderate the relationship between smoking cessation
and weight gain. Moderating variables that have received the most support
are age, heaviness of smoking, race, and exercise behavior. The results of
several studies indicate that people who are younger, heavier smokers,
African American, and less physically active gain more weight following
smoking cessation (15,19,21,27). Evidence regarding the relationship
between precessation body weight and postcessation weight gain is mixed.
Two studies demonstrated that smokers with higher pre-quit BMIs gained
more weight than smokers with lower pre-quit BMIs, whereas another study
suggested that only underweight female smokers are more likely to gain
weight (19,21,26). Gender may also be a determining factor, although
studies showing that women gain more weight than men appear to be
outnumbered by those showing no gender differences in weight gain
(16,19,21,28–30). Women may gain weight over a longer period of time,
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however. Nides et al. (31), for example, demonstrated that men’s weight
gain peaked within one year following smoking cessation while women’s
weight continued to increase throughout the two-year follow-up period,
resulting in a greater overall gain for women at the two-year mark. Another
factor to be taken into consideration when examining gender as a moderator
of postcessation weight gain is that even where weight gain for men and
women is demonstrated to be approximately equal, women are typically
gaining a greater percent of their body weight than men due to the fact that
men are, on average, heavier than women (21).

How Is Smoking Cessation Related to Obesity Trends?

There is some evidence that smokers are beginning to experience more post-
cessation weight gain than they have in the past. For example, data from
NHANES I (1971–1974) showed that 9.8% of male smokers and 13.4% of
female smokers gained more than 13 kg (28.7 lb) within 10 years of quitting
(19). In the NHANES III (1988–1994) sample, 16% of males and 21% of
females reported more than a 15 kg (33.1 lb) weight increase within 10 years
of their quit date (32). This observed increase in the frequency of large
weight gains following smoking cessation seems even more significant when
one takes into consideration the fact that NHANES III participants had
access to pharmacological aids to smoking cessation that may attenuate
or delay postcessation weight gain, such as nicotine gum, whereas
NHANES I participants did not. Taken together with the finding that the
prevalence of obesity in the United States is increasing while the prevalence
of smoking is decreasing, these data might be interpreted as an indication
that smoking cessation is contributing to increasing rates of overweight
and obesity (1). It is unclear from the NHANES data alone, however, to
what extent the increase in the frequency of significant weight gain following
smoking cessation is attributable to the discontinuation of smoking as
opposed to the general trend of increasing overweight and obesity in the
United States.

Flegal et al. (32) addressed this issue empirically by using logistic
regression models to calculate the expected prevalence of overweight in
the NHANES III sample assuming that men and women who quit smoking
in the past 10 years had continued to smoke. The expected prevalence for
each sex was then compared to the actual prevalence to obtain a percentage
difference, which was interpreted as the percentage increase in the preva-
lence of overweight and obesity attributable to smoking cessation. In this
study, the authors determined that one-quarter of the increased prevalence
of overweight and obesity in men and one-sixth of the prevalence in women
between the NHANES II and NHANES III samples can be accounted for
by smoking cessation (32). On the basis of these findings, then, it appears
that smoking cessation has probably contributed to, but does not fully
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account for, the increasing prevalence of overweight and obesity in the
United States. Even more compelling is the fact that the authors utilized a
BMI cut-off for overweight (i.e., 27.8 kg/m2 for men and 27.3 kg/m2 for
women) that is higher than the current standards of the World Health Orga-
nization (25.0 kg/m2). As a result, the figures reported by Flegal et al. (32)
may underestimate the influence of smoking cessation on the prevalence
of overweight and obesity in the United States.

Does the Risk of Postcessation Weight Gain Outweigh the
Benefits of Smoking Cessation?

Several authors have directly or indirectly posed the question as to whether
a cost–benefit analysis of smoking cessation would result in the conclusion
that the potential health risks of postcessation weight gain outweighed the
potential benefits of continued smoking (i.e., benefits related to weight
maintenance) (22,33,34). In a study examining risk of developing cardiovas-
cular disease during menopause, Burnette et al. (33) concluded that women
who gained weight following smoking cessation were not at greater risk than
nonsmokers for cardiovascular problems despite the fact that they tended to
gain more weight. In fact, the ex-smokers showed an increase in high-density
lipoprotein cholesterol (HDL), a protective factor for cardiovascular dis-
ease, in spite of the weight gain.

Noting that smoking cessation can lead to obesity and that obesity can
have a significant detrimental effect on pulmonary health, Wise et al. (22)
investigated the impact of postcessation weight gain on lung condition.
These authors found that the effects of weight gain on pulmonary function-
ing observed in smokers who quit were minimal compared with the negative
effects of continued smoking. Wise et al. (22) estimated that a weight gain of
38 to 60 kg (i.e., 84–132 lb) would be required to rival the impact of contin-
ued smoking on lung functioning.

Finally, Wannamethee et al. (34) looked at the relationship between
postcessation weight gain and risk for the development of type 2 diabetes.
The results of this prospective study indicated that smokers who quit
between the baseline measurement period and the five-year follow-up period
(recent ex-smokers) were more likely than never smokers, continuing smo-
kers, or long-term ex-smokers to gain weight and had the highest risk of
developing type 2 diabetes. The authors reported, however, that the risk
of type 2 diabetes among recent ex-smokers was similar for individuals
who gained weight and those who did not gain weight. Despite the greater
average weight gain observed in recent ex-smokers, then, the authors con-
clude that the increased risk of diabetes in this group is better explained
by lingering effects of smoking.

In conclusion, the available evidence does not suggest that potential
risks associated with postcessation weight gain are sufficient to warrant
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continued smoking. Even though the majority of smokers gain some weight
when they quit, the amount of weight gain required to offset the benefits of
smoking appears to be considerably greater than the amount gained by the
average smoker following cessation. Nevertheless, there are some smokers
who experience a significant amount of postcessation weight gain and, as
a consequence, are at increased risk for developing weight-related health
problems such as type 2 diabetes. As such, the availability of efficacious
interventions to prevent or reduce large weight gains following smoking ces-
sation is critical. In the next section, we review the current status of the inter-
ventions literature.

INTERVENTIONS TO PREVENT OR REDUCE WEIGHT GAIN
FOLLOWING SMOKING CESSATION

In their earlier review of studies examining smoking and weight gain,
Klesges et al. (15) were able to locate only nine studies that examined
the effectiveness of treatments to reduce weight gain following smoking
cessation. Since that time, the number of investigations of interventions that
either focus on weight gain prevention or incorporate discussion of weight
gain into treatment outcome analyses has grown substantially to include
approximately 50 studies. The reason for this increased attention to weight
gain prevention is not entirely clear, but it is likely that the increasing pre-
valence of overweight and obesity in the United States as well as the recogni-
tion that weight gain may interfere with attempts to quit smoking have
elevated the importance of isolating effective treatments for smoking that
decrease the probability of gaining weight (1,35).

Because Klesges et al. (15) included a discussion of the efficacy of
interventions to prevent or reduce weight gain following smoking cessation,
we will provide brief summaries of the conclusions derived from this paper
and focus primarily on studies that have not appeared in that review. We
also focused our literature search on studies in which the prevention of
weight gain following smoking cessation was the primary focus of the
research, although we supplemented the review with studies that did not spe-
cifically target the topic of weight gain if such information was useful in
terms of clarifying trends or if it represented the only information regarding
the relationship between that form of treatment and change in body weight.
For studies examining the efficacy of medications, we did not include studies
involving treatments that have not been approved by the FDA for smoking
cessation or recommended by the Clinical Practice Guideline for Treating
Tobacco Use and Dependence (36).

Studies that have sought to prevent or reduce weight gain following
smoking cessation can be conceptualized as falling into two categories:
pharmacological treatments and behavioral treatments. Pharmacological
treatments include nicotine replacement therapies and buproprion SR.
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Behavioral treatments include programs that provide information and/or
assistance in modifying dietary intake and exercise behaviors and in restruc-
turing beliefs about weight. In this section, we review the current status of
the literature pertaining to the efficacy of both pharmacological and beha-
vioral interventions to prevent or reduce postcessation weight gain.

Nicotine Replacement Therapies

Nicotine Gum

Nicotine gum has shown some promise in reducing weight gain in the short
term in previous reviews, and the results of more recent studies tend to sup-
port this finding. On the basis of the scant early studies of nicotine gum as
an agent for minimizing weight gain while treating tobacco use or depen-
dence, Klesges et al. (15) were unable to generate solid conclusions about
the efficacy of this form of nicotine replacement in their review of the litera-
ture (26,37,38). Using the data available at the time, they concluded that
nicotine gum had some potential to reduce weight gain, but these effects
were limited to heavy smokers and those who used heavier doses of the
gum. It should be noted, however, that the two studies from which this con-
clusion was drawn suffered from serious methodological limitations (e.g.,
lack of randomization, no control groups, reliance on self-report to deter-
mine abstinence and treatment adherence, and failure to report gum dose)
that made it difficult to draw firm conclusions (37,38). Data from the third
study, which was more methodologically sound, showed significantly less
weight gain at the end of the 10-week treatment period for abstinent smo-
kers who used nicotine gum as compared to those using placebo gum
(26). This difference had disappeared by the three-month follow-up period,
however, when the participants were no longer using the gum.

Three of the five studies of nicotine gum located for this review [and
not covered in Klesges et al. (15) review] were randomized controlled trials
(RCTs) that incorporated procedures to monitor treatment adherence (i.e.;
returning used and/or unused gum) and to verify abstinence (i.e., expired
carbon monoxide). Two of these three RCTs reported less weight gain
among users receiving nicotine gum as opposed to placebo gum (28,39). Spe-
cifically, Doherty et al. (28) found that, after 13 weeks of treatment with
either 0-, 2-, or 4-mg gum, men and women in the group using the 4-mg
gum had gained significantly less weight than subjects in the placebo group
(1.7 kg vs. 3.7 kg). Leischow et al. (39) reported that four weeks of treatment
with either 0-, 2-, or 4-mg gum resulted in significant weight change differ-
ences among women, but not among men. Women chewing the 4-mg gum
actually lost an average of 0.26 kg, while the 2- and 0-mg groups gained
0.33 and 1.69 kg, respectively. Thus, the effectiveness of the gum appeared
to be dependent on higher dose and female gender (28,39). The third
RCT reported no significant differences in weight gain among male and
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female users of 0-, 2-, or 4-mg gum but did suggest that the percentage of
baseline cotinine levels replaced by the nicotine gum predicted weight
change at the three follow-up periods (6, 9, and 12 months) (40). More spe-
cifically, replacement of cotinine (the major metabolite of nicotine) at levels
that were closer to their cotinine levels while smoking was associated with
less weight gain. This finding was also reported by Doherty et al. (28).

Hajek et al. (41) demonstrated that smokers who remained abstinent
for one year gained an average of 5.2 kg if they were not using gum at that
time and 3.1 kg if they were, but the study’s lack of methodological rigor
(e.g., no randomization, no control group, poor monitoring of abstinence)
makes conclusions drawn from these findings tentative at best. Killen
et al. (42) also demonstrated that individuals who used at least five pieces
of nicotine gum per day after quitting smoking gained significantly less
weight than individuals who did not use the gum over a period of two
months, although the practical significance of the difference between users
and nonusers was small (1.8 kg vs. 1.1 kg).

In summary, nicotine gum has demonstrated a capacity to reduce
weight gain during its period of use, but its efficacy in attenuating weight
gain seems to be limited to that period (26). In addition, the degree to which
weight gain is limited appears to be proportional to the percentage of coti-
nine replaced by the gum. At least one study has demonstrated that adher-
ence to this form of nicotine replacement decreases as dosage increases,
however, making it difficult to achieve high levels of cotinine replacement,
especially in heavier smokers who are at higher risk of weight gain (19,43).

Nicotine Patch

No studies that focused on weight change associated with the use of the
nicotine patch were available at the time of the Klesges et al. (15) review.
Of the five studies examining the efficacy of the nicotine patch in preventing
postcessation weight gain that are currently available, three of the studies
are RCTs. The results of these studies were mixed, with one demonstrating
no difference between treatment and control groups after eight weeks of
treatment, one suggesting that the patch significantly reduced weight gain
after five weeks of treatment, and one indicating that the patch reduced
weight gain over the first six weeks of treatment but that differences between
the active and placebo groups had disappeared by the 10th week of treat-
ment (44–46). The other two studies, although not controlled, showed nico-
tine patch users gaining an average of 2.5 and 4.7 kg following six and seven
weeks of treatment (47,48). Without a control group for comparison, how-
ever, solid conclusions about the potential for the nicotine patch to attenu-
ate or prevent postcessation weight gain cannot be made on the basis of
these findings.

Because the results of the three RCTs described previously were mixed
with respect to the weight-attenuating effects of the nicotine patch, we
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examined the findings of other investigations of the efficacy of the patch that
did not focus on weight gain as a primary outcome measure in an attempt to
obtain further clarification. This search produced an additional six studies
(49–54). None of these studies showed a significant difference in weight gain
between users of the active versus placebo patch following treatment periods
ranging from 6 to 18 weeks, indicating that the active patch was not effective
in limiting postcessation weight gain. Given the robustness of this null find-
ing, it is possible that the results of the two previously described studies that
reported a weight-attenuating effect of the nicotine patch may be an artifact
of the methods of sampling or analyzing data (45,46). For example, the sam-
ple utilized by Hill et al. (46) was a group of primarily Mexican–American
Hispanic adults, making the generalizability of the findings questionable.

Taken together, the findings of these investigations suggest that the
nicotine patch is largely ineffective in preventing or limiting postcessation
weight gain. The reason for the difference in efficacy between the nicotine
patch and nicotine gum is unclear at this time, although it seems reasonable
to suggest that the variability in the pharmacokinetic properties of the two
treatments may be partially responsible. More specifically, the profile of
plasma cotinine levels following nicotine gum use more closely resembles
the profile associated with cigarette smoking (i.e., a sharp increase followed
by a gradual decrease) as opposed to the nicotine patch, in which plasma
cotinine increases gradually to a steady state that is maintained throughout
the day (55). Another possibility is that the nicotine patch may delay post-
cessation weight gain for a brief period of time (e.g., two to three weeks) and
that this effect has not been detected or reported up to this point due to a
tendency to report weight change only after completion of treatment, which
is usually five or six weeks at a minimum.

Nicotine Nasal Spray

No studies of the effectiveness of nicotine nasal spray in limiting postcessa-
tion weight gain were available at the time of the Klesges et al. (15) review.
Although prevention of weight gain was not a stated purpose of a study con-
ducted by Sutherland et al. (29), these authors demonstrated that the nico-
tine nasal spray significantly reduced weight gain following 52 weeks of
treatment in smokers who were continuously abstinent, with users of the
active form of the spray gaining an average of 3.0 kg as compared to the
5.8 kg average gain observed in the placebo spray users. Participants who
discontinued use of the active form of the spray, however, gained an average
of 5.5 kg, placing them right on course with the placebo group. It appears,
then, that the weight gain was slowed through the use of the nicotine nasal
spray but not reduced significantly in the long term. Despite the general
methodological soundness of this study, more research is needed in order
to determine the extent to which nicotine nasal spray reliably attenuates
postcessation weight gain, particularly following discontinuation of its use.
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Nicotine Inhaler

Klesges et al. (15) found no studies examining the weight-control properties
of the nicotine inhaler. Only one investigation of the nicotine inhaler that
discussed weight change following smoking cessation was located for this
review, although the primary focus of this study was not on weight gain.
Tonnesen et al. (56) offered participants nicotine inhalers for six months
(i.e., three months of using 2 to 10 inhalers per day as desired, followed
by a three-month tapering period) and measured weight change after six
weeks and again after one year. Results indicated that the mean weight gain
for the placebo and active inhaler groups did not differ significantly at either
point in time. At six weeks, both groups had gained 1.8 kg. At one year,
participants using the nicotine inhaler gained 4.5 kg and the participants
using the placebo inhaler gained 4.0 kg. Consequently, the lone investigation
addressing the potential to reduce weight gain through the use of the nico-
tine inhaler suggests that this treatment is not effective for that purpose.

Buproprion SR

Buproprion SR, which, in addition to the variety of nicotine replacement
therapies available, is listed as a first-line pharmacological treatment for
tobacco use and dependence in the report of the Clinical Guideline panel,
has not been studied extensively in terms of its capacity to curtail postcessa-
tion weight gain (36). In the one study that focused primarily on examining
this capacity, the authors reported that buproprion was not significantly
more effective than the nicotine patch in preventing weight gain, with bupro-
prion users gaining an average of 4.4 kg and patch users gaining an average of
4.7 kg (48). Unfortunately, the study did not include a control group against
which changes in weight associated with treatment could be compared.

Hays et al. (23) found that a one-year trial of buproprion SR (300mg)
as a method of preventing relapse following smoking cessation resulted in
less weight gain in the group receiving the active treatment than in the pla-
cebo group at both the end of the one-year treatment period and the two-
year follow-up. Similarly, Hurt et al. (25) found that daily use of buproprion
SR (300mg) attenuated weight gain over the seven-week treatment period.
However, by the six-month follow-up, there was no significant difference
in weight gain between the active and placebo groups.

The results of the limited studies available to determine the efficacy of
buproprion SR in limiting weight gain following smoking cessation indicate
that the drug seems to be effective during its period of use. It is unclear,
however, whether this attenuating effect is maintained beyond the treatment
period, as the results of studies incorporating long-term follow-ups are equi-
vocal (23,25). Additional research is needed to make definitive conclusions
about both the short-term and long-term efficacy of buproprion SR in mini-
mizing postcessation weight gain.
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Behavioral/Cognitive-Behavioral Treatments
Targeting Both Weight and Smoking

At the time of the Klesges et al. (15) review, studies that involved behavioral
or cognitive-behavioral interventions to simultaneously facilitate smoking
cessation and prevent weight gain were more prevalent in the literature than
were pharmacological intervention studies. Six of the nine studies discussed
by these authors incorporated behavioral or cognitive-behavioral compo-
nents to address both smoking and weight-control. The results of these stu-
dies were mixed, with some indicating that the provision of weight-control
information resulted in less weight gain and some indicating that it did
not [see Klesges et al. (15) for a complete review].

In the past 15 years, four additional studies have reported on the effi-
cacy of behavioral or cognitive-behavioral weight control interventions
incorporated into treatment for smoking. Hall et al. (57) provided partici-
pants with two weeks of a cognitive-behavioral smoking cessation program
followed by four weeks of one of the following: (i) a weight control interven-
tion consisting of weight and dietary intake monitoring, an individualized
exercise plan, and cognitive-behavioral strategies to control eating (‘‘innova-
tive intervention’’); (ii) an intervention promoting insight into eating beha-
vior and offering information about nutrition and exercise (‘‘nonspecific
control’’); or (iii) provision of written information about exercise and diet
not specific to prevention of postcessation weight gain (‘‘standard treatment
control’’). Results of this study indicated that there was no significant differ-
ence in weight change among the three groups following the six-week treat-
ment. Further analyses demonstrated that participants in the innovative
intervention group showed reduced dietary intake compared to the other
two groups at the end of the six-week treatment period but that no signifi-
cant difference between groups was detected at the 12-, 26-, or 52-week
marks. Likewise, there were no differences among the three groups in phy-
sical activity level at any measurement point. Thus, it appears that the effi-
cacy of the intervention may have been undermined by poor compliance
with the key behavioral components of the program.

Marcus et al. (58) offered female smokers a smoking cessation inter-
vention that included information about diet and weight control followed
by 12 weeks of either a supervised exercise program (30–40 min of aerobic
exercise three times per week) or a nonspecific wellness program that
provided information about a variety of general health issues. At the end
of the treatment period, participants in the exercise program had gained sig-
nificantly less weight than participants in the control group (3.1 kg vs.
5.4 kg). At the 20- and 60-week follow-up periods, however, the differences
in weight gain between the two groups were no longer significant, leading
the authors to conclude that exercise can delay but not prevent postcessation
weight gain. They did note, however, that only 10% of the participants in the
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exercise condition reported continuing with a regular exercise regimen in the
12 months following the conclusion of the supervised exercise program, sug-
gesting that the failure to find differences between the exercise and control
groups at the follow-up periods may have been a result of reduction or
discontinuation of regular exercise. Much like the Hall et al. (57) study,
then, the results of this study demonstrate the need to monitor and address
problems with treatment adherence.

Perkins et al. (59) compared a seven-week program accompanying a
cognitive-behavioral smoking cessation intervention that represented either
(i) a behavioral weight control treatment that consisted of monitoring and
reducing caloric intake as well as identifying strategies to avoid overeating,
(ii) a cognitive-behavioral treatment (CBT) to reduce concerns about post-
cessation weight gain that involved discouragement of dietary restriction
and restructuring of beliefs about the ideal body size and shape, or (iii) a
control condition involving a support group that focused on general discus-
sion of smoking cessation without reference to weight gain. Both the beha-
vioral weight control program and the CBT weight concerns intervention
minimized weight gain at the end of treatment when compared to the con-
trol condition. Paradoxically, only the participants in the CBT group
differed from control participants at the 6- and 12-month follow-ups in
terms of weight gain. At the 12-month follow-up, the CBT group had gained
only 2.5 kg, whereas the weight management group and the control group
gained 5.4 and 7.7 kg, respectively. Interestingly, despite the superiority of
the CBT condition in terms of reducing postcessation weight gain, the data
did not support the efficacy of the intervention for its intended purpose (i.e.,
reducing weight concerns). The method by which the intervention attenu-
ated weight gain, then, is unclear.

Finally, Spring et al. (60) investigated an eight-week behavioral treat-
ment for weight control incorporated into a 16-week behavioral smoking
cessation program. These authors were interested in determining how the
timing of the weight control intervention would affect the treatment efficacy
for both of the targeted areas (i.e., smoking cessation and weight manage-
ment). Thus, participants in the treatment groups were assigned to complete
the weight control portion of the program either in the first eight weeks of
the program (early diet) or the second eight weeks (late diet). Participants
assigned to the control group did not receive any assistance with weight con-
trol. Results indicated that neither of the two treatment groups differed
from the control group at the end of treatment or at the nine-month
follow-up in terms of average weight gain. In a supplemental analysis, the
authors found that participants in the late diet condition who attended a
higher number of treatment sessions demonstrated less weight gain than
controls, whereas participants who attended a lower number of sessions
did not significantly differ from control participants. This finding may
reflect the possibility that weight can be minimized among a select group
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of smokers who demonstrate greater motivation and adherence to weight
control interventions.

In summary, the findings of the behavioral/CBT studies have not been
promising, especially with respect to long-term efficacy. Only one study
demonstrated any sustained reduction of weight gain due to treatment,
and it is unclear how this intervention helped to prevent weight gain given
that it did not achieve its primary goal (i.e., to reduce weight concerns). If
the Perkins et al. (59) findings can be successfully replicated, it would appear
to be important to determine the components of the cognitive-behavioral
intervention utilized in that study that were associated with reduced weight
gain. The findings of Marcus et al. (58) provide some hope that exercise may
limit postcessation weight gain but suggest that, in order to maintain the
benefits, one must make exercise a life-long endeavor.

Combined Treatments for Weight Control and Smoking Cessation

Several studies have examined the efficacy of combining behavioral weight
control interventions with nicotine replacement therapy. Three of these
investigations involved nicotine gum and one involved the nicotine patch.
Danielsson et al. (61) conducted a study in which female smokers who
had previously quit but resumed smoking due to weight gain were provided
with nicotine gum for 16 weeks (2mg initially, increased to 4mg if chewing
more than 20 pieces per day) and given behavioral recommendations to
facilitate smoking cessation. Half of the participants were also provided
with low-calorie meals to be eaten in three two-week intervals (i.e., weeks
1–2, 7–8, and 13–14 of the study). Despite the fact that adherence to the
low calorie diet decreased steadily from weeks 1 to 2 (75% of participants
compliant) through weeks 13 to 14 (18% of participants compliant), the diet
group had lost 2.1 kg of body weight by the end of the 16-week treatment,
whereas the control group gained an average of 1.6 kg. At the 12-month
follow-up, however, the difference in weight change between the diet and
control groups was no longer statistically significant. Unfortunately, the
authors did not report on the participants’ dietary intake over the course
of the follow-up period, but it seems probable to assume that the partici-
pants in the diet group did not continue to follow to the same low-calorie
diet that was provided by the researchers during the 16 weeks of treatment.
If it is, in fact, safe to make such an assumption, then participants in the diet
group most likely gained weight due to the discontinuation of this method of
weight control.

Nides et al. (31) offered a 12-week behavioral smoking cessation pro-
gram that included information about preventing postcessation weight gain
(i.e., cognitive-behavioral strategies to avoid increased energy intake). Study
participants were also encouraged to use nicotine gum and were provided
with 2-mg gum for a period of six months. After 12 months of abstinence,
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male subjects had gained an average of 5.5 kg, and females gained an aver-
age of 5.3 kg. Gum dose was inversely related to weight gain through 12
months, but not at the 24-month follow-up. Because this study was not a
RCT, strong conclusions about the efficacy of this combined form of treat-
ment cannot be made. Nevertheless, the results suggest that the use of nico-
tine gum along with behavioral recommendations for weight control does
not prevent postcessation weight gain in the long run, as the weight gain
following one year of abstinence is similar to or greater than the amount
gained by individuals using placebo gum or no gum in the studies of the
efficacy of nicotine gum reviewed in a previous section.

Pirie et al. (62) conducted a RCT in which the treatment groups
received either a behavioral weight-control intervention, nicotine gum
(2mg), or both in combination with a cognitive-behavioral smoking cessa-
tion program (62). The behavioral weight-control program consisted of
ongoing counseling to assist participants in reducing caloric intake and
increasing exercise to at least one hour of walking three times per week.
Participants were also provided with materials to monitor energy intake.
In this study, there were no significant differences among the treatment
groups and the control group in terms of weight gain at the end of the
eight-week treatment period or at the 12-month follow-up. It is important
to note, however, that compliance with the nicotine gum ranged from
93% to 99%, whereas compliance with the food record component of the
behavioral weight control program ranged from 23% to 69%. It seems, then,
that problems with adherence limited the potential efficacy of the weight
control intervention.

Ussher et al. (63) also reported the results of a RCT in which smokers
participated in a seven-week smoking cessation program that included a
nicotine replacement component (i.e., daily use of a 15-mg nicotine patch).
Participants were randomized into either an exercise condition or a general
health education (control) condition. Participants in the exercise condition
were provided with five minutes of individualized exercise planning during
the first session and approximately two minutes of goal monitoring and
encouragement for further exercise at each subsequent session, whereas
the control group received equivalent contact time during which the
researchers provided general health advice that included information about
diet. After six weeks of abstinence from smoking, there were no significant
differences in weight gain between the control group and the exercise group
(2.0 kg vs. 1.8 kg) even though measures of treatment adherence suggested
that participants in the exercise condition engaged in more physical activity
than the control group. This finding was based solely on self-reported exer-
cise behavior, however, and should be interpreted with some caution.

In general, data from the studies of combined treatments indicate
that the addition of a behavioral or cognitive-behavioral weight control
treatment in conjunction with nicotine replacement therapy does not result
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in less weight gain than nicotine replacement alone. The Danielsson et al.
(61) study is one notable exception, however, as participants who reduced
dietary intake significantly for two-week periods during the treatment phase
of the study in addition to chewing nicotine gum actually lost more weight
over the course of the 16-week study period than participants who used the
gum only. These weight-control benefits were not maintained in the long
term, however, probably due to discontinuation of the treatment. The
conclusions derived from combined intervention studies should also be
interpreted with some caution in light of evidence that adherence to
behavioral components of the treatment may be problematic.

CONCLUSIONS AND RECOMMENDATIONS
FOR FURTHER RESEARCH

Despite the known health consequences of both smoking and obesity, the
prevalence of these two risk factors for disease and early death remains alar-
mingly high in the United States. Obese smokers appear to be particularly
vulnerable to developing health problems due to the combined effects of
the two risk factors, yet little headway has been made in establishing effec-
tive interventions to address both smoking and obesity. Complicating the
combined treatment of these two conditions is the fact that most people
who quit smoking actually gain weight.

Although most smokers do tend to gain weight when they quit, esti-
mates of the amount of postcessation weight gain vary as a result of both
methodological and individual differences across studies that report these
data. Methodological factors contributing to variability in estimates of
weight gain following smoking cessation include the time period over which
the gain is measured, the operational definition of abstinence, and the type
and duration of adjunctive pharmacotherapies. Individual-level differences
that appear to moderate postcessation weight gain are age, heaviness of
smoking, race/ethnicity, physical activity level, precessation body weight,
and gender.

A number of investigations have focused on both societal-level and
individual-level consequences of weight gain following smoking cessation.
On a societal level, there has been some suggestion that smoking cessation
may be contributing to the increased prevalence of overweight and obesity
in the United States. By one estimate, approximately one-quarter of the
increased prevalence in men and one-sixth of the increased prevalence in
women can be attributed to smoking cessation (32).

On an individual level, weight gain following smoking cessation may
increase the risk of morbidity and mortality. There is no evidence to suggest,
however, that the benefits of smoking cessation are, on average, outweighed
by the risks associated with increased body weight. In fact, metabolic
profiles appear to improve in ex-smokers in spite of postcessation weight
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gain. Such findings may be due to the fact that weight gain following smok-
ing cessation is, in most cases, not large enough to produce negative health
consequences that are comparable to the consequences of continued smok-
ing. Major weight gains do occur, however, and can result in increased
health risks for former smokers. In such cases, the availability of treatments
that are effective in reducing postcessation weight gain becomes particularly
important.

The major finding that emerged from the review of literature focusing
on pharmacological, behavioral, and combined therapies for smoking cessa-
tion and weight control is that weight gain can be attenuated over the course
of treatment but that, following discontinuation of treatment, weight is
gained to the point where it would be expected to climb if the individual
had not received treatment. Of the pharmacological interventions reviewed,
nicotine gum, nicotine nasal spray, and buproprion SR have demonstrated
the most promise in terms of reducing weight gain during the period of use,
although these benefits do not seem to last following treatment discontinua-
tion. The nicotine patch and the nicotine inhaler, by contrast, have not
shown much potential for limiting postcessation weight gain.

Behavioral or cognitive-behavioral interventions involving dietary
modifications and exercise appear to have some capacity to reduce weight
gain in recent ex-smokers when they are compliant with the treatments.
Treatments that combine nicotine replacement therapy with behavioral or
cognitive-behavioral interventions do not appear to be superior to nicotine
replacement alone, however, in terms of limiting postcessation weight gain,
particularly in the long term. Importantly, the efficacy of the behavioral/
cognitive-behavioral weight control component of these programs appears
to be a function of adherence to the treatment regimen, which is typically
moderate to poor during the active treatment period and markedly poor
by the point at which long-term follow-ups are conducted. These studies
seem to suggest, then, that the modified diet and exercise regimen must be
continued indefinitely in order to maintain the associated weight-control
benefits. Further research is needed to empirically validate the long-term
efficacy of such an approach, however.

Because of the high probability that some increase in body mass will
occur as a result of smoking cessation and the finding that pharmacological,
behavioral, and combined interventions designed to prevent postcessation
weight gain have had limited success, perhaps more attention should be paid
to developing and evaluating effective interventions to prevent large, longer-
term weight gains following smoking cessation that have more severe nega-
tive health consequences. Such interventions would be particularly important
for individuals who are already overweight or obese and are consequently at
higher risk for weight-related health problems. Unfortunately, this popu-
lation of smokers has been largely overlooked in the treatment literature.
As such, future research on interventions for smoking cessation and
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weight management that target overweight and obese smokers in particular
is encouraged.

Perkins (64) has also suggested that interventions which minimize
unwarranted concerns about the weight gain that occurs frequently after
smoking cessation and assist recent exsmokers in coping with increases in
body mass may be beneficial which to help prevent smoking relapse, parti-
cularly for individuals who are at risk to resume smoking as a consequence
of postcessation weight gain. Such interventions may also reduce postcessa-
tion weight gain (59). The mechanism(s) by which this effect was achieved in
the Perkins et al. (59) study are unclear, however, and should be investigated
further.
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INTRODUCTION

This chapter examines the relationship between impulsive and compulsive
disorders as well as select obsessive-compulsive spectrum disorders
(OCSDs). Although there is no direct link between impulsive and compul-
sive disorders and obesity, individual disorders are associated with both
weight loss and weight gain. OCSD disorders with the strongest association
with clinical obesity include binge-eating disorder (BED) and Prader–Willi
Syndrome (PWS). The compulsive eating associated with these disorders
and the links between binge eating, PWS, and obsessive-compulsive disor-
der (OCD) will be explored closely in this chapter. Obesity and weight gain
may be directly related to other impulse control disorders as a result of
generalized problems with impulse control or may be indirectly related
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due to sedentary lifestyles (e.g., pathological gambling) and/or medication
side effects. The associated features and medication side effects can result
in clinically significant weight gain. This chapter will review the weight
gain issues associated with select compulsive, impulsive, and developmental
disorders comprising OCSD. In addition to reviews of extant litera-
ture, data on baseline weight will be presented across our own clinical
populations.

In recent years, OCD and related conditions have emerged as a distinct
spectrum of disorders (1). This has led to OCSDs being proposed as
a distinct diagnostic category in the research planning agenda for the
DSM-V and ICD-10. While the breadth of the inclusion criteria may be
of some debate, the OCSD and OCD overlap in many respects including
clinical symptoms (demographics, repetitive thoughts, and behaviors),
comorbidity, etiology, and preferential response to antiobsessional treat-
ments such as selective serotonin reuptake inhibitors (2,3). A seemingly
diverse group of psychiatric disorders may share the defining features of
OC spectrum disorders including disorders characterized by obsessive
thoughts about appearance, health, and eating (anorexia nervosa, body dys-
morphic disorder, and hypochondriais); disorders characterized by stereo-
typed, ritualistic behaviors (Tourette’s syndrome, trichotillomania, autism,
and Prader–Willi); and impulse control problems (e.g., pathological gam-
bling, compulsive shopping, and binge eating disorder) (4).

Conceptualization of OCSD from a dimensional, rather than catego-
rical perspective, has advanced diagnostic treatment and etiological investi-
gations of many conditions. As we have written elsewhere, dimensional
views include conceptualization on a spectrum of risk averse versus risk
seeking, with risk aversion associated with compulsive disorders and risk
seeking observed with impulse-control disorders (1). Compulsions are
thought to reduce anxiety related to overestimation of risks. Alternatively,
individuals with impulse-control disorders, may grossly underestimate the
risk involved with their behaviors and over-value fulfilling their pleasure-
seeking drive.

OCSDs may also share common neurobiological foundations. For
example, OCSDs may be characterized on a dimension of serotonin sensitiv-
ity and frontal lobe activity, with impulsive disorders characterized by hypo-
frontality and decreased presynaptic serotonergic levels, and compulsive
disorders associated with hyperfrontality and increased serotonergic sensi-
tivity (4). Serotonergic dysfunction in OCSDs is indirectly supported by
the wide use and efficacy of SRI treatments across spectrum disorders
including OCD, autism, pathological gambling, and eating disorders. Baxter
et al. (5), also suggest that OC spectrum may share an underlying dysfunc-
tion in the corticostriatal system, with the specific area of dysfunction within
the system differing across disorders.
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OBSESSIVE COMPULSIVE DISORDER

OCD is estimated to affect approximately 2.3% of the United States popula-
tion and its symptomalogy provides the basis for classification of OCSDs
(6). OCD is characterized by complaints of persistent or repetitive thoughts
(obsessions) or behaviors (compulsions). Those who suffer from this disor-
der feel compelled to continue these actions despite an awareness that the
thoughts or behaviors may be excessive or inappropriate, and feel distress
if they stop them (7). Treatment regimens for OCD vary according to the
severity and course of the disorder. The most common forms of treatment
are serotonin reuptake inhibitors, which typically produce at least some clin-
ical benefit in most patients with OCD (8). Other forms of treatment include
cognitive behavioral approaches such as exposure þ response (ERP), SRIs
with adjunctive treatment (i.e., atypicals), and more recently, deep brain
stimulation (9–11).

No studies to date have documented a link between obesity and OCD.
As previously indicated, compulsive eating can be a characteristic of OCD
and the prevalence of OCD in disorders characterized by compulsive eating
(BED, PWS) is high (12,13). In addition, some antipsychotic medications
which may be used as adjuncts to SRIs, are associated with significant
weight gain (14–17). Newer atypical antipsychotics such as ziprasidone
and quetiapine, however, show less weight gain (18). Clinical considerations
in treating obesity in patients with OCD include the risk of exacerbating
patients’ obsessions by emphasizing potential health risks associated with
obesity and weight gain.

BODY DYSMORPHIC DISORDER

Body dysmorphic disorder (BDD) is defined as an intense preoccupation
with a defect in appearance, in which the defect is either imagined, or, if a
slight physical anomaly is present, the individuals concern is markedly
excessive. These excessive concerns characteristically cause clinically signifi-
cant distress or impairment in social, occupational or other important areas
of functioning and are devastating to individuals with BDD. The true pre-
valence of BDD is unknown, however, estimates range from 0.7% to 1.9%
in the United States population (19–21).

BDD is considered to be an OC spectrum disorder due to its simila-
rities in phenomology and possible treatment response with OCD. Acc-
ording to McElroy et al. (22), ‘‘BDD preoccupations are ‘structurally’
similar to OCD obsessions in which they are often experienced as repeti-
tive intrusive thoughts that are associated with anxiety or distress and
are usually difficult to control.’’ Most individuals with BDD exhibit com-
pulsive-like behaviors, such as mirror checking, excessive grooming, skin
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picking, and frequent requests for reassurance related to their fixations.
The most common treatment approach to BDD is medication, with SRI
medications being the most promising. SRI medications can significantly
relieve BDD symptoms by diminishing bodily preoccupation, distress,
depression, and anxiety, significantly increasing control over one’s
thoughts and behaviors and improving overall functioning (23). Cognitive
behavioral approaches are also used to treat BDD through the use of
response prevention of checking behaviors and cognitive restructuring to
help a person with BDD to develop a more realistic view of their appear-
ance. This type of therapy has so far proved quite effective in the treat-
ment of BDD (24).

With regards to the possible relationship between obesity and BDD,
no studies to date have sought to determine a link between the two. How-
ever, since individuals with BDD are extremely fixated on their appearance,
a causative link between the two is unlikely. Obesity can be comorbid with
BDD, however, if an individual with BDD is obese, the individual will focus
not only on his/her weight, but also on specific body parts (e.g., calves).
When a clinician treats an obese patient, special consideration should be
made not to over-emphasize the physical aspect of the obesity, lest it become
an obsession.

EATING DISORDERS

Since a more comprehensive review of eating disorders is found in the pre-
vious chapter, this chapter focusses on the obsessive and compulsive fea-
tures of eating disorders. The three major eating disorders, anorexia
nervosa, bulimia nervosa, and BEDs, have features consistent with the
OC spectrum profile. A study by Speranza et al. (25) found current and life-
time prevalence of OCD in eating disordered individuals to be significantly
higher than in the general population (15.7% and 19% vs. 0% and 1.1%,
p¼ 0.05). Individuals with bulimia nervosa, a condition characterized by
episodes of binge eating followed by recurrent inappropriate compensatory
behavior in order to prevent weight gain, exhibit obsessive–compulsive
symptoms insofar as their inability to control their compulsive overeating,
compensatory behavior, and the repetitiveness of their eating behavior.
Anorexia nervosa is defined as a refusal to maintain body weight at or above
a minimally normal weight for age and height coupled with intense fear of
getting fat or gaining weight. Individuals with anorexia often exhibit OC
spectrum symptoms including obsessions and rituals with food, meticulous
detail of caloric intake, and extreme concern with body shape, size, and weight.

BED is the only eating disorder associated with obesity. BED is a
newly recognized eating disorder characterized by recurrent episodes of
binge eating without extreme behaviors to lose weight characteristic of
bulimia nervosa or anorexia nervosa (such as vomiting, misuse of laxatives,
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fasting, or excessive exercise) (26,27). BED is not a formal diagnosis within
the DSM-IV, although it is a generally accepted condition in clinical prac-
tice. Prevalence rates of BED range from 2% to 5% in community samples
(28,29).

Individuals with BED are often overweight or obese (30,31). In weight
control clinics, individuals with binge eating patterns are on average more
obese and have a history of more marked weight fluctuations than indivi-
duals without this pattern. Moreover, the prevalence of BED seems to
increase with the degree of obesity (32). Of note, a study by Becker et al.
(33) showed obese women in their representative sample to have the highest
rates of anxiety disorder, affective disorders, somatoform disorders, and
disorders of childhood. In some cases (i.e., anxiety and somatoform disor-
ders) prevalence rates for obese women were almost double the rates of
the normal weight group.

As outlined by McElroy et al. (34) in their article ‘‘Obsessive Compul-
sive Spectrum Disorders’’ several lines of evidence suggest that BED is
related to OCD insofar as phenomology, secrecy, course of illness, and
comorbidity. Beginning with phenomology, individuals with BED exhibit
an extreme preoccupation with food, body weight, and the urge to binge
eat similar to OCD obsessions. Similarities to OCD compulsions involve
the actual binge eating behavior: eating very rapidly, eating large amounts
of food until uncomfortably full, and feeling disgust, guilt or depression
after overeating. Likewise, ‘‘the lack of satiety individuals with BED
described during bingeing is similar to the lack of completeness some
persons with OCD experience while ritualizing’’ (34). Course of illness for
BED and OCD is also similar, with onset of both disorders typically begin-
ning in adolescence or early adulthood; among those presenting for treat-
ment, the course appears to be chronic. Binge eating is often a secretive
disorder, as many individuals eat alone due to embarrassment about how
much they are eating.

Numerous studies have outlined the occurrence of psychopathology
(including OCD symptomology) in individuals with BED. In a study of
Brazilian BED patients, Fontenelle et al. (35) found that Brazilian obese
binge eaters (OBE) are significantly more likely to be affected than obese
non-binge eaters (OBNE) during their lifetime by Axis I disorders (59.3%
vs. 24.2%), mood disorders (34.3% vs. 12.1%) (including current or past
MDD), and anxiety disorders (43.7% vs. 21.2%). Similar rates of Axis I
disorders were also found in North American OBE populations (36,37).

In a study by Bulik et al. (38) binge eating was associated with elevated
scores on depression, anxiety/phobia, and neurovegetative symptoms (i.e.,
insomnia, agitation, retardation, and obsessive–compulsive traits). Similarly,
in a study by Fassino et al. (39), researchers found that obese patients with
BED show greater levels of hostility, criticism, and externalized anger, inde-
pendent of depression levels; additionally, in obese patients with BED, anger
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was strongly correlated to impulsivity. In a review of impulsivity in eating dis-
orders, Dawe and Loxton (40) found heightened impulsivity in binge eating
women from clinical and nonclinical settings. A positive relationship between
measures of bulimic behavior and a component of impulsivity was also found,
which lends support to a specific relationship between binge eating and rash-
spontaneous impulsivity, especially in response to negative affect.

CBT is the most widely investigated treatment for BED and is often the
treatment of choice for the disorder (41). Psychopharmacological treatments
have also been investigated in controlled clinical trials for BED including
SRIs, anti-obesity medications such as sibutramine, and anti-convulsants
such as topiramate. SRIs have been the most widely studied, but all three
classes of drugs have been shown to be effective in reducing binging and
body weight in short-term trials (42).

IMPULSE-CONTROL DISORDERS AND BORDERLINE
PERSONALITY DISORDER

Within the DSM-IV TR, pathological gambling, kleptomania (compulsive
stealing), intermittent explosive disorder, pyromania (compulsive fireset-
ting), and trichotillomania (compulsive hair pulling) are classified as
impulse-control disorders (ICDs) not otherwise specified. Within the
obsessive-compulsive spectrum, people afflicted with an impulse control
disorder act on their impulses, despite the long-term consequences of their
actions. As a group, these disorders are relatively understudied in terms
of epidemiology and targeted treatments. Currently, there are other disor-
ders such as sexual compulsivity, internet addiction, and compulsive shop-
ping, which are not in the DSM-IV-TR, yet may fit under the heading of
impulse control disorders not otherwise specified. These disorders may be
considered as impulsive–compulsive disorders for the DSM-V. This section
covers both DSM-IV impulse disorders and those not yet classified in the
diagnostic system.

There are no statistics on obesity in relation to any of the ICDs; there-
fore, we assessed rates of obesity in our clinical sample (Table 1). Within this
sample, all patients responded to a newspaper ad, flyer, website, or were
referred to us by another physician for participation in one of our programs
for pathological gambling, internet addiction, sexual compulsivity, or
borderline personality disorder (BPD). The pathological gambling and
BPD patients met criteria for a DSM-IV diagnosis. The internet addiction
and sexual compulsivity patients met our criteria for their respective disor-
ders. We recorded the height and weight of all the participants and calcu-
lated their body mass index (BMI). Analyses of interest will be discussed
in relation to each disorder.

Within the impulse control disorders, the most studied disorder is
pathological gambling (PG). According to the DSM-IV-TR, pathological
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gambling is characterized by ‘‘persistent and recurrent maladaptive gam-
bling behavior that disrupts personal, family, or vocational pursuits’’
(DSM-IV). The distinction between a pathological gambler and a recrea-
tional or professional gambler, is that a pathological gambler’s habit causes
severe negative consequences such as deterioration of relationships with
family and friends, and illegal actions to obtain money that may lead to
imprisonment. PG has a prevalence of 1.6% in United States adults, a
chronic and progressive course, and is associated with up to 20% suicide
attempt rate (43,44). Comorbidity is common, particularly with substance
abuse, OCD, anxiety, attention-deficit/hyperactivity, mood disorders, and
binge eating. Additionally, men are twice as likely to be afflicted with patho-
logical gambling than women (45).

Pharmacological and cognitive behavioral treatments have been effica-
cious in treating a PG population (46). Clomipramine, fluvoxamine, citalo-
pram, paroxetine, and fluoxetine have all alleviated gambling symptoms. In
gamblers with bipolar spectrum features, lithobid has reduced gambling
symptoms and mood swings (47–53).

There is a shortage of literature pertaining to obesity and gambling. In
a sample of college students, one study found significantly higher rates of
binge eating in problem and pathological gamblers when compared to
nongamblers and social gamblers (54). However, there was no distinction
as to the role obesity played in this population. Within our clinical sample
of 105 patients that met criteria for pathological gambling, 11 (10.5%)

Table 1 BMI in Our Clinical Sample

Percent of sample

Diagnosis

Under-
weight

(BMI < 20)

Normal
weight
(BMI:

20–24.99)

Overweight
(BMI:

25–29.99)
Obese

(BMI > 30)

Overweight
and obese
combined
(BMI > 25)

Pathological
gambling
(n¼ 105)

10.5 % 26.7 % 26.7 % 36.2 % 62.9%

Sexual
compulsivity
(n¼ 31)

0.0 % 32.3 % 41.9 % 25.8 % 67.7%

Internet addiction
(n¼ 21)

4.8 % 61.9 % 14.3 % 19.0 % 33.3%

BPD (n¼ 33) 12.1% 24.2 % 27.3 % 36.4 % 63.7%
ICDs population
(n¼ 190)

Abbreviations: BMI, body mass index; BPD, boderline personality disorder; ICDS, impulse-

control disorders.
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had a BMI under 20, 28 (26.7%) had a BMI between 20 and 24.99, 28 (26.7%)
had a BMI between 25 and 29.99, and 38 (36.2%) had a BMI over 30 (Table 1).
In comparison to the other ICDs, sexual compulsivity and internet addiction,
the pathological gambling population had much higher BMIs that were clas-
sified as overweight or obese (Table 1). Similar rates were found in our BPD
population. However, these analyses are limited by sample size and program
seeking nature of the population. One possible reason for the higher BMIs in
this population could be due to the sedentary nature of the disorder. PG is
also comorbid with BED, which can lead to obesity (54).

Kleptomania, or compulsive stealing, is rare in the general population,
although exact prevalence rates are unknown (DSM-IV TR). There is no
recommended treatment for kleptomania. In a sample of 22 patients diag-
nosed with kleptomania, 3 (13.6%) had comorbid binge eating (55). In a
Swedish sample, 43% of kleptomaniacs had ‘‘food issues,’’ although the
types of food issues were not specified (56).

Persons diagnosed with intermittent explosive disorder (IED) experi-
ence specific periods in which they cannot control their aggressive impulses.
According to the DSM-IV TR, IED is a rare disorder, although there are no
prevalence studies to provide an estimate. SRIs, mood stabilizers, and aty-
pical antipsychotics are clinically useful for the treatment of IED. Clozapine
has been efficacious in treating adolescents with IED, although this treat-
ment does cause weight gain in some patients (57). There are no obesity sta-
tistics in an IED population.

Pyromania, or compulsively setting fires, is relatively rare within the
population and there is no targeted treatment for this disorder. The preva-
lence rates of trichotillomania, or compulsive hair pulling, are also unknown,
however it appears to be a rare disorder. Behavioral therapies have been
reported to be effective and there have been mixed results with different phar-
macological treatments (58–69). Rates of obesity within these populations
are unavailable.

Patients afflicted with sexual compulsivity, or problematic sexual
behavior, frequently engage in episodes of anonymous sexual behavior with
multiple partners without regard to the consequences (70). There are no pre-
valence rates for this population and there is a shortage of literature on tar-
geted treatments, although fluoxetine has been shown to be efficacious in
men with comorbid sexual compulsivity and depression (71). In our clinical
sample of patients with sexual compulsivity (Table 1), rates of obesity were
lower than the general population (25.8% in our sample and 30% in the gen-
eral population), while rates of overweight individuals was higher in our
clinical sample than in the general population (41.9% in our clinical sample
and 34% in the general population). Further research in a larger sample is
needed to clarify the relationship between sexual compulsivity and obesity.

Internet addiction or problematic internet use is not in the DSM-IV
TR and its prevalence is unknown. Internet addiction is thought to be
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characterized by both impulsive and compulsive features. While some
patients report the difficulties inresisting the urge to be online, others report
that they ‘‘zone out’’ during internet use. Patients with Internet addiction
often neglect household or work responsibilities. There are currently no
treatments for Internet addiction. In a sample of 20 patients diagnosed with
Internet addiction, two (10%) had a current diagnosis of comorbid binge
eating and four (20%) had a lifetime diagnosis of binge eating (72). In our
clinical sample, the vast majority of patients diagnosed with Internet addic-
tion were of normal weight (Table 1).

Compulsive shopping is characterized by an overwhelming urge to buy
items that are not needed, which results in financial issues, and psychological
distress (73). Selective serotonin reuptake inhibitors have shown mixed
results in treating compulsive shopping (74–77). Although there are no rates
of obesity in a compulsive shopping population, Ninan et al. (78) assessed a
sample of 42 compulsive shoppers and found that four (9.5%) had comorbid
binge eating. Further research is needed to illuminate the relationship between
impulse control, lifestyle, and weight.

The three key symptomdomains ofBPDare emptiness, anger, and impul-
sivity. Patients afflictedwithBPD engage in problematic relationships, perform
impulsive behavior that can lead to harmful consequences, cannot control their
anger, frequently experience affective instability, and feel chronic feelings of
emptiness. Within the obsessive–compulsive spectrum, BPD patients act on
their impulsive urges without regard to the cost of their actions. Approximately
2% of the population is afflicted with BPD (DSM-IV TR). Dialectical Beha-
vioral Therapy (DBT), developed by Marsha Linehan, is an effective therapy
(79,80). Pharmacotherapies such as clozapine, risperidone, divalproex sodium
have shown efficacy (81–86). Olanzapine has been effective in treating BPD,
however, it does cause some weight gain (87).

Several studies have found a link between BPD and obesity (88–91).
Sansone et al. (92) assessed a sample of obese women with the diagnostic
interview for borderline patients. Seven percent of the sample met the
criteria for BPD, which is a much higher rate than in the general population.
The authors hypothesize that the relationship between obesity and BPD
may be due in part to ‘‘self-regulatory deficits’’ which may result in
overeating (93). These self-regulatory deficits can also be conceptualized
as an impulse control problem within the obsessive compulsive spectrum.
In our clinical sample (Table 1), 36.4% of the patients were obese, which
is a higher rate than the general population.

DEVELOPMENTAL DISORDERS

Obesity is a part of the clinical presentation of a number of developmental
disorders including PWS, Cohen syndrome, and Bardet-Biedl syndrome
(94). Of these conditions, PWS also has impulsive and compulsive behaviors
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that are considered core features of the syndrome. PWS is a complex, multi-
system genetic disorder caused by genetic abnormalities on chromosome 15q
on a region known as the Prader–Willi/Angelman critical region (PWACR).
PWS has an estimated prevalence of 1/10,000 to 1/15,000 with an approxi-
mately equal male:female ratio.

The clinical features of PWS vary by age. The cardinal symptom of
PWS in infancy is severe hypotonia. A number of failure to thrive symptoms
are associated with the hypotonia including feeding difficulties as a result of
poor suckling response, slow weight gain, and impaired growth. Between
two and four years, the other defining feature of the disorder, hyperphagia,
emerges and results in rapid weight gain and extreme obesity. Dysmophic
and other physical features of PWS include short stature, almond shaped
eyes, smaller hands and feet, and hypogonadism. PWS is also associated
with mild to moderate mental retardation, characteristic behavior problems
that persist into adulthood (e.g., temper tantrums and aggression), and a
number of psychiatric conditions including OCD, bipolar disorder, and
severe affective disorder with psychosis (94).

Compulsive behaviors in PWS include compulsive eating, insistence
on sameness, perseverations, hoarding, and skin-picking (95). Clarke et
al. (96) conducted a population-based study of compulsions in individuals
with PWS. The authors found that the majority of individuals exhibited a
greater number and severity of compulsive symptoms than a comparison
group of individuals with similar intellectual disabilities and BMIs. The
need to ask or confess (49.1%) and adherence to routines (29.8%) were
the most commonly reported compulsions by caregivers. The more classic
OCD behaviors such as hand washing and checking, and obsessions are
less prevalent than the other compulsions. Other studies have found
skin-picking to be prevalent in individuals with PWS, occurring in 78%
of the sample in one study (95). Factor analytic studies evaluating the rela-
tionships between compulsive behaviors in PWS suggest that skin-picking
is not strongly associated with other compulsive behaviors (97). These
investigations suggest that skin-picking in PWS, may represent the plea-
sure-seeking or impulsive behaviors, rather than the anxiety-reduction
dimension of the OC spectrum.

Although the motor problems, compulsions, and disruptive behaviors
cause significant impairment in PWS, obesity is the most prominent feature
and the leading cause of death, with approximately 90% of individuals with
PWS meeting criteria for clinical obesity (98). The average BMI for indivi-
duals with PWS was found to be 31.6 kg in the previously cited population-
based investigation (96). Individuals with PWS frequently experience com-
mon obesity-related problem such as Type II diabetes, heart disease, and
skin problems on the legs such as chronic edema and thrombophlebitis
(94). In addition, the food-seeking behaviors in PWS cause distress
for families and the individuals. Individuals with PWS have an extreme
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obsession with food and have impairments in their sense of satiety. Clinical
observations commonly include significant efforts and time spent in food-
seeking activities such as hoarding and sneaking food, gorging food, and eat-
ing unappetizing foods such as pet food, garbage, and sticks of butter. The
eating behaviors in PWS are thought to be related with compulsivity, with
more ritualized eating behaviors observed in PWS compared to obese indivi-
duals matched for intellectual functioning (99).

Although the etiology and mechanisms for the hyperphagia in PWS is
not known, studies indicate that the chromosomal abnormalities in 15q11
result in hypothalamic dysfunction (100). A number of hypothalamic defi-
cits are observed in PWS including the lack of sense satiety, severe growth
hormone deficiency resulting in short stature and medical complications,
hypoganadism, and sleep and temperature regulation difficulties. Zipf
et al. (101) reported that impaired polypeptide release after a meal might
be related to the hypothalamic dysfunction in PWS. Delparigi et al. (102)
suggests that ghrelin, a novel orexigenic hormone, is elevated in PWS.
Ghrelin is an endogenous hormone released by the stomach and is involved
in maintaining energy, initiating meals, and decreasing fat utilization in
rodents. Ghrelin levels are found to be high before a meal and decrease
afterwards. Delparigi et al. (102) found that individuals with PWS did not
have variations in ghrelin levels before and after meals which may be an
explanation for the hyperphagia and lack of satiety.

Given the complexity of the disorder, a multi-disciplinary medical and
behavioral treatment approach in PWS is necessary. A targeted symptom
approach is used in PWS for treating the obesity, compulsive behaviors,
behavior disorders, and hormone regulation deficiencies individually. Obe-
sity in PWS has been treated with both behavioral and medical interven-
tions. Behavioral treatments include environmental controls such as close
supervision, locking cabinets, refrigerator doors, and diet controls including
low-calorie, low-fat diets. Many individuals with PWS are placed in residen-
tial settings because of the environmental modifications required to control
their diets (103). Growth hormone treatment has also been used to success-
fully modify body composition in PWS, resulting in reduced body fat and
increased lean body mass (100). Finally, several studies have attempted
the use of Topiramate in individuals with PWS. Topiramate is a novel anti-
epileptic, which has shown preliminary efficacy in the treatment of BED, in
individuals with PWS. One study found Topiramate was effective in redu-
cing skin-picking, improving mood, and stabilizing weight (104). However,
Shapira et al. (105) confirmed the beneficial effects of tompiramate on
skin-picking, but found no improvements in weight gain. In summary, the
current treatments for obesity in PWS appear to be moderately effective
in controlling hyperphagia. Research on treatments for PWS is in its nascent
stages and will hopefully explore combined behavioral and medical treat-
ments for the condition as the field advances.
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Another developmental disorder with OC spectrum features is autism
spectrum disorders (ASDs). Autism is one of the most severe neuropsychia-
tric developmental disorders defined by impairments in three cores symptom
domains: communication, socialization, and repetitive behaviors/restricted
interests. ASDs include autistic disorder, Asperger’s disorder, and pervasive
developmental disorder, not otherwise specified (PDD-NOS) and are distin-
guished by differences in severity and number of the core symptoms. While
prevalence rates are currently debated, conservative estimates suggest preva-
lence rates of 27.5/10,000 for the combined spectrum disorders (10/10,000
for the full condition of autistic disorder, 1.7/10,000 for Asperger’s, and
15/10,000 for PDD-NOS), although some studies provide prevalence esti-
mates almost twice as high (106). Currently, there is no FDA approved treat-
ment for the syndrome of autism. Currently, a multi-modal treatment
approach is recommended for ASD with educational (e.g., applied behavior
analysis), medical interventions (e.g., SSRI treatments for repetitive beha-
viors, atypical and anticonvulsants for disruptive behaviors), and social skills
interventions used to treat the core and associated symptoms of autism.

ASD shares commonalities in terms of symptom presentation, treat-
ment, and possibly genetic etiology with PWS. Both disorders have also
been associated with abnormalities on chromosome 15q (107). Furthermore,
both disorders also share compulsive (e.g., need for sameness), impulsive
(self-injury), and impaired social behaviors. The compulsive core of
ASD, a diagnostic symptom domain, includes stereotyped movements
such as hand flapping and rocking; maintenance of rigid routines; repetitive,
nonfunctional toy play; restricted eating patterns; repetitive questions or
verbal rituals; and immediate and delayed echolalia. Although impulsivity
is not a core feature, it is commonly associated with ASD and includes
behaviors such as self-injury (e.g., head banging and skin-picking), aggres-
sivity, and hyperactivity. It has been hypothesized that the stereotyped
and repetitive behaviors in autism may actually span across the dimension
of risk-averse versus risk-seeking in OC spectrum conditions. Lower-order
behaviors, such as self-stimulatory hand flapping, may serve more of a plea-
sure-seeking, self-reinforcement function and thus may be more akin to
impulse control disorders. Alternatively, higher-order behaviors, such as
the need for sameness and verbal rituals, may serve an anxiolytic function,
and be more akin to compulsive behaviors in anxiety disorders such as OCD
Anagnostou E (personal communication).

Although obesity is not a commonly associated feature in ASD, exces-
sive weight gain during administration of atypical neuroleptics in children
with ASD is a growing concern. Risperidone is the most widely used and
studied neuroleptic in ASD and has been effective in reducing aggression,
irritability, and other impulsive behaviors associated with autism in an
eight-week, randomized, double-blind placebo controlled trial conducted
by the Research Units on Pediatric Psychopharmacology Autism Network
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(108). Weight gain is a commonly reported side effect in both open-label and
controlled evaluations of risperidone (109). The RUPP network found clini-
cally and statistically significant weight gain in the eight-week trial, with an
average increase of approximately 5.9 lbs for the treatment group and 1.76
lbs for placebo [ p < 0.001 for each comparison, (108)]. In a long-term (6mo)
follow-up trial, the RUPP studies reported absolute weight and BMI increases
of 16.7%, which was more than expected based on developmentally normative
growth during that period. Martin et al. (110) found a curvilinear effect, with
rate of weight gain slowing over time.

Our own studies with the atypical antipsychotic, olanzapine, suggests
olanzapine is also associated with significant weight gain. Hollander et al.
(111) evaluated the effects of olanzapine on the impulsive behaviors in nine
children with ASD in a randomized, short-term (eight-week), double-blind,
placebo controlled trial. The average weight gain for children taking olanza-
pine was 9 lbs (sd¼ 3.5) compared to 1.5 lbs (sd¼ 1.47) in the placebo group
(t¼ 3.935, p¼ 0.006). The weight gain associated with olanzapine in our
trial is supported by open-label studies (112).

The mechanism by which atypical antipsychotics produce weight gain
is currently unknown. Some studies suggest that the weight gain results from
increased appetite, possibly from desensitization of leptin receptors such
that the satiety centers do not receive adequate feedback (113). Evidence
for temporary or permanent changes in metabolism are not available and
are considered unlikely.

The rapid and sudden weight gain associated with atypical antipsy-
chotic use in ASD is of serious clinical concern, given the wide use of this
class of drugs in children with ASD. Anecdotal reports and the long-term
RUPP trial suggest that weight gain within the first few weeks of adminis-
tration could be predictive of overall weight gain. As such, clinicians using
atypical antipsychotics may consider alternatives when rapid weight gain is
observed during the initial phase of treatment. In addition to the long-term
health risks (e.g., diabetes), clinical reports of increased frustration and
aggression related to food may also create immediate problems in family
functioning. As such, future investigations of atypical antipsychotics in this
population should specifically evaluate the hypothesized mechanisms for
weight gain, albeit, leptin receptor desensitization, or increased insulin
levels. Identifying such mechanisms may provide avenues to use this power-
ful treatment in a safer and clinically meaningful manner.

SUMMARY

Our review of the literature exposes the paucity of information available on
the relationship between OC spectrum conditions and obesity. Compulsive
eating is clearly related to some cases of obesity, particularly in the cases of
BED and PWS. The nature of compulsive eating in these disorders is akin to
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other compulsions such as those reported in OCD, in which compulsions are
associated with a drop in anxiety and sense of temporary relief. The high
co-morbidity of OCD and other compulsive behaviors also suggests an
important commonality in the phenomology of these disorders. Further
investigations of the comorbidity of compulsive eating in other OC
spectrum disorders are needed to evaluate the true prevalence and nature
of this problem.

Obesity also appears to be related to OC spectrum conditions as a sec-
ondary effect of medication and lifestyle. That is, obesity is found in higher
rates than expected in our compulsive gambling and borderline personality
disorder populations. Exploring the relationships between compulsive eat-
ing and lifestyle issues such as activity level and diet are warranted to better
understand the rates of obesity found in our sample. Finally, the rates of
obesity observed in studies of atypical antipsychotics used with children
with autism spectrum disorders merit attention. Although various atypicals
have been found to reduce incidence of weight gain in other mental disor-
ders, the rapid weight gain associated with atypical antipsychotic use in
some patients with autism should be investigated in longitudinal studies.

REFERENCES

1. Hollander E. Obsessive-Compulsive-Related Disorder. Washington, DC:
American Psychiatric Press, 1993.

2. Rasmussen. Obsessive compulsive spectrum disorders. J Clin Psychiatry 1994;
55:89–91.

3. Hollander E. Treatment of obsessive-compulsive spectrum disorders with
SSSRIs. Br J Psychiatry 1998; 173(suppl 35):7–12.

4. Allen A, King A, Hollander E. Obsessive compulsive spectrum disorders.
Dialog Clin Neurosci, Anxiety II 2003; 5(3):259–271.

5. Baxter LR, Schwartz JM, Guze BH, Bergman K, Szuba MP. Neuroimaging in
obsessive-compulsive disorders: seeking the mediating neuroanatomy. In:
Jenike MA, Baer L, Minichiello W, eds. Obessive Compulsive Disorders:
Practical Management. 2nd ed. Chicago, III: Year Book Medical Publishers,
1990:167–188.

6. Narrow WE, Rae DS, Regier DA. NIMH epidemiology note: prevalence of
anxiety disorders. One-year prevalence best estimates calculated from ECA
and NCS data. Population estimates based on U.S. Census estimated residen-
tial population age 18 to 54 on July 1, 1998. Unpublished.

7. American Psychiatric Association. Diagnostic and StatisticalManual ofMental
Disorders. 4th ed. Washington, DC: American Psychiatric Association; 1994.

8. Greenberg BD, Altemus M. The role of neurotransmitters and neuropeptides
in obsessive-compulsive disorder. Greenberg and Altemus. Int Rev Psychiatry
1997; 9:31–34.

9. Rabheru K, Persad E. A review of continuation and maintenance electrocon-
vulsive therapy. Can J Psychiatry 1997; 43:305–306.

158 Soorya et al.



10. Anderson D, Ahmed A. Treatment of patients with intractable obsessive-
compulsive disorder with anterior capsular stimulation. J Neurosurg 2003;
98:1104–1108.

11. Nuttin BJ, Gabriels LA, Cosyns PR, et al. Long-term electrical capsular sti-
mulation in patients with obsessive-compulsive disorder. Neurosurgery 2003;
52:1263–1274.

12. Speranza M, Corcos M, Godart N, et al. Obsessive compulsive disorders in
eating disorders. Autumn 2001; 2:193–207.

13. Wigren M, Hansen S. Rituals and compulsivity in Prader-Willi syndrome: pro-
file and stability. J Intell Dis Res 2003; 47(6):428–438.

14. Metin O, Yazici K, Tot S, Yazici AE. Amisulpirirde augmentation in treat-
ment resistant obsessive-compulsive disorder: an open trial. Hum Psychophar-
macol 2003; 18:463–467.

15. Bystritsky A, Ackerman DL, Rosen RM, et al. Augmentation of serotonin
reuptake inhibitors in refractory obsessive–compulsive disorder using adjunc-
tive olanzapine: a placebo-controlled trial. J Clin Psychiatry 2004; 65:565–568.

16. Bogetto F, Bellino S, Vaschetto P, Ziero S. Olanzapine augmentation of flu-
voxamine-refractory obsessive-compulsive disorder (OCD): a 12-week open
trial. Psychiatry Res 2000; 96:91–98.

17. Fava M, Judge R, Hoog SL, Nilsson ME, Koke SC. Fluoxetine versus sertra-
line and paroxetine in major depressive disorder: changes in weight with long
term treatment. J Clin Psychiatry 2000; 61:863–867.

18. Allison DB, Mentore JL, Heo M, et al. Antipsychotic induced weight gain: a
comprehensive research synthesis. Am J Psychiatry 1999; 156:1686–1696.

19. Otto MW, Wilhelm S, Cohen LS, Harlow BL. Prevalence of body dysmorphic
disorder in a community sample of women. Am J Psychiatry 2001; 158:2061–
2063.

20. Phillips KA, Atala KD, Pope HG. Diagnostic instruments for body dys-
morphic disorder. In: New Research Program and Abstracts, American Psy-
chiatric Association 148th Annual Meeting. Miami: American Psychiatric
Association, 1995:157.

21. Rich N, Rosen JC, Orosan PG, Reiter JT. Prevalence of body dysmorphic dis-
order in non-clinical populations. Presented at: Association for the Advance-
ment of Behavior Therapy; Boston, Massachusetts: November 2, 1992.

22. McElroy SL, Phillips KA, Keck PE Jr. Obsessive compulsive spectrum disor-
der. J Clin Psychiatry 1994; 55(suppl: 33–51); discussion 52–53.

23. Phillips KA, Albertini RS, Siniscalchi JM, Khan A, Robinson M. Effective-
ness of pharmacotherapy for body dysmorphic disorder: a chart review study.
J Clin Psychiatry 2001; 62:721–727.

24. Neziroglu F, Khemlani-Patel S. A review of cognitive and behavioral treat-
ment for body dysmorphic disorder. CNS Spectr 2002; 7:464–471.

25. Speranza M, Corcos M, Godart N, et al. Obsessive compulsive disorders in
eating disorders. Autumn 2001; 2:193–207.

26. de Zwaan M, Mitchell JE, Raymond NC, Spitzer RL. Binge eating disorder:
clinical features and treatment of a new diagnosis. Harv Rev Psychiatry 1999;
1:310–325.

Obesity and Impulsive and Compulsive Disorders 159



27. Agras WS. Treatment of binge-eating disorder. In: Gabbard GO, ed. Treat-
ment of Psychiatric Disorders. Washington, DC: American Psychiatric Press,
2001:2209–2219.

28. Spitzer RL, Yanovski S, Wadden T, et al. Binge eating disorder: its further
validation in a multisite study. Int J Eat Disord 2003; 13:137–153.

29. American Psychiatric Association Work Group on Eating Disorders. Practice
guideline for the treatment of patients with eating disorders (revision). Am J
Psychiat 2000; 157(suppl 1):1–39.

30. de Zwaan M. Binge eating disorder and obesity. Int J Obes Relat Metab Dis-
ord 2001; 25(suppl 1):S51–S55.

31. Telch CF, Agras WS, Rossiter EM. Binge eating increases with increasing
adiposity. Int J Eat Disord 1988; 7:115–119.

32. Dingemans AE, Bruna MJ, van Furth EF. Binge eating disorder: a review. Int
J Obes 2002; 26:299–307.

33. Becker ES, Margraf J, Turke V, Soeder U, Neumer S. Obesity and mental ill-
ness in a representative sample of young women. Int J Obes 2001; 1(suppl
25):S5–S9.

34. McElroy SL, Phillips KA, Keck PE Jr. Obsessive compulsive spectrum disor-
der. J Clin Psychiatry 1994; 55(suppl: 33–51); discussion 52–53.

35. Fontenelle LF, Mendlowicz MV, Bezerra de Menezes G, et al. Psychiatric
comorbidity in a Brazilian sample of patients with binge-eating disorder. Psy-
chiatry Res 2003; 119:189–194.

36. Yanovski SZ, Nelson JE, Dubbert BK, Spitzer RL. Association of binge eat-
ing disorder and psychiatric comorbidity in obese subjects. Am J Psychiatry
1993; 150:1472–1479.

37. Marcus MD, Wing RR, Ewing L, Kern E, Gooding W, McDermott M. Psy-
chiatric disorders among obese binge eaters. Int J Eat Disord 1990; 9:69–77.

38. Bulik CM, Sullivan PF, Kendler KS. Medical and psychiatric morbidity in
obese women with and without binge eating. Int J Eat Disord 2002; 32:72–78.

39. Fassino S, Leombruni P, Piero A, Abbate-Daga G, Rovera GG. Mood, eating
attitudes and anger in obese women with and without binge eating disorder. J
Psychosom Res 2003; 54:559–566.

40. Dawe S, Loxton NJ. The role of impulsivity in the development of substance
use and eating disorders. Neurosci Biobehav Rev 2004; 28:343–351.

41. Wifley DE, Cohen LR. Psychological Treatment of bulimia nervosa and binge
eating disorder. Psychopharmac Bull 1997; 33:437–454.

42. Appolinario JC, McElroy SL. Pharmacological approaches in the treatment of
binge eating disorder. Curr Drug Targets 2004; 5:301–307.

43. Shaffer HJ, Hall MN, Vander Bilt J. Estimating the prevalence of disorder
gambling behavior in the United States and Canada: a research synthesis.
Am J Public Health 1999; 89:1369–1376.

44. Hollander E, Buchalter AJ, DeCaria CM. Pathological gambling. Psychiatr
Clin North Am 2000; 23:629–642.

45. Volberg RA. The prevalence and demographics of pathological gamblers:
implications for public health. Am J Pub Health 1994; 84:237–241.

46. Volberg RA, Abbott MW. Gambling and problem gambling among indigen-
ous peoples. Subst Use Misuse 1997; 32:1525–1538.

160 Soorya et al.



47. Grant JE, Kim SW, Potenza MN. Advances in the pharmacological treatment
of pathological gambling. J Gambl Stud 2003; 19:85–109.

48. Hollander E, Frenkel M, DeCaria C, Trungold S, Stein DJ. Treatment of
pathological gambling with clomipramine [letter]. Am J Psychiatry 1992;
149:710–711.

49. Hollander E, DeCaria CM, Mari E, et al. Short-term single-blind fluvoxamine
treatment of pathological gambling. Am J Psychiatry 1998; 155:1781–1783.

50. Hollander E, DeCaria CM, Finkell JN, Begaz T, Wong CM, Cartwright C. A
randomized double-blind fluvoxamine/placebo crossover trial in pathological
gambling. Biol Psychiatry 2000; 47:813–817.

51. Zimmerman M, Breen R. An open-label study of citalopram in the treatment
of pathological gambling. J Clin Psychiatry 2002; 63:44–48.

52. Kim SW, Grant JE, Adson DE, Shin YC, Zaninelli RM. A double-blind, pla-
cebo-controlled study of the efficacy and safety of paroxetine in the treatment
of pathological gambling. J Clin Psychiatry 2002; 63:501–507.

53. De la Gandara JJ. Fluoxetine: open-trial in pathological gambling. 152nd
Annual Meeting of the American Psychiatric Association, Washington, DC:
May 16–21, 1999.

54. Hollander E, Pallanti S, Allen A, Sood E, Baldini Rossi N. Sustained–release
lithium reduces impulsive gambling and affective instability vs. placebo in
bipolar spectrum pathological gamblers. Am J Psychiatry 2005; 162:137–145.

55. Engwall D, Hunter R, Steinberg M. Gambling and other risk behaviors on
university campuses. J Am Coll Health 2004; 52:245–255.

56. Grant JE, Kim SW. Clinical characteristics and associated psychopathology of
22 patients with kleptomania. Comp Psychiatry 2002; 43:378–384.

57. Sarasalo E, Bergman B, Toth J. Personality traits and psychiatric and somatic
morbidity among kleptomaniacs. Acta Psychiatr Scand 1996; 94:358–364.

58. Kant R, Chalansani R, Chengappa R, Dieringer MF. The off-label use of
clozapine in adolescents with bipolar disorder, intermittent explosive disorder,
or posttraumatic stress disorder. J Child Adolesc Psychopharmacol 2004;
14:57–63.

59. van Minnen A, Hoogduin KAL, Keijsers GPJ, Hellenbrand I, Hendriks GJ.
Treatment of trichotillomania with behavioral therapy or fluoxetine. Arch
Gen Psychiatry 2003; 60:517–522.

60. Rosenbaum MS, Allyon T. The habit reversal technique in treating trichotil-
lomania. Behav Ther 1981; 12:473–481.

61. Vitulano LA, King RA, Scahill L, Cohen DJ. Behavioral treatment of children
and adolescents with trichotillomania. J Am Acad Child Adolesc Psychiatry
1992; 31:139–146.

62. Rothbaum BO. The behavioral treatment of trichotillomania. Behav Psy-
chother 1992; 20:85–89.

63. Mouton SG, Stanley MA. Habit reversal training for trichotillomania: a group
approach. Cogn Behav Pract 1996; 3:159–182.

64. Lerner J, Franklin ME, Meadows EA, Hembree E, Foa EB. Effectiveness of a
cognitive behavioral treatment program for trichotillomania. Behav Ther
1998; 29:157–171.

Obesity and Impulsive and Compulsive Disorders 161



65. Salama SA, Salama AA. New behavioral approach to trichotillomania [letter].
Am J Psychiatry 1999; 156:1469–1470.

66. Pollard CA, Ibe IO, Krojanker DN, Kitchen AD, Bronson SS, Flynn TM.
Clomipramine treatment of trichotillomania: a follow-up report on four cases.
J Clin Psychiatry 1991; 52:128–130.

67. Stein DJ, Hollander E. Low-dose pimozide augmentation of serotonin reup-
take blockers in the treatment of trichotillomania. J Clin Psychiatry 1992;
53:123–126.

68. Koran LM, Ringold A, Hewlett W. Fluoxetine for trichotillomania: an open
clinical trial. Psychopharmacol Bull 1992; 28:145–149.

69. Stanley MA, Bowers TC, Swann AC, Taylor DJ. Treatment of trichotilloma-
nia with fluoxetine [letter]. J Clin Psychiatry 1991; 52:282.

70. Winchel RM, Jones JS, Stanley B, Molcho A, Stanley M. Clinical character-
istics of trichotillomania and its response to fluoxetine. J Clin Psychiatry
1992; 53:304–308.

71. Raymond NC, Coleman E, Miner MH. Psychiatric comorbidity and compul-
sive/impulsive traits in compulsive sexual behavior. Compr Psychiatry 2003;
44:370–380.

72. Kafka MP, Prentky R. Fluoxetine treatment of nonparaphilic sexual addic-
tions and paraphilias in men. J Clin Psychiatry 1992; 53:351–358.

73. Shapira NA, Goldsmith TD, Keck PE Jr, Khosla UM, McElroy SL. Psychia-
tric features of individuals with problematic internet use. J Affect Disord 2000;
57:267–272.

74. Christenson GA, Faber RJ, De Zwaan M, et al. Compulsive buying: des-
criptive characteristics and psychiatric comorbidity. J Clin Psychiatry 1994;
55:5–11.

75. Koran LM, Chuong HW, Bullock KD, Smith SC. Citalopram for compulsive
shopping disorder: an open-label study followed by double-blind discontinua-
tion. J Clin Psychiatry 2003; 64:793–798.

76. Black DW, Gabel J, Hansen J, Schlosser S. A double-blind comparison of flu-
voxamine versus placebo in the treatment of compulsive buying disorder. Ann
Clin Psychiatry 2000; 12:205–211.

77. Black DW, Monahan P, Gabel J. Fluvoxamine in the treatment of compulsive
buying. J Clin Psychiatry 1997; 58:159–163.

78. Ninan PT, McElroy SL, Kane CP, et al. Placebo-controlled study of fluvoxa-
mine in the treatment of subjects with compulsive buying. J Clin Psychophar-
macol 2000; 20:363–366.

79. Linehan MM. Dialectical behavior therapy: a cognitive-behavioral approach
to parasuicide. J Personal Disord 1987; 1:328–333.

80. Linehan MM. Cognitive-behavioral Treatment of Borderline Personality Dis-
order. Guilford: New York, 1993.

81. Chengappa KNR, Ebeling T, Kang JS, Levine J, Parepally H. Clozapine
reduces severe self-mutilation and aggression in psychotic patients with bor-
derline personality disorder. J Clin Psychiatry 1999; 60:477–484.

82. Parker GF. Clozapine and borderline personality disorder. Psychiatr Serv
2002; 53:348–349.

162 Soorya et al.



83. Rocca P, Marchiaro L, Cocuzza E, Bogetto E. Treatment of borderline per-
sonality disorder with risperidone. J Clin Psychiatry 2002; 63:241–244.

84. Townsend MH, Cambre KM, Barbee JG. Treatment of borderline personality
disorder with mood instability with divalproex sodium: series of ten cases. J
Clin Psychopharmacol 2001; 21:249–251.

85. Frankenburg FR, Zanarini MC. Divalproex sodium treatment of women with
borderline personality disorder and bipolar II disorder: a double-blind, pla-
cebo-controlled pilot study. J Clin Psychiatry 2002; 63:442–446.

86. Hollander E, Allen A, Lopez RP, et al. A preliminary double-blind, placebo-
controlled trial of divalproex sodium in borderline personality disorder. J Clin
Psychiatry 2001; 62:199–203.

87. Bogenschutz MP, George Nurnberg H. Olanzapine versus placebo in the treat-
ment of borderline personality disorder. J Clin Psychiatry 2004; 65:104–109.

88. Grana AS, Coolidge FL, Merwin MM. Personality profiles of the morbidly
obese. J Clin Psychol 1989; 45:762–765.

89. Black DW, Yates WR, Reich JH, Bell S, Goldstein RB, Mason EE. DSM-III
personality disorder in bariatric clinic patients. Ann Clin Psychiatry 1989;
1:33–37.

90. Berman WH, Berman ER, Heymsfield S, Fauci M, Ackerman S. The incidence
and comorbidity of psychiatric disorders in obesity. J Pers Disord 1992; 6:168–
175.

91. Yanovski SZ, Nelson JE, Dubbert BK, Spitzer RL. Association of binge eat-
ing disorder and psychiatric comorbidity in obese subjects. Am J Psychiatry
1993; 150:1472–1479.

92. Sansone RA, Sansone LA, Fine MA. The relationship of obesity to borderline
personality, self-harm behaviors, and sexual abuse in female subjects in a pri-
mary-care setting. J Pers Disord 1995; 1:254–265.

93. Sansone RA, Sansone LA, Wiederman MW. The comorbidity, relationship
and treatment implications of borderline personality and obesity. J Psychosom
Res 1997; 43:541–543.

94. Gunay-Aygun M, Cassidy SB, Nicholls RD. Prader-Willi and other syn-
dromes associated with obesity and mental retardation. Beh Genet 1997;
27(4):307–324.

95. Wigren M, Hansen S. Rituals and compulsivity in Prader-Willi syndrome: pro-
file and stability. J Intellec Disab Res 2003; 47(6):428–438.

96. Clarke DJ, Boer H, Whittington J, Holland A, Butler J, Webb T. Prader-Willi
syndrome, compulsive and ritualistic behaviors: the first population based sur-
vey. Brit J Psychiatry 2002; 180:358–362.

97. Feurer ID, Dimitropoulos A, Stone WL, Roof E, Butler MG, Thompson T.
The latent variable structure of the Compulsive Behavior Checklist in people
with Prader-Willi syndrome. J Intel Disab Res 1998; 42(6):472–480.
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INTRODUCTION

Obesity and diabetes are worldwide epidemics (1,2). The medical commu-
nity is keenly aware of the heightened risk for these two disorders in the
general population. However, many psychiatrists and mental health provi-
ders are unaware of the particular risk psychiatric patients face for obesity
and its complications. One such complication of obesity is the metabolic
syndrome. It is also known as ‘‘syndrome X.’’ The metabolic syndrome
is a grouping of risk factors predisposing individuals to type 2 diabetes
and cardiovascular disease (CVD).

The association of central obesity with changes in metabolism has been
described in the medical literature for the last 50 years. In 1988, Dr. Gerald
Reaven noted that persons with CVD often had three other conditions: dyli-
pidemia, hypertension, and hyperglycemia, and linked this constellation of
features with the android pattern of fat distribution (3). He named this phe-
notype ‘‘syndrome X.’’ Subsequently, other names for syndrome X appeared
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in the medical literature, including ‘‘Reaven’s syndrome,’’ ‘‘dysmetabolic
syndrome,’’ and ‘‘insulin resistance syndrome.’’ In 1998, a working group
on the definition of diabetes organized by the World Health Organization
(WHO) first proposed a definition for syndrome X, naming it the ‘‘metabolic
syndrome’’ (4). In 2001, a report from the National Cholesterol Education
Program-Adult Treatment Panel III (NCEP-ATP III), identified the meta-
bolic syndrome as an independent risk factor for CVD and proposed clinical
criteria for the diagnosis, recommending ‘‘intensive lifestyle modification’’
as first line treatment (5).

DEFINING FEATURES OF THE METABOLIC SYNDROME

The fundamental components of the metabolic syndrome include abdominal
obesity, insulin resistance, elevated blood pressure, dyslipidemia (elevated
triglycerides and/or low high-density lipoprotein (HDL) cholesterol), and
abnormalities in prothrombotic and proinflamatory factors. Table 1 lists
the two major criteria sets used today to make the clinical diagnosis of the
metabolic syndrome. There are subtle differences between the NCEP-ATP
III and WHO criteria although they are similar in structure. The WHO cri-
teria require patients to have direct evidence of insulin resistance which can
be verified by oral glucose tolerance testing, measurement of insulin itself, or
a diagnosis of type 2 diabetes. In contrast, the NCEP-ATP III criteria rely
upon simple measurement of fasting glucose to define impaired glucose
metabolism. The NCEP-ATP III criteria do not include weight or body mass
index (BMI) as a defining feature, whereas the WHO criteria use either a
measure of waist size or BMI as one criterion. The WHO includes microal-
buminuria (indicative of a proinflamatory state), while NCEP-ATP III does
not. Despite these differences, there are a number of similarities and many
are identified with the syndrome regardless of the criteria used. Neither defi-
nition, for example, excludes patients with type 2 diabetes.

Research suggests that themetabolic syndrome is associatedwith a proin-
flamatory/prothrombotic state, although it is not part of the clinical criteria.
Elevated C-reactive protein, endothelial dysfunction, hyperfibrinogenemia,
increased plasminogen activator inhibitor 1, elevated uric acid, microalbumi-
nuria, and a shift toward small, dense particles of low-density lipoprotein
(LDL) cholesterol have been all associated with the metabolic syndrome. Simi-
lar to the other components highlighted in the WHO and NCEP-ATP III
criteria, these factors increase one’s risk for CVD and type 2 diabetes (6–14).

SIGNIFICANCE OF METABOLIC SYNDROME

People with the metabolic syndrome are at increased risk for type 2 diabetes,
CVD, as well as increased mortality from CVD and all causes (15–17). In a
prospective study, Lakka et al. (18) followed healthy Finnish men with and

166 Bermudes and Guerdjikova



without the metabolic syndrome over an average of 11.4 years and measured
death due to coronary heart disease, CVD, and any cause. Subjects with the
metabolic syndrome were more likely to die from coronary heart disease,
CVD, and all causes, even after adjustment for conventional cardiovascular
risk factors. In the absence of baseline CVD, diabetes, or other illnesses,
persons with the metabolic syndrome were at an elevated risk for CVD and
all cause mortality.

Individuals with diabetes and/or coronary heart disease as well as the
metabolic syndrome are at increased risk for complications from their medi-
cal disorders. Costa et al. (19) conducted a cross-sectional study of patients
with type 2 diabetes mellitus (DM) and compared comorbidity and compli-
cations with the metabolic syndrome to those without the metabolic
syndrome. Those with type 2 diabetes and metabolic syndrome had a

Table 1 ATP and WHO Criteria for Metabolic Syndrome

ATP III WHO

Criteria Presence of 3 of 5 criteria Presence of disturbance in glucose
metabolism plus two other
criteria.

Glucose
metabolism

High fasting glucose
(�110 g/dL or
�6.1mmol/L)

Presence of diabetes, impaired
glucose tolerance, impaired
fasting glucose, or insulin
resistance

Obesity Abdominal obesity (waist
circumference: >102 cm in
men, >88 cm in women)

Central obesity: waist to hip ratio
of >0.90 in men or >0.85 in
women and/or BMI >30 kg/m2

Lipids Hypertriglyceridemia:
�150mg/dL (1.695mmol/L)

Hyperlipidemia:
triglycerides�150 mg/dL
(1.695mmol/L) and/or HDL
cholesterol <35 mg/dL
(0.9mmol/L) in men and <39
mg/dL (1.0mmol/L) in women

Low HDL cholesterol:
<40 mg/dL (1.036mmol/L)
in men <50 mg/dL
(1.295mmol/L) in women

Blood
pressure

High blood pressure:
�130/85mmHg

High blood pressure:
�160/90 mmHg

Albumin Microalbuminuria: urinary
albumin excretion rate
�20mg/min or an albumin to
creatinine ratio �20mg/g

Abbreviations: ATP, adult treatment panel; BMI, body mass index; HDL, high-density lipopro-

tein; WHO, World Health Organization
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higher prevalence of peripheral vascular disease (35% vs. 18%), retinopathy
(44% vs. 20%), distal sensory neuropathy (44% vs. 24%), and coronary
artery disease (53% vs. 36%). Furthermore, the more metabolic components
an individual accumulated, the higher the proportion of diabetic complica-
tions the person suffered. In patients with vascular disease of any kind, the
presence of the metabolic syndrome resulted in more extensive vascular
damage. Olijhoek et al. (20) conducted a cross-sectional survey of patients
with various manifestations of vascular disease, including coronary heart
disease, stroke, peripheral arterial disease, and abdominal aorta aneurysm,
and compared carotid intima media thickness (IMT), ankle brachial
pressure index (ABPI), and albuminuria (non-invasive markers of vascular
damage) in patients with and without the metabolic syndrome. Patients
with the metabolic syndrome had increased mean IMTs, decreased ABPIs,
and increased alminuria as compared to those without the metabolic
syndrome. Thus, in patients with vascular disease of any manifestation or
diabetes, the metabolic syndrome is associated with more extensive
disease, co-morbidity, and increased mortality.

PATHOPHYSIOLOGY OF METABOLIC SYNDROME—THE ROLE
OF VISCERAL OBESITY

Each component of the metabolic syndrome independently increases the risk
for adverse cardiovascular events. However, there is evidence to suggest
abdominal (visceral) obesity as a major underlying risk factor for the meta-
bolic syndrome. Indeed, even normal weight individuals who are abdomin-
ally obese can have a compromised metabolic profile with insulin resistance
and dyslipidemia (21).

The widely accepted measurement of abdominal obesity—waist
circumference—reflects both abdominal visceral adipose tissue and abdom-
inal subcutaneous adipose tissue (22). Visceral adipose tissue stores are
highly correlated with metabolic and cardiovascular complications of obe-
sity as compared to BMI and/or subcutaneous adipose tissue (23). Expert
panels on obesity estimate that waist circumferences of at least 102 cm in
men and 89 cm in women increase the risk for cardiovascular complications.
However, Han et al. (24) suggested that even smaller waist circumferences
(between 94 and 102 cm in men and 80 and 88 cm in women) are associated
with having one or more cardiovascular risk factors. Individuals with nor-
mal weights but high visceral fat levels have significant risk for the metabolic
syndrome, diabetes, and CVD (21). Moreover, favorable metabolic changes
have been observed in obese patients whose weight loss was mainly attribu-
table to a reduction in visceral fat (25).

Why does the accumulation of visceral fat predispose individuals to
the metabolic syndrome? One theory suggests that abdominal fat is more
insulin resistant than lower body adipose tissue (26). Another concept is that
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the accumulation of abdominal fat leads to increased visceral adipose tissue
products, such as free fatty acids (FFA) and their metabolites in the systemic
circulation (27). This in turn elicits various changes throughout the body
which contributes to the development of the metabolic syndrome compo-
nents, such as insulin resistance, decreased glucose tolerance, elevated blood
pressure, and dyslipidemia (Fig. 1). Although FFA levels correlate with the
amount of total body fat, increased visceral fat in particular, along with
intramuscular fat deposits, stimulate lipolysis and cause greater increases
in FFA. For example, the release of FFA from adipose tissues is greater
in women with visceral fat that in non-obese or subcutaneously obese
women (28). Considering the central role of FFAs in the development of
the metabolic syndrome, we briefly discuss the pathophysiological mechan-
isms underlying the other components of this syndrome with regards to vis-
ceral obesity and increased FFA levels.

Figure 1 The role of visceral obesity in the pathophysiology of the metabolic
syndrome.
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VISCERAL FAT AND GLUCOSE INTOLERANCE

Obesity in general and abdominal obesity in particular alter glucose meta-
bolism in skeletal muscle, liver, and pancreas by increasing FFA production
from adipose tissue. In skeletal muscle, circulating FFAs impair glucose
uptake and insulin signaling, resulting in insulin resistance and glucose intol-
erance. In the liver, increased hepatic FFA accumulation, along with other
factors, stimulates gluconeogenesis and provokes insulin resistance and
glucose intolerance. Finally, chronic over production of adipose products
(i.e., FFAs, inflammatory cytokines, and leptin) and decreased adiponec-
tines interferes with pancreatic beta cell functioning, further impairing insu-
lin metabolism and resulting in glucose intolerance (29).

VISCERAL FAT AND DYSLIPIDEMIA

Visceral fat accumulation is associated with atherogenic dyslipidemia which
consists of increased triglycerides, apolipoprotein B (apo B), small LDL
particles, and decreased HDL particles. Similar to elevated LDL cholesterol,
atherogenic dyslipidemia promotes the development of atherosclerosis and
ultimately CVD. The key abnormality of this dylipidemia is an increase of
apo B containing lipoproteins [i.e., very low density lipoproteins (VLDL)
large LDL, and small LDL] in the circulation. Visceral fat is the body’s
central storage site for triglycerides. During fasting states triglycerides are
broken down at a rapid rate releasing nonesterified fatty acids (NEFA) into
circulation. As NEFAs inundate the liver, they are re-esterified into trigly-
cerides for incorporation into VLDL. Consequently, obese persons have
high levels of VLDL triglycerides and triglycerides (29).

Small, dense LDL and HDL particles result from excess VLDL trigly-
cerides in the circulation. With the presence of VLDL triglycerides in the
circulation, special proteins facilitate the exchange of triglycerides from
VLDL particles for cholesterol ester in LDL and HDL. Ultimately, this
triglyceride-rich LDL and HDL undergo lipolysis resulting in small, dense
LDL and HDL. HDL concentrations are further decreased by hepatic lipase
which is found at higher than normal concentrations in obese individuals
(30). Smaller and denser LDL is associated with increased risk for myocardial
infarction and increased severity of coronary artery disease (31,32). Low
HDL predisposes individuals to coronary artery disease independent of trigly-
ceride levels (33). Thus, excess FFAs, resulting from abdominal obesity,
undergo extensive hepatic remodeling resulting in increased LDL and triglycer-
ides and decreased HDL characteristic of artherogenic dyslipidemia.

VISCERAL FAT AND ELEVATED BLOOD PRESSURE

Consensus guidelines consider increased blood pressure to be part of the meta-
bolic syndrome, although many investigators do not consider hypertension to
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be a metabolic risk factor per se. High blood pressure is a risk factor for
CVD but the relationship between metabolic abnormalities and hyperten-
sion is less certain. Blood pressure regulation is a complex process, so it is
not surprising that there are multiple ways in which the metabolic changes
induced by obesity may lead to hypertension. Several changes related to
hyperinsulinemia may cause increased blood pressure in individuals with
the metabolic syndrome. Hyperinsulinemia is associated with increased sym-
pathetic tone and has been linked to increased sodium reabsorption by the
kidney (29). Moreover, smooth muscle and myocardial cells have been
shown to be stimulated by insulin and insulin-like growth factors, further
contributing to hypertension development (25). Insulin resistance reduces
endothelial nitric oxide which under normal circumstances causes vasodila-
tation; this also leads to hypertension (25).

Other factors that strengthen the relationship among visceral fat,
metabolic changes, and hypertension include changes in cytokines, increases
in FFAs, and renal fat accumulation. Cytokines, such as adiponectin and
plasminogen-activator inhibitor, released in large quantities with visceral
fat accumulation may inhibit nitric oxide release by endothelial cells,
thereby impairing vasodilatation (34,35). FFAs may lead to hypertension
by two pathways. The observation that FFA infusion increases blood pres-
sure and heart rate while decreasing heart rate variability suggests that
excess FFA might contribute to increased sympathetic activity. FFAs are
also thought to impair normal endothelial function (36,37). Lastly, mechan-
ical compression of the kidneys from fat accumulation may decrease renal
function leading to subsequent hypertension (29).

Several prospective studies demonstrate that obesity increases risk
for CVD (38–40). This association appears to be mediated in part via
visceral fat accumulation and subsequent metabolic changes (38,41–43).
Visceral adipose tissue negatively affects glucose and lipid metabolism, fac-
tors that regulate blood pressure, and inflammatory and thrombotic factors.
Despite the strength of these associations, visceral fat or obesity alone
is unlikely to be sufficient to cause metabolic syndrome. Rather, other fac-
tors such as genetics or aging may need to be present (29). Nonetheless,
visceral adiposity is highly predictive of metabolic abnormalities, diabetes,
and CVD (29).

MAGNITUDE OF THE PROBLEM

Prior to the publication of the NCEP-ATP III, prevalence estimates of the
metabolic syndrome in the United States varied widely due to the use of dif-
ferent diagnostic criteria to define the syndrome. Estimates therefore ranged
from 4.6% among Caucasian women in the Atherosclerosis Risk in Com-
munities Study to 29.4% in Caucasian men in the Framingham Offspring
Study (44,45).
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Since publication of the NCEP-ATP III criteria, studies have confirmed
the prevalence of the metabolic syndrome has reached epidemic proportions
although variations were found across age, race, and gender. The largest
study, the Third National Health and Nutrition Examination Survey
(NHANES III), was a cross-sectional health survey of a nationally represen-
tative sample of the U.S. adult population conducted from 1988 to 1994. This
study found the age-unadjusted prevalence of the metabolic syndrome was
21.8%, while the age-adjusted prevalence was 23.7% (46). The prevalence var-
ied from 6.7% among participants 20 to 29 years of age to 43.5% among
persons 60 to 69 years of age. Prevalence rates were highest among Mexican
Americans (31.9%) and lowest among whites (23.8%) and African Americans
(21.6%). Across ethnic groups, the age adjusted prevalence was similar for
men and women (24.0% vs. 23.4%). However, African American women
had a 57% higher prevalence compared with African American men and
Mexican American women had a 26% higher prevalence compared with
Mexican American men. This study confirmed that the metabolic syndrome
is common in the U.S. adult population. Approximately 20% of all indivi-
duals age 20 or older met criteria for the metabolic syndrome, and 40% of
all individuals older than 40 years of age met criteria. Application of the
age-specific prevalence rates to U.S. census data from 2000 suggests that up
to 47 million U.S. adults may meet criteria for the metabolic syndrome.

The prevalence rate of the metabolic syndrome is also high in U.S.
adolescents. Utilizing cross-sectional data from the Third National Health
and Nutrition Examination Survey (47), male and female respondents age
12 to 19 showed an overall prevalence of 4.2%. Male gender and obesity
predicted the greatest risk in this cohort. Males had a rate of 6.1% as com-
pared to 2.1% in females (p¼ 0.01). In addition, 28.7% of overweight ado-
lescents (BMI > 95th percentile) met criteria for the syndrome compared
with 6.8% of at risk adolescents (BMI, 85th to< 95th percentile) and
0.1% of those with a BMI below the 85th percentile (p < 0.001). Adoles-
cents in the West and Midwest were at highest risk compared to other
U.S. regions and Mexican Americans were at higher risk than Caucasians
and African Americans. With a similar distribution across all American
adolescents, estimates are that approximately 910,000 meet the criteria
for the metabolic syndrome.

The metabolic syndrome is also a significant world wide health
problem. Similar to the situation in the U.S., the prevalence of the metabolic
syndrome world wide varies by definition and population studied. For
example, one study conducted in Finnish men found a rate of 11.4% using
the NCEP-ATP III criteria and 22% using the WHO criteria (48). Rates less
than 10% have been found in France and as high as 46% in India utilizing
the same criteria (49,50). Despite this variation, studies have documented
rates greater than 20% in a number of countries including India, Iran,
Mexico, Ireland, Turkey, England, Denmark and others (50–56).
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THE METABOLIC SYNDROME IN PSYCHIATRIC POPULATIONS

Studies indicate that psychiatric patients are at increased risk for the meta-
bolic syndrome. For example, in Finland the rate of the syndrome is approxi-
mately 14% in the general population but has been measured at 37% in a
cohort of patients with schizophrenia (18,57). Studies conducted in the
U.S. among patients with schizophrenia or schizoaffective disorder found
rates from 42.4% to 63% compared with a prevalence rate of approximately
22% in the general population (46,58,59). One multi-center naturalistic study
assessed inpatients and outpatients with schizophrenia or schizoaffective dis-
order and found that 51% of outpatients and 22.2% of inpatients met criteria
for the metabolic syndrome (60). These preliminary studies therefore suggest
that there is a high prevalence of the metabolic syndrome in patients with
schizophrenia and schizoaffective disorder.

Patients with depression also appear to share a liability for the meta-
bolic syndrome. Using a nationally representative sample from the U.S. (the
NHANES III), Kinder et al. (61) found an association between the meta-
bolic syndrome and depression in women. In a study among monozygotic
and dizygotic male twin pairs, depressive symptoms were associated
with individual components of the metabolic syndrome (62). Moreover,
Raikkonen et al. (63) followed an American population-based cohort of
women for an average of 7.4 years and found women with elevated levels
of depression, anxiety, current perceived stress, tension, and anger at base-
line, and increased anger during the follow-up period were at increased risk
for the metabolic syndrome.

Prospective data suggest that children and adolescents with psycho-
logical traits such as anger and hostility are at increased risk for the meta-
bolic syndrome. One study prospectively followed African American and
Caucasian children and adolescents and found that those with high hosti-
lity ratings at baseline were more likely to have the metabolic syndrome at
three years follow-up (64). In two other prospective studies, children and
adolescents with high levels of aggression, anger, hyperactivity, and
responsivity to others had an increased risk for the metabolic syndrome
(65,66).

METABOLIC ABNORMALITIES IN PSYCHIATRIC PATIENTS

Although investigation of the metabolic syndrome is recent, evidence has
accumulated since the early 20th century indicating that psychiatric patients
have high rates of abnormal glucose metabolism and other metabolic distur-
bances. Thus, there have been a number of reports of impaired glucose tol-
erance, insulin resistance, overt diabetes, central obesity, and dyslipidemia
among psychiatric patients. These associations persist in drug-free and
drug-na€��ve subjects, as well as in studies that control for medication and
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other traditional risk factors for diabetes. Furthermore, incident diabetes or
metabolic disturbances are increasingly associated with psychiatric symp-
toms, such as depressive symptoms in otherwise healthy adults in general
community samples.

Abnormalities in metabolism and weight were first described in schizo-
phrenia prior to the introduction and wide spread use of antipsychotic
medications, with the majority of reports indicating an increased rate of
insulin resistance in drug-na€��ve patients (67–69). Four recent studies con-
firmed this association. In one study, first-episode drug-na€��ve patients with
schizophrenia had a higher prevalence of impaired fasting glucose, were
more insulin resistant, and had higher levels of glucose, insulin, and cortisol
compared with matched controls (70). Another study found that drug-free
and drug-na€��ve subjects with schizophrenia had over three times as much
intra-abdominal fat as measured by abdominal computerized tomography
(CT), and higher waist to hip ratios compared with matched controls (71).
In a retrospective chart review, Regenold et al. (72) found that compared
with national norms, diabetes rates were significantly elevated in hos-
pitalized older (age 50–74) adults with bipolar I affective and schizoaffective
patients. The association persisted after controlling the effects of age, race,
gender, BMI, and psychotropic medications. Severe psychotic stress in non-
diabetic subjects with chronic schizophrenia may also adversely affect glu-
cose control. In a group of patients with no previous exposure to atypical
antipsychotics, Shiloah et al. (73) found that those with the higher scores
for psychotic stress had greater fasting glucoses and insulin levels compared
with those with lower psychotic stress scores.

Several reports describe metabolic changes and weight gain associated
with major depression and symptoms of depression or mental distress.
Three large prospective epidemiological studies have shown depressive
symptoms or major depression predict incident type 2 diabetes in otherwise
healthy adults (74–76). This relation persisted after adjustment for stress-
associated lifestyle factors (smoking, physical activity, and caloric intake)
and metabolic covariates (fasting insulin and glucose, lipids, blood pressure,
and adiposity) (74). In a small cross sectional study of drug-na€��ve and drug-
free female subjects with major depression, Thakore et al. (77) found those
diagnosed with depression had an increased intra-abdominal fat as mea-
sured by CT scanning compared with matched controls.

Of note, associations between major depression and changes in inflam-
matory and coagulation factors have also been reported, further supporting
the association between depression and metabolic disturbances that elevate
cardiovascular risk. Thus, depression has been associated with increases in
the following inflammatory markers: C-reactive protein, interleukin-6,
tumor necrosis factor-a, serum amyloid A, and increased white blood cells
(78–81). Depression has also been associated with alteration in coagulation
factors such as homocysteine and fibrinogen (80).

174 Bermudes and Guerdjikova



PSYCHIATRIC TREATMENTS AND
METABOLIC ABNORMALITIES

Weight Gain

Weight gain, particularly central obesity, may be the most noticeable sign a
patient is at increased risk for the metabolic syndrome. Many psychiatric
medications cause weight gain. However, little is known about the different
liabilities of medications for centralized weight gain or visceral fat accumu-
lation, a key element of the metabolic syndrome. Two studies examined the
effect of second generation antipsychotics (SGAs) on visceral fat distribu-
tion in drug-na€��ve patients with schizophrenia. Zhang et al. (82) studied
drug-na€��ve, first-episode patients with schizophrenia and compared weight,
waist and hip circumferences, abdominal subcutaneous fat, and intra-
abdominal fat measurements before and after 10 weeks of antipsychotic
drug treatment. Thirty patients received risperidone at a mean does of
4.77mg, 15 patients were treated with cholorpromazine at a mean dose of
480mg, and one patient was treated with quetiapine at a dose of 600mg a
day. After 10 weeks of antipsychotic treatment, patients as a group showed
statistically significant increases in waist-to-hip ratio, subcutaneous fat, and
intra-abdominal fat as measured by magnetic resonance imaging.

Ryan et al. (83) studied the effects of SGAs on visceral fat distribution,
in drug-na€��ve subjects with schizophrenia. Sixteen drug-na€��ve patients trea-
ted with risperidone or olanzapine for six months were compared with con-
trols matched in terms of age, gender, exercise and smoking habits, alcohol
intake, and BMI, At baseline, the drug-na€��ve patients with schizophrenia
had significantly more intra-abdominal fat and subcutaneous fat as mea-
sured by CT scanning compared with controls. However, after six months
of treatment, intra-abdominal and subcutaneous fat stores did not signifi-
cantly increase in the treated group, although they remained elevated com-
pared with the control group. Thus, although it is clear that SGAs cause or
contribute to significant weight gain in patients treated with these agents, it
is still undetermined how much and at what rate intra-abdominal and sub-
cutaneous fat stores are affected by these agents.

Hyperglycemia and Insulin Resistance

A simple explanation for the changes in glucose metabolism associated with
SGAs is to ascribe them to drug-induced increased weight gain. For exam-
ple, clozapine and olanzapine have the highest liability for weight gain and
are highly associated with hyperglycemia and insulin resistance (84,85).
However, patients receiving SGAs can develop changes in glucose metabo-
lism without significant weight gain (86). One study compared nondiabetic
patients with schizophrenia taking SGAs with matched controls and found
that they had increased glucose levels after oral glucose tests independent of
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adiposity (87). Another study examined the acute effects of clozapine, olan-
zapine, and risperidone on insulin resistance in a group of nonobese patients
with schizophrenia (88). Clozapine produced significantly higher glucose
levels as compared to risperidone, while risperidone was associated with
higher insulin sensitivity measures versus olanzapine or clozapine. These
observations suggest that the hyperglycemia associated with some SGAs
may be independent of weight gain and thus possibly due to a direct effect
on glucose metabolism.

Dyslipidemia

Dyslipidemia is common in certain SGAs, most noteably olanzapine and
clozapine. The pattern of dyslipidemia associated with SGAs—elevated tri-
glycerides, increased LDL cholesterol, and decreased HDL cholesterol—is
the same pattern found in the metabolic syndrome. There is a debate as
to whether these changes are secondary to the weight gain these agents
promote, or if they are direct effects of the agents themselves. Most avail-
able studies suggest that the changes in serum lipids are concordant with
weight gain.

In a prospective study, Lindenmayer et al. (89) assessed the effects of
clozapine, olanzapine, risperidone, and haloperidol on cholesterol levels in
hospitalized patients with schizophrenia or schizoaffective disorder. Lipid
profiles were assessed at baseline and after 8 and 14 weeks of treatment.
Cholesterol levels were significantly higher at 8 weeks for both clozapine
and olanzapine subjects and at 14 weeks for olanzapine subjects. In another
prospective study, weight, triglycerides and cholesterol were measured at
baseline and then after eight weeks of treatment with olanzapine or risper-
idone in patients with schizophrenia or schizoaffective disorder (90). Com-
pared with baseline measurements, both risperidone and olanzapine subjects
had significant increases in weight. However, olanzapine subjects had higher
triglycerides compared to baseline measures and had significantly greater
weight gain and triglycerides compared with the risperidone group. In
Pfizer’s 054 study summarized by Casey et al. (91) the effects of five differ-
ent antipsychotics on serum lipids were compared in patients with schizo-
phrenia. After three weeks, olanzapine (þ31%) and quetiapine (þ18.3%)
subjects had significant increases in fasting triglycerides, while thioridazine
(þ7.9%) and risperidone (�6.7%) had nonsignificant changes, and ziprasi-
done (�28%) and haloperidol (�18%) had significant decreases in fasting
triglycerides.

Other studies have confirmed the differential effects of certain SGAs
on lipid profile. In contrast to clozapine, olanzapine, and quetiapine;
risperidone, ziprasidone, and ariiprazole are not associated with changes
in lipid profile. In a large case-control study involving 18,000 individu-
als diagnosed with schizophrenia, Koro et al. (92) evaluated the effect of
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olanzapine, risperidone, conventional antipsychotics, and no antipsychotic
exposure on the risk for hyperlipidemia. Olanzapine subjects had a five-
fold increase in the odds of developing hyperlidemia, in contrast to risper-
idone subjects, who had no increase in risk. Results of pooled safety data
from aripiprazole trials showed subjects treated with aripiprazole had no
significant differences in total cholesterol when compared with placebo
(93). In a review of ziprasidone’s effects on serum lipids, ziprasidone was
shown to have neutral or favorable effects on patients’ serum lipid profiles
in placebo-controlled, active-comparator, and in open label switch studies
(91,94–99).

MONITORING FOR THE METABOLIC SYNDROME
IN PSYCHIATRIC SETTINGS

Given that psychiatric patients are at increased risk for the metabolic syn-
drome whether due to an underlying predisposition, unhealthy lifestyle
choices, or the effects of psychiatric medications, what should psychiatrists
do about this syndrome in their patients? There is substantial evidence the
metabolic syndrome is associated with premature development of diabetes
and cardiovascular disease. Psychiatrists and other mental health providers
should consider identifying individuals with goals to prevent and reverse
disease progression. There is evidence that treating the metabolic syndrome
can prevent or delay development of diabetes or cardiovascular disease.

The first step in evaluating patients for the metabolic syndrome is to
identify patients who are at increased risk for cardiovascular disease and
diabetes. Comorbid medical conditions, lifestyle factors, and genetic pre-
disposition should be categorized for each patient and included in each
patient’s initial risk assessment. Patients with diabetes, cardiovascular dis-
ease, cerebral vascular disease, dyslipidemia, obesity, and hyperglycemia
should be clearly identified. Patients smoking, exercise, and dietary habits
should be assessed. Family history of metabolic-associated conditions and
ethnicity should be noted for each patient as well. Based on history and eth-
nicity alone, most psychiatric patients can be categorized into high, medium,
or low risk for future metabolic complications and disease.

Second, psychiatrists should obtain regular measurements of weight,
BMI, waist circumference, and blood pressure. These parameters are the
‘‘routine vitals’’ that should be completed at each patient encounter. These
values should be clearly documented and accessible for mental health provi-
ders in the medical record. This would ensure a minimum measurement of
two of the five parameters of the metabolic syndrome with each patient visit.
Although BMI is not part of the criteria for the metabolic syndrome per
NCEP-ATP III, a BMI greater than 30 dramatically increases one’s risk
for the metabolic syndrome. Making these measures part of standard

Metabolic Syndrome 177



clinical practice in psychiatric settings is the first step in addressing the meta-
bolic syndrome.

Several reviews make recommendations regarding the frequency of
metabolic monitoring in patients receiving SGAs. However to date, no out-
come, effectiveness, or costeffectiveness studies exist comparing the differ-
ent recommendations. Most guidelines recommend obtaining baseline
values of blood pressure, weight, height, BMI, waist circumference, fasting
serum lipids (total, LDL, HDL, and triglycerides), and a fasting glucose
level prior to initiating an antipsychotic medication or when changing to
a new antipsychotic medication. After the initial phase of treatment (i.e.,
12 weeks) follow-up monitoring of the above parameters should be
obtained. Subsequent frequency of monitoring should be determined by
the patient’s established risk for metabolic disturbances (i.e., high risk
patients monitored quarterly) or on dramatic changes in the patient’s meta-
bolic profile (i.e., weight gain � 5%, waist circumference increase, increase
in fasting glucose).

Why then are these measures not routinely obtained in psychiatric
settings? Equipment which measures height, weight, and blood pressure is
not a traditional fixture in psychiatric settings. Calculating BMI requires
scales in the office that weigh heavier patients (up to 200 kg) and a standi-
ometer that can accurately measure height. Measuring blood pressure
requires a calibrated sphygmomanometer and trained staff to obtain read-
ings. Measuring waist circumference requires a flexible tape measure and
trained staff to perform the measurement accurately and reliably. Lack of
trained personal and adequate equipment is potentially one barrier to meta-
bolic monitoring in psychiatric patients. Furthermore, getting weighed and
measured may be an anxiety provoking event for some patients. Some pro-
viders may feel assessing waist size and weight in certain patients constitutes
an invasion of privacy or a boundary crossing that would not be therapeu-
tic. However, designating specific staff trained to perform these measure-
ments with privacy and respect may address this barrier to metabolic
assessment.

Patients’ health values, level of concern, and motivation may be a third
barrier to metabolic assessment. Although the mentally ill are often aware of
their weight problems, their level of concern may not directly correlate and
they may be reluctant to choose dieting as a remedy. Myer (100) studied
awareness and concern of obesity and weight issues in chronically mentally
ill inpatients. In this study, state hospital patients completed an anonymous
questionnaire concerning obesity, weight gain variables, concern about
weight, and methods to control weight. In addition to the surveys, data
regarding each individual’s sex, age, weight, and height were collected.
Although there was a significant correlation between BMI and awareness
of current weight status, there was not an association between BMI and level
of concern about weight among the respondents. Only 10% of obese patients
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requested to be placed on a mandatory monitored diet. Lack of insight,
cognitive deficits, and loss of initiative are common symptoms in patients
with severe and chronic mental illness and may be a further barrier to meta-
bolic monitoring. Even in highly supervised psychiatric settings, it can be dif-
ficult to coordinate care between physical and mental health problems and
for patients to follow up on potential physical health interventions.

TREATMENT RECOMMENDATIONS

If treatment-related weight gain, dyslipidemia, hyperglycemia, or hyperten-
sion emerges, switching to another psychotropic agent with less propensity
for metabolic side effects should be considered. Generally, discussion with
the patient to discontinue the offending agent should be initiated prior to
adding a treatment for the metabolic disturbance. However, practically this
may not be possible in all clinical situations, given a patient’s symptomatic
response or personal preference for a particular medication that may have
metabolic side effects. Periodic assessment of benefits as well as risks, includ-
ing metabolic risks for each medication, should be routinely reviewed with
patients.

Although there is a growing consensus that psychiatrists should moni-
tor for the metabolic syndrome, particularly with SGA pharmacotherapy,
there is no current consensus regarding treatment of the metabolic syn-
drome. Data are available suggesting that lifestyle modification and/or
some medications may be efficacious treatment strategies.

First line therapy for the metabolic syndrome is intensive lifestyle
modification aimed at reducing weight, increasing levels of physical activity,
and changing diet composition to reduce risk of CVD and diabetes. Small
changes in diet and exercise can produce modest weight loss and signifi-
cantly lower patients’ risk for diabetes. One prospective study randomly
assigned obese adult subjects with impaired glucose tolerance to individua-
lized diet and exercise program aimed at reducing weight or a control group
which consisted of oral and written information about diet (a two-page leaf-
let) and exercise (101). Participants in the intervention group had seven ses-
sions with a nutritionist during the first year and then one session every
three months after for the remaining two years of the study. The mean
amount of weight lost between baseline and at the end of years 1 and 2
was significantly greater for the intervention group. Furthermore, the cumu-
lative incidence of diabetes after four years was 11% in the intervention
group and 23% in the control group. During the trial the risk for diabetes
was reduced by 58% (p< 0.001) in the intervention group.

Regular exercise, even at modest levels, improves metabolic risk fac-
tors including HDL, triglyceride levels, blood pressure, and insulin res-
istance (102–104). Even exercise without dietary change is beneficial for
the metabolic syndrome. In one prospective study, the prevalence of the
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metabolic syndrome was determined before and after 20 weeks of supervised
aerobic training consisting of supervised sessions on a cycle ergometer (105).
Participants received counseling at baseline and at midway through the
study not to alter their usual health and lifestyle habits outside the study.
The prevalence of the metabolic syndrome prior to the exercise program
was 16.9% (105/621) and decreased to 11.8% after the training. Almost
one third (30.5%) of the original 105 participants with the metabolic syn-
drome no longer met the criteria after the exercise program. Modest changes
in aerobic exercise and diet with the goal of weight loss improves individual
components and reverses the metabolic syndrome.

Adjusting diet composition may specifically target metabolic para-
meters compared with simple weight reduction via reduction in caloric intake
(106,107). Stern et al. (107) compared the effects of a low-carbohydrate diet to
a conventional weight loss diet in severely obese adults with diabetes or the
metabolic syndrome. Study participants received counseling to either restrict
carbohydrate intake <30 g per day (low-carbohydrate) or to restrict caloric
intake by 500 calories per day with <30% of calories from fat (conventional).
At one year, therewas no significant difference inmeanweight change between
the groups. However, persons on the low-carbohydrate diet had significant
decreases in triglycerides levels, higher HDL levels, and more improvement
in hemoglobin A1C levels as compared to persons on the conventional diet.
Thus, certain diets, such as low carbohydrate diets, may be more specific for
targeting metabolic risk factors, but this area needs further study.

When metabolic risk factors are not reduced by lifestyle changes, drug
therapies will be needed to treat their blood pressure and lipid levels.
Although unresolved for healthy patients with the metabolic syndrome,
aggressive pharmacologic management of cardiovascular risk factors has
been shown to be more effective than routine care in preventing CVD in
patients with type 2 diabetes (108). The metabolic syndrome alone does
not require drug treatment per se, but many with the metabolic syndrome
will require drug treatment per existing treatment guidelines for hyperten-
sion, dyslipidemia, and/or diabetes.

An important unresolved question is whether insulin sensitizing agents
should be employed in persons with the metabolic syndrome to prevent the
development of type 2 diabetes. The diabetes prevention program research
group studied this issue by randomly assigning otherwise healthy individuals
with elevated fasting and post-load plasma glucose concentrations to
placebo, metformin, or a lifestyle-modification program (109). Lifestyle
changes and treatment with metformin both reduced the incidence of
diabetes in this high risk sample (58% and 31%, respectively). However,
the lifestyle intervention was more effective than metformin.

Thiazolidinediones (glitazones) are the only compounds that specifi-
cally target tissue insulin resistance. The glitazones regulate genetic tran-
scription and translation of numerous proteins, including many that are
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involved in glucose and lipid metabolism (110). These drugs (rosiglitazone
and pioglitazone) are currently approved for treatment of type 2 diabetes,
although the therapeutic potential of this class in treating insulin resistance
and preventing type 2 diabetes has stirred considerable interest. For exam-
ple, in a prospective study of individuals with fasting glucose levels of
100 to 125mg/dL and two hours postprandial glucose levels of 140 to
200mg/dL, Durbin found that patients treated with a thiazolidinedione had
decreased mean hemoglobin A1C levels and a 88.9% lower incidence of dia-
betes after three years compared to the control group (111). Although preli-
minary data for metformin and the thiazolidinediones are encouraging, all
available data involve the impact of these agents on surrogate markers rather
than the metabolic syndrome itself. Moreover, while these agents may also
impact blood pressure, triglycerides, and HDL, there are therapies available
with more data proving their efficacy and safety in these parameters (112).

SUMMARY

The metabolic syndrome is a grouping of risk factors predisposing indivi-
duals to type 2 diabetes and cardiovascular disease. There is accumulating
evidence that psychiatric patients, including those with psychotic and mood
disorders, are particularly at high risk for this syndrome. A number of fac-
tors may predispose psychiatric patients to the metabolic syndrome includ-
ing high rates of obesity, unhealthy life style choices, psychiatric treatments,
and the psychiatric disorders themselves. Monitoring for the metabolic syn-
drome begins by identifying high risk patients based on age, ethnicity, and
history. Blood pressure, waist circumference, and weight should be assessed
at regular intervals and increases in these measures should trigger further
evaluation for dyslipidemia and glucose intolerance. The NCEP-ATP III
identified metabolic syndrome as an indication for vigorous lifestyle inter-
ventions including changes in diet and exercise. Weight loss improves all
components of the metabolic syndrome, and exercise, even without weight
loss, can also improve components of the syndrome. In the absence of
improvement with lifestyle changes, pharmacologic treatments for elevated
blood pressure and dyslipidemia are indicated and have decreased the risk of
cardiovascular events.
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INTRODUCTION

Connections between obesity and psychiatric disorders have been noted as
early as in the 1930s and 1940s, and have recently become a source of
heightened interest and debate (1,2). As the prevalence and severity of obe-
sity continue to rise, the question of how obesity intersects with psychiatric
conditions, such as mood disorders, has become increasingly urgent. Like
the endocrine system itself—marked by complexity and reflexivity of feed-
forward and feedback pathways—the interplay of obesity and mood disor-
ders is clearly multidimensional. Attending to the question of obesity, for
example, also means addressing the effects of other conditions that fall
under the metabolic syndrome, particularly those involving glucose regula-
tion such as insulin resistance (IR), type-2 diabetes, glucose tolerance, and
dyslipidemia. In addition, the discussion cannot ignore other intersecting
topics such as the psychosocial aspects of obesity, chronic mental health
problems, and the potential impact of medication use in mood disorders.
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Unlike the delicate balancing act that is a normally functioning endo-
crine system, however, the interplay of obesity and psychiatric disorders
appears to represent the unhinging of a finely tuned system of checks and
balances. Understanding exactly where and why this dysregulation is taking
place not only holds the promise of illuminating connections between the
endocrine, nervous, cardiovascular, and immune systems, but is also a critical
task for progress in clinical preventative and treatment measures.

This chapter focuses on an exploration of polycystic ovary syndrome
(PCOS) as a particular disorder that is not only practically important to
address—becausemanywomenwithmood ormetabolic disorders exhibit fea-
tures of PCOS—but is also theoretically important, as PCOS may lend a
unique perspective on the potential role of IR as an interface between obesity
andmooddisorders. PCOS, a commonendocrinedisorderof reproductive-age
women, which is closely associated with obesity and IR, is increasingly at the
center of the debate surrounding the connections between metabolic dysregu-
lation andmood disorders. Rates of mood disorders may be higher in popula-
tions of women with PCOS; reciprocally, rates of reproductive dysfunction
may be higher in populations of women with bipolar disorder. As is the case
with other facets of this topic, medication usemay also play into this equation.
Thus, an exploration of PCOS in relation to metabolic and psychiatric disor-
ders may shed light on the interconnectedness of the obesity and mood disor-
ders, and provides practical information for clinical and research use.

THE METABOLIC SYNDROME: OBESITY AND IR

Obesity and Metabolic Syndrome: Definitions and
Prevalence Rates

Obesity is operationalized by the measure of body mass index (BMI), which
is calculated by dividing weight (in kilograms) by height (in meters) squared.
Clinical guidelines by the National Heart, Lung, and Blood Institute define
overweight as BMI between 25 and 29.9 kg/m2 and obesity as a BMI of
30 kg/m2 or greater (3). Obesity can be further divided into classes I, II,
and III; class I obesity is defined as BMI between 30 and 34.9 kg/m2,
class II as BMI between 35 and 39.9 kg/m2, and class III as a BMI greater
than 40 kg/m2 (4).

This definition of overweight is based on epidemiological data showing
increases in morbidity and mortality in BMI values above 25, and when
applied to the U.S. population yields estimates that approximately 55% of
adults in the United States are overweight. Roughly a half of this population
(19.9% and 24.9% of the general population for men and women, respec-
tively) is further considered obese, with more recent estimates showing
almost one-third of the general population as obese (3,5). It is interesting
to note that while the percentage of ‘‘overweight but not obese’’ individuals
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has remained relatively stable over the past three decades, the prevalence of
obesity has increased steadily during this time, with the percentage of indi-
viduals registering as ‘‘normal weight’’ consequently diminishing (6).

The subject of obesity cannot easily be disentangled from the topics
of IR, glucose tolerance, and dyslipidemia, among other metabolic and
cardiovascular conditions. This is particularly true when discussing the rela-
tionship between obesity and psychiatric disorders. Obesity may be defined,
in a general sense, as the excessive accumulation of body fat, and operatio-
nalized by specific parameters such as BMI, but the complexity of the con-
dition is not adequately conveyed by these definitions. Obesity is a chronic
multisystem disease that includes genetic, metabolic, hormonal, immunolo-
gical, and behavioral aspects and that effects adipose, muscle, hepatic, ner-
vous, adrenal, and vascular tissues (7).

The observation that a constellation of metabolic and cardiovascular
conditions are often clustered together has resulted in what is now a common
concept referred to as the ‘‘metabolic syndrome.’’ Initially introduced by
Reaven as ‘‘syndrome X’’ or the ‘‘insulin resistance syndrome,’’ it functions
as an overarching concept connecting a variety of abnormalities including,
but not limited to, obesity, hypertension, dyslipidemia, abnormalities of glu-
cose regulation (i.e., IR, glucose intolerance, hyperinsulinemia, and type-2
diabetes mellitus), and atherosclerosis (8–10). Metabolic syndrome has since
been operationalized by the Expert Panel on Detection, Evaluation, and
Treatment of High Cholesterol in Adults (referred to as the ‘‘Adult Treat-
ment Panel III’’ or ATP III) as having three or more of the elements
presented in Table 1. The metabolic syndrome has an estimated prevalence
of more than 21% in the U.S. population, a number that will likely continue
to rise Table 2.

Mood disorders have long been associated with obesity but have also
been connected with abnormalities of glucose regulation such as IR, glucose
intolerance, and type-2 diabetes (22). Thus, it is of particular importance to
outline how obesity and abnormalities of glucose regulation are understood
to be related. The role of the immune system via inflammatory mediators is
also increasing the topic of research and debate in relation to mood disorders.

Table 1 Adult Treatment Panel III Guidelines for Diagnosis of Metabolic
Syndrome. Patients Must Exhibit at Least Three of the Following Conditions

Measure Definition

High blood pressure �130/85mm Hg or antihypertensive medication use
High triglycerides �150mg/dL
Low HDL cholesterol < 40mg/dL in men; <50mg/dL in women
High fasting glucose �110mg/dL or antidiabetic medication use
Abdominal obesity Waist circumference >102 cm in men: >88 cm in women

Obesity, Polycystic Ovary Syndrome, and Mood Disorders 191



Obesity and IR

As the prior nomenclature of ‘‘insulin resistance syndrome’’ suggests,
impaired insulin responsiveness is thought to be central to the metabolic
syndrome. The term ‘‘insulin resistance’’ refers to a resistance to the effects
of insulin on glucose uptake, metabolism, or storage. Specifically, it is man-
ifested by decreased insulin-stimulated glucose transport in adipocytes and
skeletal muscle and by impaired suppression of hepatic glucose output,
usually the result of impaired insulin signaling or downregulation of
GLUT4, the major glucose transporter responsive to insulin (23). Although
IR is known to occur in lean individuals, perhaps as the result of inherited
insulin receptor and postreceptor defects, it is widely accepted that visceral
obesity is the primary determinant of IR (23–25).

Skeletal muscle was originally thought to be the driving tissue behind
systemic glucose homeostasis, but recent studies have suggested that adipose
tissue plays a greater role than previously conjectured (23,26,27). Large
epidemiological studies show that risk for diabetes increases with BMI,
suggesting that the amount of adipose tissue exerts an effect on IR (28).
One proposed explanation of this observation relates to the expansion of cell
membrane surface area, which would lead to a decrease in insulin receptor
density and/or proximity to insulin signaling molecules (7).

Another explanation, however, is rooted in the discovery of adipocytes
as endocrine cells, which can express and secrete peptide and steroid
hormones and cytokines such as tumor necrosis factor alpha (TNF-a), plas-
minogen-activator inhibitor-1, angiotensinogen, interleukon-6 (IL-6), leptin,
cortisol, and estrogen. For example, it is hypothesized that excessive TNF-a
secretion, possibly by adipocytes, impairs insulin signaling and reduces
GLUT4 gene expression (29,30).

That these adipocytes can secrete hormones and cytokines clearly sug-
gests adipose tissue as a source of paracrine effect on nearby tissues. It also
suggests that adipocytes possess the capacity to affect metabolism at diverse
systemic sites such as the brain, liver, gonads, and lymphoid organs (23).

Table 2 Theoretical Relationships Between Mood Disorders and Weight Disorders

Mood disorder Associated weight disorder

Major depressive disorder Underweight, overweight, obesity
Atypical features Overweight, obesity
Typical (melancholic) features Underweight, abdomincal obesity
Juvenile onset Overweight, obesity

Bipolar disorder Abdominal obesity, overweight, obesity

Based on data from studies of obesity and related conditions in persons with syndromal mood

disorders. Source: From Refs. 11–21.
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The potential role of leptin provides one example of this possibility. Leptin
is an adipocyte-derived hormone that can exert influence on satiety, energy
expenditure, and neuroendocrine function (31). When administered to
rodents, it demonstrates an acute as well as long-term insulin-sensitizing
effect (32–34). It is thought to influence insulin through central actions within
the hypothalamus [with effects transmitted to the periphery via alterations in
appetite and possible suppression of the hypothalamic–pituitary–adrenal
(HPA) axis or other neuroendocrine pathways] and/or through local effects
on peripheral target cells. This latter influence may be driven by leptin’s
promotion of lipid oxidation and insulin sensitivity (23,35,36).

Free fatty acids (FFAs) may also play a role in the relationship
between obesity and IR, further allowing adipose tissue to regulate glucose
homeostasis. Heightened FFA levels are consistently associated with obesity
and are likely due to release from expanded adipose tissue, as well as
impaired hepatic metabolism. Elevated FFAs impact insulin sensitivity via
a number of pathways. First, they impair insulin’s ability to suppress hepatic
glucose output; second, they impair the ability of insulin to stimulate glu-
cose uptake into skeletal muscle; and third, they inhibit insulin secretion
from pancreatic b-cells (23).

Thus, it is commonly understood that the increases in adipose tissue
observed in obesity can engender other metabolic changes such as the devel-
opment of IR, type-2 diabetes, and dyslipidemia. The question, and possibi-
lity, that IR may not only be caused by obesity but also contribute to obesity
has also been raised, although the exact mechanisms of such a directional
relationship remain unclear (23). Findings thus far support the observation
that it is often difficult to separate the effects of obesity and IR, as they are
closely tied phenomena.

Lastly, some researchers have pointed out that IR may occur indepen-
dent of obesity and that the sensitivity of insulin is greatly impacted (perhaps,
evenmore than loss of adipose tissue outright) by factors such as cardiovascu-
lar fitness (37). Indeed, it would be incomplete to ignore the impact of obesity
on cardiovascular fitness, and in turn the impact of cardiovascular fitness on
IR. Exercise—both low and high intensity—can positively impact immunolo-
gical factors, lipid levels, and metabolism of glucose. Thus, obesity, with its
propensity to further discourage individuals from vigorous exercise, may
impact the metabolic syndrome via cardiovascular parameters.

OVERVIEW OF MOOD DISORDERS: BIPOLAR DISORDER
AND MAJOR DEPRESSIVE DISORDER

‘‘Mood disorders’’ have had a long and varied history within the field of
medicine, but recent advances in the last 50 years have provided increasingly
detailed information on such aspects as classification, clinical distinctions,
genetics, neuropathophysiology, neurochemistry, and treatment. The major
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disorders that constitute this category, as recognized and described by
the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-IV), are bipolar I disorder and major depressive disorder. In addi-
tion, the DSM-IV has recognized a host of variants of these disorders
characterized by less severe symptomatology. These include dysthymic
and cyclothymic disorders; minor depressive, recurrent brief, and pre-
menstrual dysphoric disorder; and bipolar II disorder (38). In addition to
bipolar I and II, many studies include bipolar disorder not otherwise speci-
fied (NOS) in subject populations with bipolar disorder.

It is estimated that major depressive disorder has a lifetime prevalence
rate of 10% to 25% for women and 5% to 12% for men. The gender differ-
ences in rates of depressive disorders are at the center of much debate, but it
is generally recognized that both biological and social factors may play a
role. Rates of prevalence for bipolar disorder are broken into subsets of
bipolar I and bipolar II. The lifetime prevalence rate of bipolar I disorder is
0.4% to 1.6%, while that of bipolar II disorder is less than 1%. Additionally,
it has been recognized that around 5% to 15% of individuals with bipolar
disorder exhibit ‘‘rapid cycling’’ characteristics (39,40). While approxi-
mately equal numbers of men and women exhibit bipolar I, bipolar II is
more prevalent in women, as are rapid cycling characteristics (41–44).

As a group, mood disorders are characterized by a number of biolo-
gical characteristics. For example, data have consistently suggested that
mood disorders are associated with heterogeneous dysregulations of biogenic
monoamines such as the neurotransmitters norepinephrine (NE), serotonin
(5-HT), dopamine, and acetylcholine. This concept is bolstered by evidence
from treatment of mood disorders with pharmacological agents that affect
neurotransmitter levels. Neuroendocrine axes—particularly, those implicat-
ing the thyroid, adrenal, and hypothalamus glands—also show dysregulation
in patients with mood disorders. Particular abnormalities include the
hypersecretion of cortisol, decreased basal levels of follicle-stimulating hor-
mone (FSH) and luteinizing hormone (LH), and the prevalence of thyroid
disorders (45).

In addition to the implication of the hypothalamus, neuroanatomical
studies support the roles of the limbic system and basal ganglia in presenta-
tion of mood disorder characteristics, and a number of brain imagining stu-
dies have shown decreased blood flow in the frontal cortex. These findings
make sense in light of the fact that monoaminergic systems are distributed
throughout these areas (46).

Mood disorders share other characteristics, including genetic correla-
tions; however, data suggest that there may be a stronger genetic component
to bipolar I disorder than to major depressive disorder. Family studies have
found that first-degree relatives of bipolar I disorder probands are 8 to 18
times more likely than similarly situated control subjects to have bipolar dis-
order. These first-degree relatives are also more likely to experience major
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depressive disorder. To a lesser extent, the same phenomenon is observed for
first-degree relatives of individuals with major depressive disorder. Concor-
dance rates in monozygotic and dyzogtic twins for bipolar I disorder and
major depressive disorder indicate genetic components as well (47,48).

POLYCYSTIC OVARY SYNDROME: THE INTERFACE
OF OBESITY, MOOD DISORDERS, AND IR

PCOS is an endocrine disorder at the center of much interest to date, due
in part to the high rates of obesity and IR observed in populations of
women with PCOS. In addition, our preliminary research has suggested
that mood disorders occur at a higher rate in populations of women with
PCOS, prompting a tentative theory that IR and other forms of metabolic
dysregulation contribute to the pathophysiology of mood disorders. This
section reviews the current understanding of PCOS as a disorder of endo-
crine dysregulation, and describes literature and hypotheses that place IR
as a possible link between mood disorders and obesity. An important topic
in this discussion is the potential role of pharmacological agents used to
treat mood disorders, a number of which have been implicated in the
development of PCOS and in negatively influencing various metabolic
parameters. Lastly, we will address the clinical implications of these
findings that clinicians face practically in the treatment of mood disorders
and obesity.

PCOS: An Overview

Definition and Diagnosis

Polycystic ovary syndrome, as defined by the 1990 NICHD PCOS Confer-
ence, is an endocrine disorder characterized by chronic anovulation and
hyperandrogenemia (evidenced either as clinical hyperandrogenism and/or
biochemical evidence of elevated testosterone levels) in the absence of other
endinocrinopathies such as congenital adrenal hyperplasia, hyperthyroidism,
Cushing syndrome, or hyperprolactinemia (49,50). This is the currently
accepted definition in the United States, although specific characteristics
such as the levels of total or free testosterone that define biochemical hyper-
androgenemism frequently vary.

In 2003, the Rotterdam Consensus supported the concept of PCOS as
a syndrome of ovarian dysfunction, with the cardinal features of chronic
anovulation (oligomenorrhea or amenorrhea), and hyperandrogenemia. In
addition, the consensus agreed that polycystic ovary morphology (PCO),
while not an essential component of PCOS, could be used as a factor in
its diagnosis. The consensus also recognized the variability in presentation
of this disorder; for example, it noted that some women may have regular
cycles yet still be included in the syndrome. As a result, the consensus
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proposed that ‘‘two of the three’’ previously outlined symptoms (ovulatory
dysfunction in the form of oligomenorrhea or amenorrhea, hyperandrogen-
ism, and PCO) be present for diagnosis (51). However, this definition does
not appear to be widely in use to date, as definitions across studies still vary,
and its adoption in the research arena has yet to be broadly documented.

The name ‘‘polycystic ovary syndrome’’ suggests PCO to be an essential
trait of PCOS, and in many countries outside the United States, presentation
of PCO (as observed via ultrasound) is necessary for a diagnosis—a reality
that complicates the comparison of international studies on PCOS (52).
PCO morphology is indeed found at a higher rate in women with clinical
and/or endocrine abnormalities consistent with PCOS (i.e., anovulation
and hyperandrogenism). The genesis of the PCOS disorder reflects this group-
ing of symptoms; in 1935, Stein and Leventhal first identified what is now
recognized as the constellation of conditions surrounding PCOS: hirsutism,
anovulation, PCO, and obesity (53). However, up to one-quarter of the
healthy female population exhibits PCO without any other symptoms of
PCOS, and researchers have found that up to one-half of all women exhibiting
the clinical symptoms of PCOS do not have PCO (52,54,55). For these and
other reasons, most operational definitions of PCOS in the United States
for research purposes have tended to exclude PCO as a defining criterion.
Although the Rotterdam Consensus now includes PCO as one potential diag-
nostic criterion, it remains to be seenwhether the option of including PCOas a
diagnostic component of PCOS will be adopted by American researchers.

Anovulation is recognized in a variety of forms: ovulatory dysfunc-
tion, polymenorrhea, secondary amenorrhea, or oligomenorrhea (perhaps
the most common symptom of anovulation, typically operationalized as
eight or fewer menstrual cycles per year or cycle length of greater than
35 to 40 days). Hyperandrogenemia can be clinically evaluated (i.e., hyper-
androgenism), through the presence of acne or hirsutism, the latter of which
is usually evaluated by the Ferriman–Gallwey scale (56). It can also be
biochemically evaluated through the measurement of serum levels of total
or free testosterone.

Given the varying definitions of PCOS, incidence rates are wide ran-
ging, from 3% to 52% depending on the definition used and the population
studied (57–59). However, a widely acknowledged estimated incidence is
between 4% and 6% (49,60).

Pathophysiology

Biochemical aspects of PCOS that have been identified highlight the concept
of the ‘‘vicious circle’’ of endocrine dysregulation that appears to occur at
the level of the hypothalamic–pituitary–gonadal (HPG) axis (Fig. 1). In
this model, excess androgens, deranged GnRH release, elevated inhibin B
levels, and IR/hyperinsulinemia coalesce to suppress FSH and increase
LH-stimulated ovarian steroidogenesis. Specifically, insulin is known to
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stimulate ovarian androgen production in women with PCOS via action on
ovarian thecal cells (61–63). This prevents follicle maturation and leads to
the development of small, immature follicles, and follicular cysts. Because
immature ovarian follicles do not express aromatase, the enzyme that con-
verts androgens to estrogens, the ovary secretes primarily androgens in
response to LH. These androgens, in addition to those released from the
adrenal gland, may contribute to the clinical and biochemical features of
hyperandrogenemia. They also increase circulating estrogen levels, as excess
androgens are peripherally aromatized to estrogens. These estrogens then
feed back into the cycle to disrupt normal LH regulation and cyclicity.

Biochemical observations in women with PCOS have confirmed a
number of endocrine theories of PCOS. LH levels are often high, perhaps
due to an increased amplitude and frequency of LH pulses, and while
FSH levels tend to stay within range, women with PCOS frequently exhibit
high LH:FSH ratios (64–68). Heightened free or total testosterone levels are
also common, but much variability in androgen levels has been observed
(69,70). For example, hirsute women do not necessarily have higher concen-
trations of androgens but may simply exhibit greater sensitivity to androgen
levels (71,72).

It has also been noted that obese subjects with marked hirsutism may
exhibit normal serum concentrations of total testosterone but, because
obesity has been known to suppress sex-hormone binding globulin (SHBG),
experience an increased rate of androgen production (52). Low SHBG may
also contribute to an increase in circulating estrogen. Although estrogen

Figure 1 The hypothalamic-pituitary-ovarian axis. Abbreviations: GnRH, gonado-
trophin releasing hormone; P, progesterone E2, estradiol; FSH, follicle-stimulating
hormone; LH, luteinizing hormone; (�), negative feedback; (þ), positive feedback.
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levels are often within normal range, the condition of anovulation means
there is no midluteal increase in estradiol concentrations and as a result
of the lack in cyclical progesterone secretion, these estrogen levels are gen-
erally unopposed (73). Because adipose tissue can convert androgens to
estrone, obesity may also impact the estrogen levels (74,75).

Lastly, hyperprolactinemia has been noted in patients with PCOS. This
biochemical feature has been reported in between 5% and 30% of women with
PCO, with roughly 17% of women with PCOS exhibiting it (76–79). A recent
study investigating hyperprolactinemia in nonobese PCOS subjects found
higher mean insulin and HOMA levels in hyperprolactinemic versus normo-
prolactinemic subjects. The authors concluded that nonobese PCOS patients
with hyperprolactinemia may be at greater risk for IR (80). A further study
links the hyperprolactinemia insulin-resistant state to a number of conditions,
including elevated FFAs, a decrease in the number of insulin receptors, or
postreceptor binding defects in insulin action (81). As is the case with most
aspects of PCOS, no clinical features have been discovered to be uniformly
present in all cases of PCOS; thus, there is currently no ‘‘sine qua none’’ of
PCOS to aid in the definitive diagnosis of the disorder.

Metabolic Aspects of PCOS

With the dramatic rise in rates of metabolic syndrome and the increased
awareness about its serious cardiovascular health sequalae, the metabolic
aspects of PCOS—including obesity and IR—have increasingly become the
focus of discussion and research. PCOS is clearly associated with obesity, with
some researchers estimating up to 50% of the PCOS population as obese, in
contrast to recent estimates that one-third of the general population is obese
(5,58). As Franks points out in his seminal paper on PCOS, it has long been
recognized that syndromes characterized by extreme IR are associated with
ovarian hyperandrogenism (52). In line with this observation, research has
shown higher rates of IR in populations of women with PCOS, with findings
that up to 40% of women with PCOS exhibit this abnormality (82,83).

Although the details of the interrelation of adipose tissue, IR, excess
androgens, and HPA dysregulation have yet to be fully mapped, a number
of observations provide important clues. IR in women with PCOS appears
both in obese and nonobese women, and rates of IR in both of these groups
are considered higher than the normal population (84). In vitro studies sug-
gest that insulin augments the ovarian androgen response to LH (85,86).
Insulin may also affect androgen levels by suppressing SHBG levels (87).
As might be expected given the higher rates of IR, women with PCOS also
show a higher prevalence of type-2 diabetes (estimated at 7.5% to 10%) and
impaired glucose tolerance (estimated at 31% to 35%) (88). Significantly,
women with PCOS also appear to have an increased risk of cardiovascular
pathology that develops more precociously than the general female popula-
tion (89–93). For example, it has been reported that the rate of conversion
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from impaired glucose tolerance to type-2 diabetes increases from 5 to
10-fold in PCOS populations (82,94,95).

Studies suggest that IR in PCOS may be at least partially independent
of the effect of obesity. Higher rates of IR have been noted in both lean and
obese subject populations with PCOS, although IR appears to be worse
when there is an interaction between obesity and PCOS (96). Excess circulat-
ing androgens are one possible point of influence, but research suggests that
insulin affects androgen secretion more than a relationship in the opposite
direction (52). In addition, it has been noted that IR and diabetes are more
likely to be seen in women with anovulatory features rather than in women
who only exhibit clinical features of hyperandrogenism (52).

Treatment and Management

PCOS is recognized as the most common cause of infertility in women of
reproductive age. Treatment of PCOS often reflects this deficit, with the
goal of treatment being regular ovulation for fertility purposes. However,
treatment for PCOS can also be directed at the clinical symptoms of
hyperandrogenism (such as acne, hirsutism, or alopecia), or aimed at reg-
ulating metabolic parameters such as high IR or obesity. Generally, treat-
ment for PCOS is tailored to address the particular problematic symptoms
of that individual, but health care practitioners are increasingly aware of
the need to prevent, treat, and manage the long-term health sequalae of
the disorder.

The first line of treatment for PCOS has also changed dramatically
over the past century. Around the time of Stein and Leventhal’s original
identification of the disorder, surgical management through what was
known as ‘‘ovarian wedge resection’’ (a procedure that removed a portion
of the ovarian capsule and that was shown to prompt normal ovulatory
cycling) was a popular, yet invasive, form of treatment. However, wedge
resection often failed to combat the excess androgen levels associated with
the disorder. Although it fell heavily out of favor in the latter part of
the 20th century, laparoscopic takes on the same procedure have been
enjoying a small revival.

Instead, PCOS is now typically treated through the administration of
hormones, such as estro-progestin oral contraceptives (OCPs), or pharma-
cological agents such as spironolactone or metformin. Use of OCPs is still
a common method of inducing regular cycling. This method has the benefit
of creating regular bleeding periods, reducing the risks of unopposed estro-
gen, and reducing the androgens produced by the ovary. OCPs are thought
to reduce hyperandrogenic clinical features via the suppression of LH, an
increase in SHBG, and the inhibition of 5a-reductase and androgen receptor
binding (97,98). However, for women whose primary concern is the desire to
become pregnant, OCP use is clearly contraindicated.
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In these cases, methods of inducing ovulation are necessary. Anti-
estrogens such as clomiphene citrate have historically been popular for this
function. Suppressing the amount of estrogen early in the menstrual cycle
often causes the hypothalamus and pituitary to increase production of
FSH and LH, thereby promoting the development and release of a follicle.
Although still utilized, this form of fertility treatment has fallen in popular-
ity as of late. Instead, the use of insulin sensitizers has become prevalent as
the first line of fertility treatment for anovulatory women with PCOS.

In the early 1990s, research started to indicate that IR showed an
inverse correlation with menstrual disorders (99). It was consequently dis-
covered that improvement of peripheral insulin sensitivity with insulin sen-
sitizing agents such as metformin, a biguinide, could induce ovulation and
normal cycling (100–103). In addition to ovulatory effects, administration of
metformin has been shown to decrease levels of LH, the LH:FSH ratio,
testosterone, androstenedione, DHEAS, and basal 17-OH-progesterone,
and to increase levels of SHBG (104). Reductions in the Ferriman–Gallwey
scores of women on metformin for six months indicate that effects on bio-
chemical androgens are clinically exhibited as well (105).

Treatment options to combat excess androgens in relation to their clin-
ical manifestations (acne, hirsutism, and alopecia) can be used alone or in
conjunction with metformin. These consist of flutamide and spironolactone,
androgen receptor agonists, and finasteride, a drug that inhibits type-2
5a-reductase. The former are both used mainly to combat hirsutism, but
flutamide has been shown to have many positive metabolic effects (lowering
insulin levels after administration of glucose and decrease in LDL levels) in
addition to lowering androgen levels. Moreover, it has been shown to
prompt a recovery of ovulatory cycles; however, administration must be
carefully monitored given the possible hepatoxicity (104).

Prevalence of PCOS in Mood Disorder Populations

In 2000, we published a report on the prevalence of PCOS in a population of
22 women ages 18 to 45 with bipolar disorder (I, II, or NOS) and who were
being treated with lithium and/or divalproex. None of these patients met
criteria for PCOS as defined by the 1990 NIH consensus. However, all of
the women receiving lithium reported some type of menstrual disturbance
(amenorrhea, oligomenorrhea, menorrhagia, or dysmenorrhea) in their
histories, while 67% of the women receiving valproate reported some type
of menstrual disturbance in their histories. For the women receiving lithium,
the most common menstrual disturbances were dysmenorrhea (60%) and
oligomenorrhea (20%); all but one woman reported these symptoms to have
started before treatment with lithium. In the valproate group, the most
common menstrual disturbances were oligomenorrhea (30%) and menorrha-
gia (30%). Incidents of amenorrhea (four in total: one in the lithium group,
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two in the valproate group, and one in the mixed group) were reported to
have commenced before treatment for bipolar disorder. Clinical evaluations
did not reveal significant hirsutism in any groups, and while hormonal screen-
ings showed that women receiving valproate exhibited elevated concentra-
tions of total and bioavailable testosterone and DHEA when compared to
women receiving lithium, these differences were not significant (106).

Thus, although this study showed no differences in rates of menstrual
disturbances, hirsutism, or PCOS between medication groups (a claim that
has been made and will be addressed shortly), it did provide preliminary
data on the rates of menstrual dysfunction in a group of women treated
for bipolar disorder, showing that experiences of menstrual dysfunction
were relatively common among this population. Given the lack of a control
group, the study could not comment on whether these rates were signifi-
cantly higher than those of a normal, healthy population, but the high rates
were certainly suggestive of such a difference. Another interesting finding of
this study was that most menstrual abnormalities appeared to first emerge
before pharmacological treatment for bipolar disorder was started, suggest-
ing that high rates of menstrual abnormalities may be linked more to the
etiology of bipolar disorder than its treatment.

Another study by our research group, albeit in a small sample, cor-
roborated the finding that menstrual abnormalities, in particular long cycles,
are common in women with bipolar disorder. In a study that evaluated
mood over the menstrual cycle in 17 women between the ages of 18 and
45 with bipolar disorder, 11 women (59%) were found to have long cycles
(greater than 29 days), with three of these women (18%) exhibiting oligome-
norrhea (cycles greater than 35 days) (107). Similarly, a study analyzing the
results of a county-wide survey among high-schoolers also found associa-
tions between menstrual abnormalities—particularly late menarche, second-
ary amenorrhea, and long cycles—and depressive disorder symptoms as
measured by the Beck Depression Inventory. The latter two menstrual
abnormalities were also associated with eating disorder symptoms (108).
Such findings strengthen the observation that menstrual abnormalities are
associated with mood disorders in a unique way.

Research has also investigated the biochemical and endocrinological
aspects of mood disorders that may reflect PCOS. Matsunaga et al. (109)
examined functioning of the HPG axis in 12 women with bipolar or psychotic
symptoms which fluctuated with the menstrual cycle and found 67% of the
women exhibited elevated basal LH concentrations, 50% exhibited decreased
basal FSH, and 50% exhibited elevated serum testosterone, all of which are
common biochemical features of PCOS. This evidence suggests that women
experiencing mood disorder symptoms in close relation to their menstrual
cycle may be more likely to exhibit or develop PCOS features. However,
the majority (8 out of the 12, or 67%) of these women exhibited psychotic
features, whereas only four exhibited strictly bipolar disorder features.
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Similarly, Baischer et al. (110) studied the HPG axis in 20 premenopau-
sal women with major depression according to the DSM-III-R and compared
results of common reproductive hormone concentrations immediately before
pharmacological treatment for depression was started, as well as one month
into treatment with clomipramine, to a group of 10 healthy controls. The
authors found significantly elevated levels of testosterone in the untreated
depressed patients compared to the controls. However, while the testosterone
levels of the depressed women after one month of clomipramine treatment
remained higher than the controls, this difference was no longer statisti-
cally significant. In addition, treated patients showed higher levels of pro-
lactin and lower levels of FSH compared to controls. These results again
suggest that HPG and/or HPA axis dysregulation is common in female
mood disorder populations, particularly related to excess androgens.

There is some confusion as to whether noted androgen excess is a result
of HPA or HPG dysfunction. Weber et al. (111), in a study of androgen con-
centrations in women with major depressive disorder (as defined by the
DSM-IV) compared to healthy controls, found that circulating levels of
androstenedione, testosterone, and dihydrotestosterone to be elevated in
depressed women, as were cortisol and DHEA concentrations. Given that
the authors found no differences in LH or FSH between depressed women
and controls, the authors concluded that elevated androgen levels are most
likely of adrenal origin and thus linked to HPA axis dysregulation. However,
the question of HPG axis influence has not yet been decided.

Clearly, although more studies have looked at individual endocrine or
clinical characteristics in relation to mood disorders, few studies exist that
examine the rate of PCOS in populations of women with mood disorders.
Our own research projects represent the first attempts to describe and inves-
tigate the rate of menstrual abnormalities, and strictly-defined PCOS more
specifically, in a bipolar population; however, the studies lack healthy
control groups with which to compare data in the bipolar population, and
additionally there was no control group of women with bipolar disorder
who were not being treated. Despite the fact that many women reported
the onset of menstrual abnormalities before medication use, data is retro-
spective, thus it is hard to know what role medication use may have played
in the development or course of menstrual abnormalities. There have been
no studies to date that investigate the rate of menstrual abnormalities in a
depressed population. Endocrine studies, however, have shown profiles of
HPA and HPG axis dysregulation similar to those seen in PCOS.

Prevalence of Mood Disorders in PCOS Populations

Women with PCOS or PCOS-like features experience both biochemical and
psychosocial conditions that contribute to an elevated risk of depression.While
hyperandrogenemia and IR—in addition to other endocrine and metabolic
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disorders common to PCOS—exhibit the potential to impact mood pathophy-
siologically, it is impossible to ignore thepsychosocial aspectsofPCOSthatmay
also engender depressive symptoms. Women with PCOS experience obesity
(particularly abdominal obesity), hirsutism, acne, menstrual abnormalities,
and infertility at higher rates than the normal population. All these condi-
tions can lead to social stigmatism, stress, low self-esteem, and other factors
that negatively influence psychological well-being.

Few studies have addressed these psychosocial dimensions of PCOS,
but those that have confirm the hypothesis that PCOS negatively impacts
mental health and well-being via these routes. A qualitative paper reporting
on the experiences of women with PCOS noted that women’s sense of
feminine identity is often fractured, and in adolescents with PCOS at least
one study has shown that a diagnosis of PCOS has a negative impact on
health-related quality of life measures such as physical functioning, general
behavior, and family activities (112,113).

A study examining quality of life, psychosocial well-being, and sexual
satisfaction measures in 50 women with PCOS compared to 50 age-matched
healthy controls found that women with PCOS exhibited greater psycholo-
gical disturbances, depression, and anxiety. Women with PCOS were found
to have lower life satisfaction ratings and decreased scores for physical role
function, bodily pain, social function, emotional role function, and mental
health. Many of these measures remained significant even after controlling
for BMI (114). In addition, informal data collected from women who
attended the PCOS Society meetings and visited the National PCOS
Association website—both populations with possible selection bias—indi-
cated that 65% to 85% of women self-identified as having PCOS reported
depression (115).

The pathophysiology of PCOS is also considered a potential influence
on risk for mood disorders. Given the studies showing an association
between elevated androgen levels and depression, it is not surprising some
studies have shown that women with hyperandrogenic syndromes are at
higher risk for mood disorders (110,111,116–118). The biochemical connec-
tions between depression and hyperandrogenemia may be rooted in HPA
axis dysregulation (in particular the consequent elevated cortisol levels which
are often observed in depressed populations) but may also be impacted by
HPG dysregulation.

In a pilot study of 32 women diagnosed with PCOS, we found that
16 (50%) exhibited CES-D scores of greater than or equal to 16, indicating
depression. An interesting finding of this study was that patients who were
not being treated for their PCOS exhibited higher rates of depression than
women receiving OCP treatment (66% vs. 29% of women exhibited depres-
sion respectively). However, there were no clinical or biochemical differ-
ences between these two groups. Furthermore, untreated depressed
patients exhibited more PCOS functions, in particular significantly higher
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BMI and IR values, than untreated nondepressed patients. Besides the stri-
king observation that depression was more common in women with PCOS
compared to the general population [50% compared to recent rates of 10%
in the general population], these preliminary results suggest that aspects of
the metabolic syndrome, such as IR, may be pathologically linked to depres-
sion (119). In addition, further research should investigate the possibility
that oral contraceptives are uniquely protective against depression in this
particular population (120).

A previously published case study by our group also suggests a patho-
logical link between PCOS and depression via IR. We reported that a
woman with diagnosed PCOS and treatment-resistant recurrent major
depression was treated for PCOS with metformin, an insulin sensitizer,
and spironolactone, a diuretic used to treat hyperandrogenemia. At base-
line, the patient exhibited a high HOMA value of 3.9. Consistent with the
diagnosis of treatment-resistant major depression, the patient was experien-
cing prominent depressive symptoms at the commencement of her PCOS
treatment despite a treatment regime with a common antidepressant, and
thus she agreed to taper off her antidepressant two weeks into her PCOS
treatment. Consequently, at follow-up three months later the patient was
euthymic, and remained so for one year. She had lost approximately
10 pounds, regained regular menstrual cycles, and her HOMA score, while
still higher than what is considered normal, had dropped to 2.8 (121).
Although limited to a single case study, such an observation provides
further reason to investigate the role of IR as a central component of some
mood disorders.

Taken together, these limited preliminary studies certainly implicate
endocrine aspects of metabolic syndrome and hyperandrogenemia in the
pathogenesis of mood disorders, and strongly suggest that IR and weight
gain or obesity may mediate connections between PCOS and depression.
Still, much research remains to be done in order to fully understand the
mechanisms of these relationships. For example, it is clear that not all
women with depression exhibit IR, nor do all women experiencing obesity
exhibit IR or depression. Thus, future studies should target how to identify
sub-populations whose obesity or IR, particularly in the context of PCOS,
puts them at greater risk for mood disorders. It is possible that treatment
of IR, in these cases, may successfully prevent or treat certain mood disorder
symptoms. In this vein, we are currently launching a pilot study to examine
this possibility.

Issues in Treatment of Mood Disorders with
Antiepileptic Drugs: Is PCOS a Risk?

The associations between obesity and mood disorders have gained attention
in part because of the observation that pharmacological treatment of mood
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disorders (particularly with antiepileptic and antipsychotic medications) may
impact metabolic parameters. One of the critical questions appears to be: to
what extent may medication use lead to a development of the metabolic
syndrome? As has been explored in this chapter and others, associations
between mood disorders and the metabolic syndrome are well documented,
but it remains unclear what mechanisms, including those related to
medication use, may connect these conditions.

We revisit the topic of medication use in mood disorders because of
the recent arguments that some medications not only impact the metabolic
system but also contribute to the development of PCOS or PCOS-like
features such as menstrual abnormalities or hyperandrogenism. This section
reviews the literature on this topic and discusses the ways in which research
in this area has contributed to our understanding of the potential metabolic
aspects of mood disorder.

The debate about the impact of pharmacological agents on reproductive
function and PCOS started not in a mood disorder population but in an epi-
leptic one, emerging out of clinical observations by Isojarvi et al. (122) that
women with epilepsy who received the antiepileptic drug (AED) valproate
experienced an increased rate of menstrual abnormalities. In this cross-
sectional study, androgen levels were slightly elevated in women receiving val-
proate but were only significantly higher when compared with normal women.

However, studies have shown that rates of PCOS are consistently
higher in epileptic populations compared to the general population
(123–126). Some authors have argued that epileptic discharges from the
amygdala to the hippocampus may affect the secretion of gonadotropin
releasing hormone (GnRH), which would promote LH secretion over
FSH secretion (126,127). Moreover, LH pulse frequencies were shown to
be associated with left-sided (as opposed to right-sided) temporal foci and
PCOS may be more common with left temporolimbic epileptiform dis-
charges than with right ones (128,129). Thus, debate ensued about whether,
and to what extent, increased risk for PCOS in epileptic populations
reflected iatrogenic influences or the underlying etiology of epilepsy.

These and other observations contributed to the argument that higher
rates of PCOS did not necessarily reflect sole iatrogenic influence. This
debate was revived—in the new context of mood disorder populations—
when the antiepileptic drugs valproate and carbamazepine attained wide-
spread use for the treatment of bipolar disorder. A complicating factor in
the determination of whether the etiology of bipolar disorder plays a role
in the development of PCOS-like features (vs. iatrogenic causes) is the fact
that studies examining untreated bipolar patients are few and far between.
Thus, rates of menstrual abnormalities and clinical hyperandrogenism in
the absence of medication use have not been adequately pinpointed. Few
studies have examined these measures longitudinally, and even fewer have
recorded these measures before starting pharmacological treatment.
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Results of the limited studies that are focused on a population of
women with bipolar disorder do not propose definitive answers. As
mentioned earlier, one study described an association between endocrine
abnormalities reminiscent of PCOS (e.g., elevated LH and decreased
FSH concentrations) and bipolar or psychotic symptoms (109). However,
it is unclear whether or how these women were being treated for their psy-
chiatric symptoms. A number of our own studies have repeatedly sug-
gested high rates of menstrual abnormalities in a bipolar population, but
no studies examine rates of menstrual abnormalities before treatment or
in comparison to an untreated bipolar group (106,107,130). However,
our results did suggest that many cases of long menstrual cycles preceded
the onset of bipolar disorder, which may mean that woman at risk for
bipolar disorder also harbor an underlying predisposition to reproductive
dysfunction. In addition, a study that compared menstrual disturbances
between valproate-only, lithium-only, and valproateþlithium medication
groups did not find significant differences in rates of menstrual distur-
bance, suggesting that valproate may not play such a central role as had
been earlier conjectured.

A number of studies suggested that valproate use in women treated
for bipolar disorder may be associated with menstrual abnormalities and
elevated androgens. A study by O’Donovan et al. (131) found that out of
17 bipolar women receiving valproate, 15 bipolar women on non-valproate
medications, and 22 control women with no psychiatric history, rates of
menstrual disturbance were significantly higher in the valproate group. There
were no significant differences in BMI between the groups. Similarly, a cross-
sectional study byMcIntyre et al. (132) compared 18 bipolar women receiving
valproate and 20 bipolar women receiving lithium with regards to rates of
menstrual irregularities and reproductive hormone levels.Menstrual irregula-
rities were reported in 50% of the women receiving valproate, compared to
15%of thewomen receiving lithium. Free testosteronewas significantly higher
in the valproate group as well, but LH was elevated in both groups.

Lastly, Akdeniz et al. (133) explored similar parameters in 30 women
with bipolar disorder who were receiving valproate monotherapy, lithium
monotherapy, or valporate–lithium combination therapy, and compared
this data to 15 women with IGE receiving valproate. The authors found that
none of the bipolar patients receiving lithium reported experiencing
menstrual disturbances, while 20% of bipolar women on valproate therapy
did (compared to 47% of the women with IGE receiving valproate). No
hormonal measures (including LH, FSH, total or free testosterone, and lipid
levels) were different in the bipolar valproate group compared to the bipolar
lithium group, except for fasting glucose levels, which were elevated in both
bipolar and epileptic subjects receiving valproate.

The results of these studies do not paint a coherent picture of the rela-
tionship between AED treatment of bipolar disorder and the development
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of metabolic or reproductive dysfunction. It appears likely that both iatro-
genic and etiological factors play a role in the development of PCOS-like
features in a bipolar population. Lastly, medication use in major depressive
disorder has not been shown to have a significant negative effect on repro-
ductive or metabolic function. Thus higher rates of menstrual dysfunction in
populations of women with depressive disorders may provide additional
evidence that the underlying etiology of mood disorders contributes to the
endocrine and metabolic features of PCOS.

Theoretical Implications of PCOS and Mood Disorders

Taken together, research on PCOS as an endocrine disorder with metabolic
facets reveals insight into the commonalities of pathophysiology among
obesity, PCOS, and mood disorders, and suggests that IR may be a common
underlying factor. While obesity—particularly visceral obesity—is closely
associated with IR, limited findings suggest that the mechanisms of IR in
PCOS and mood disorder populations may operate in subtly distinct ways,
i.e., be more primary rather than secondary in nature. As populations of
women with mood disorders have been shown to exhibit higher rates of obe-
sity and IR, possibly preceding pharmacotherapeutic treatment, the role of
these factors in the development of menstrual abnormalities or PCOS
features over the course of the mood disorder (particularly in relation to
medication use) deserves further investigation.

Specifically, two important and related questions emerge as highly
important sites of research and thinking. Clearly, it is important to under-
stand how various medications used to treat mood disorders may affect
the metabolic and reproductive systems of women. While literature on this
topic is not abundant, a number of studies have provided a promising start;
however, there is as always a need for more longitudinal, controlled studies
evaluating metabolic and reproductive parameters of women treated
for mood disorders. In particular, studies that track PCOS features
specifically—such as strictly operationalized anovulation and hyperandro-
genemia—will be welcome additions to the field.

However, research in this area must also tackle the important question
of whether or not the underlying etiology of mood disorders influences the
development of metabolic and/or reproductive dysfunction. Particularly,
since studies suggest that IR and other forms of metabolic dysregulation
may manifest in mood disorder populations separate from or prior to medi-
cation use, it is crucial to understand whether women with mood disorders
are at elevated risk for reproductive dysfunction, and whether such a risk
is tied to metabolic pathophysiology.

Such a research question will demand studies that establish reliable
rates of reproductive and metabolic dysfunction in female bipolar popula-
tions before medication commencement and that compare these rates to

Obesity, Polycystic Ovary Syndrome, and Mood Disorders 207



control groups. While even cross-sectional studies of this nature are needed
at this juncture, longitudinal studies that track metabolic and reproductive
parameters from onset of mood disorder through treatment are ideal. Again,
evaluating specific parameterizations of PCOS in these populations will be
important. Lastly, research that examines the specificities of the relationship
between obesity, IR, and other metabolic syndrome attributes such as dysli-
pidemia in a mood disorder population will be important in characterizing
whether IR is predominantly primary or secondary in nature, particularly
as IR in PCOS populations may not be limited to affects of obesity.

Practical Considerations Regarding PCOS and Mood Disorders

Given the rising rates of obesity and metabolic syndrome in our population
as a whole, monitoring these parameters in a mood disorder population is
clearly an important element of treatment and management. It is even more
important given the potential metabolic effects (particularly related to
weight gain, which appears not an uncommon experience among individuals
treated for mood disorder) of medication use. As has been pointed out by a
number of other authors, the development and implementation of healthy
lifestyle patterns (such as healthy eating and exercising patterns) should
be a primary starting point when formulating treatment and management
guidelines. Weight loss is often cited as a target of intervention, but the
beneficial effects of cardiovascular exercise should not be overlooked.

Preliminary studies also suggest that women with mood disorders and
their clinicians may want to loosely ‘‘monitor’’ their reproductive function-
ing. Such monitoring does not necessarily demand a comprehensive endo-
crine evaluation, say, but might start with the simple administration of a
reproductive/menstrual history questionnaire that ascertains to what extent
a female patient has experienced menstrual abnormalities, difficulties con-
ceiving, and/or clinical manifestations of hyperandrogenemia. This process
would help to identify women at risk for reproductive dysfunction earlier,
rather than later, and enable greater awareness of changes in reproductive
functioning that may accompany medication use. While studies on the
effects of specific medications on reproductive function remain inconclusive,
literature has shown some increases in androgens associated with valproate
use. Thus, monitoring of androgens and other reproductive hormones may
be of interest to women who experience development of hyperandrogenemic
symptoms and/or menstrual disturbances.

Perhaps of greatest importance in the clinical community is to recog-
nize that reproductive dysfunction may be elevated in mood disorder popu-
lations; and indeed, the opposite may be true as well. This ensures that
clinicians have their eyes open to the first signs of metabolic and reproduc-
tive dysfunction so that appropriate action may occur in a timely manner
and with the least long-term effects. It may also have the added benefit of
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encouraging greater collaboration between researchers in the gynecological,
endocrinological, metabolic, and psychiatry specialties, which can lead to
further advances in the understanding of how IR plays into the pathophy-
siology of psychiatry and reproductive disorders.
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INTRODUCTION

It is generally accepted that the cause of obesity is multifactorial, brought
about by an interaction between predisposing genetic and metabolic factors
and a rapidly changing environment. Among the cultural and societal fac-
tors, unhealthy diets and sedentary behaviors have been identified as the
primary causes. This makes sense since by simple definition, obesity is a dis-
order of energy imbalance, where energy in exceeds energy out. The result-
ing weight gain is a function of time (months or years)� surplus energy
(kcal). Energy balance is critical as daily calorie mismatch of only þ1%
would theoretically lead to a gain of approximately two pounds of fat per
year (1). Data from the National Health and Nutrition Examination Sur-
veys (NHANES) shows that during 1971 to 2000, a significant increase in
average energy intake occurred—for men, average intake increased from
2450 to 2618 kcal, and for women, from 1542 to 1877 kcal (2). In contrast,
trends in physical activity have remained stable with only about one-quarter
of Americans engaging in recommended levels of activity between 1990 and
1998 (3). Due to this increasing ‘‘calorie gap’’ between intake and expendi-
ture, the prevalence of obesity in the United States over the past 30 years has
doubled, increasing from 14.5% to 30.9%. These two principal factors,
overconsumption of calories and lack of engagement in physical activity,
overwhelm an individual’s innate physiological adjustment to maintain
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normal energy balance. Attention to these two behavioral factors forms the
cornerstone for obesity treatment.

Dietary therapy, exercise counseling, and behavioral change are the
principal interventions of lifestyle modification. The primary intent of
lifestyle modification is to empower individuals with the knowledge, skills,
strategies, resources, and support to choose dietary, physical activity, and
coping patterns that are consistent with maintenance of health, prevention
of disease, and improved disease management. These are essential features
of obesity care as patient choice and ability to implement change will ulti-
mately determine outcome. Provision of support for lifestyle modification
is indicated for all patients who are overweight, obese, or those at risk for
gaining weight. This is particularly pertinent for patients who have been
prescribed weight gaining psychotropic medication regardless of their body
mass index (BMI). This chapter deals with the interventions of lifestyle
modification—dietary therapy for the management of obesity (4).

DIETARY ASSESSMENT

Assessing Motivation and Readiness

Dietary therapy begins by conducting a thorough dietary assessment of the
patient starting with evaluation of readiness and motivation to make dietary
changes. Although it is reasonable to ask patients if they are interested and
ready to change their diets further inquiry about readiness should be explored
by assessing the patient and his/her environment. The National Institutes of
Health (NIH) practical guide to identification, evaluation, and treatment of
overweight and obesity in adults recommends that providers assess patient
motivation and support, stressful life events, psychiatric status, time avail-
ability and constraints, appropriateness of goals, and expectations to help
establish the likelihood of lifestyle change (5). One helpful method to begin
a readiness assessment is to ‘‘anchor’’ the patient’s interest and confidence
to change on a numerical scale. To measure this, simply ask the patient,
‘‘On a scale from 0 to 10, with 0 being not important and 10 being very impor-
tant, how important is it for you to change your diet at this time?’’ and ‘‘Also
on a scale from 0 to 10, with 0 being not confident and 10 being very confident,
how confident are you that you can change your diet at this time?’’ (6).
Answers to these two questions can be used to initiate further dialogue, such
as, ‘‘I see you have ranked the importance of changing your diet at eight and
your confidence at four. What should happen to raise your confidence of
changing your diet to eight or nine?’’ This technique allows patients to articu-
late specific needs or concerns that can be addressed during counseling, such
as nutrition knowledge, cooking skills, financial concerns, and fear of exces-
sive hunger or deprivation, among others. Once motivation and readiness are
assessed, the next step is to evaluate the patient’s weight and dietary history.
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Taking a Weight History

A weight history is best appreciated and understood by asking the patient to
graph his or her weight as it relates to life events. We have found that this
simple exercise can be one of the most revealing, reflective, and insightful
activities performed during the evaluation process. Patients who feel that
they have tried everything are often able to identify how and why previous
attempts were unsuccessful. Typically, common weight change patterns
emerge such as progressive weight gain, weight cycling, or long periods of
weight stability followed by short bursts of weight gain. Engaging the
patient to verbally review his or her weight chart should be part of the
encounter. For example, if weight gain begins after childbirth, a discussion
may reveal the inclusion of more fast food stops, or cleaning up and eating
unfinished treats, or feeling too tired for exercise. Alternatively, an asth-
matic who was placed on steroids for several months may report a rapid
increase in appetite and cravings for sweetened foods. Asking the patient
what triggered an intentional weight loss as well as what caused recidivism
after a successful treatment is also useful. Figure 1 shows two examples of
weight graphs from our patients. The provider should listen to themes that
will help dictate the content and style of the nutrition intervention.

Dietary History and Food Logs

After discussing the weight history, the focus turns to the present by obtain-
ing a diet recall. This may be achieved by asking the patient the following:
‘‘Can you take me through a typical day in terms of eating, starting with
the first thing you had to eat or drink all the way through your day to the last
thing you had to eat or drink?’’ By asking about a typical day instead of what
was for breakfast, lunch, and dinner, patients are more likely to feel comfo-
rtable identifying routine patterns such as grabbing fast food for breakfast or
skipping meals entirely. Be sure to ask about spreads, dressings, butter, oils,
and margarines that can add extra calories. Also inquire about portion sizes
and the timing and location of eating and snacking. During this entire pro-
cess, it is extremely important that patients do not feel judged or graded
for their dietary choices. Food is a very personal and intimate experience
for many people and it is often hard for them to honestly and openly reveal
this information. This perspective must be kept in mind throughout the
evaluation and counseling session.

Although a diet recall provides a glimpse into a typical day, many
patients consume majority of extra calories on weekends or during out of
town trips. Keeping a food log or food journal for several days or weeks
may uncover these sources of excessive calories. Emphasize the addition
of key details such as time (when), place where meals and snacks are eaten
(where), and estimated portion sizes (how much). The sample food log
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provided in Figure 2 depicts a typical patient struggling to make healthy
choices. While the reported diet on the whole appears healthy, closer exami-
nation of this log identifies several barriers to success. First, the work place
harbors various diet traps, such as catered meetings with unhealthy foods,
and patient needs strategies to overcome the ease of making poor choices.
Second, waiting for more than three to four hours to eat enhances cravings
and sets the stage for eating larger portions and making poor choices.
Finally, quick meals on the run are often accompanied by extra calories such

Figure 1 Weight graphs from two patients. (A) A 28-year-old woman with history of
rapid weight cycling associated with mood disorder. (B) A 45-year-old man with
history of depression and medication-induced weight gain. Abbreviation: IN: Indiana.
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as chips; preplanning meals can reduce impulsive choices. Some clinicians
will ask patients who identify themselves as emotional eaters to record trig-
gers or antecedents to eating certain foods as well as thoughts and feelings
after eating. Adding triggers to a food log may be helpful as counseling pro-
gresses. For many patients, beginning with the physical environment, food
choices, and portion size is most useful.

Although both the dietary recall and food log methods for dietary
assessment are biased by under-reporting (i.e., they should not be used to
count calories), they are extremely useful for identifying diet and lifestyle
patterns. The diet recall is an essential aspect of the initial assessment to

Figure 2 Food log depicting sample diet entries along with triggers and thoughts/
feelings. Food logs are used as a tool to track dietary intake, increase awareness,
understand eating behaviors, improve planning, and enhance restraint.

Dietary Therapy of Obesity 221



shape the direction of the intervention. Food logs are useful for helping
patients identify patterns that need to be changed, to provide accountability
on newly established dietary goals, and to encourage meal planning and
restraint. While almost all patients benefit from recording food logs, many
of them express a love–hate relationship with the process. Patients often
enjoy identifying key eating patterns, but dislike the constant accountability
of recording every bite of food. Furthermore, patients may feel embarrassed
if family or coworkers see them journaling or are able to read the contents.
If this is the case, using a day planner, electronic personal digital assistant
(PDA), or personal journal may help provide more anonymity. Also, reserv-
ing the use of a food log for problem times such as evenings or weekends
may help reduce the perceived burden.

Food logs do not need to be kept forever. Outside of initially identify-
ing patterns and providing accountability, they can be used to work
through a plateau or other difficult times. Overall, explaining food logs as
a tool to develop greater awareness of eating patterns may help convince
skeptics.

THE DIETARY PRESCRIPTION

General Recommendations

As noted in the introduction, weight loss occurs when calories consumed are
less than calories expended, producing a calorie deficit. Typically, a calorie
restriction of 500 to 1000 kcal/day from the habitual diet is recommended to
produce a weight loss of approximately 1 to 2 pounds/week. This often
translates into a diet of 1000 to 1200 kcal/day for most women; and a diet
between 1200 and 1600 kcal/day for men and heavier women (5). Although
several energy expenditure equations are available to more accurately calcu-
late caloric requirements (discussed further), there is little need to employ
them in the early counseling process. Recommendations regarding the
composition of calories has been addressed by the Institute of Medicine
(IOM) report on macronutrients (7). These guidelines recommend an adult
diet that has 45% to 65% of calories from carbohydrates, 20% to 35% from
fat, and 10% to 35% from protein. The guidelines also recommend daily
fiber intake of 38 g (men) and 25 g (women) for persons over 50, and 30 g
(men) and 21 g (women) for those under 50. The IOM report highlights a
very important point when it comes to macronutrients—rather than endor-
sing a fixed ratio of calories from carbohydrates, fat, and protein, we need to
think in terms of safe and acceptable macronutrient ranges. Within these
ranges, however, there is a large body of literature suggesting that reduction
of fat is an effective approach for control of obesity (8,9).

In 2005, the USDA revised their Dietary Guidelines for Americans
based on current evidence-based science (10). The guidelines, which focus
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on health promotion and risk reduction, can be applied to treatment of the
overweight and obese patient as well as keeping in mind the need for total
caloric reduction. The dietary recommendations include maintaining a diet
rich in whole grains, fruits, vegetables, and dietary fiber; consuming two ser-
vings (8 oz) of fish high in omega three fatty acids per week; decreasing
sodium to less than 2300mg per day; consuming three cups of milk (or
equivalent low-fat or fat-free dairy products) per day; limiting cholesterol
to less than 300mg per day, keeping total fat between 20% and 35% of daily
calories, and keeping saturated fats to less than 10% of daily calories.

Disease-Specific Conditions

The primary goal of obesity treatment is to improve obesity-related comorbid
conditions and to reduce the risk of developing future conditions. The deci-
sion as to what extent the patients can be treated aggressively and which diet-
ary method is to be used is determined by the patient’s risk status, their
expectations, and the resources that are available. Intervention studies have
repeatedly shown that a weight loss of 5% to 10% is clinically significant and
leads to improvements in glycemic, lipemic, and hypertensive control.
Beyond caloric restriction, the composition of the prescribed diet will vary
slightly depending on the underlying comorbid condition. For example, the
National Cholesterol Education Program (NCEP), Adult Treatment Panel
(ATP III) and therapeutic lifestyle changes (TLC) diet that emphasizes
restriction in total fat, saturated fat, and cholesterol would be prescribed
for a patient with hyperlipidemia (11). The Dietary Approaches to Stop
Hypertension (DASH) diet emphasizes that increased intake of fruits, low
fat dairy products, nuts, seeds, and dry beans would be selected for patients
with hypertension (12–14). Instruction on these dietary approaches should be
accomplished by referral to a registered dietitian (discussed further).

STRATEGIES FOR DIETARY COUNSELING

Dietary Patterns Approach

While patients respond well to target calories needed for weight loss, calorie
counting is purely quantitative and patients often benefit from qualitative
information on the eating and lifestyle patterns that make it hard for them
to control their weight. Although pattern identification is commonly used in
other areas of medical therapeutics, for example, glucose levels in diabetics
or wheezing in asthmatics, it has not been previously applied to the manage-
ment of obesity. Using a qualitative lifestyle personality patterns approach,
the initial emphasis of treatment is to identify and then provide targeted stra-
tegies to improve weight-gaining lifestyle patterns. To apply this method,
information from the previously taken dietary history is used to define the
patient’s eating habits, attitudes, and behaviors into identifiable patterns.
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For example, if a patient is presented with skipping meals earlier in the day
and consumes the majority of calories at night in front of the television
(nighttime nibbler), the initial intervention would focus on consuming regu-
lar meals, meal timing, and reducing distractions. Alternatively, if a patient
frequents fast food restaurants because of a demanding work schedule (con-
venient diner), the initial intervention would focus on quick grab and go
meals or healthy fast food choices. By tackling one pattern at a time, weight
control is more manageable and remains patient-centered (15). Table 1 illus-
trates common dietary patterns and effective dietary strategies to resolve
these patterns. The lifestyle personality approach has also been applied to
common exercise and coping patterns.

Making Small Substitutions

An important point when counseling patients is to focus on eating favorite
foods but reducing portion sizes or making substitutions where appropriate.
Focus on changing the caloric density of foods as well as the portion size can
reduce calories. Calorie dense foods are easy to overeat and their calories add
up quickly. For example, a one-ounce bag of potato chips contains roughly
double the calories of a piece of fruit, and chips are much easier to overeat
than apples. A 500-kcal deficit can easily be achieved by reducing a 12-inch
sub to a 6-inch sub and changing a 4-ounce bag of chips to a 1-ounce size.
Ultimately, making small substitutions in the types of foods chosen and
trimming portions helps shave calories and produce sustainable changes.

Meal Replacements

Portion sizes have increased by as much as 700% in America since the 1970s
(16). Furthermore, Americans are eating more than ever; we now spend 40%
of our food budget on dining out (17). Many patients admit that while they
choose healthy foods, portion size is a problem and they are often unsure of
what is a normal or reasonable portion size. An increase in meals away from
home also increases calories. A turkey sandwich can vary from 250 to
750 kcal depending on the restaurant, the condiment additions, and the por-
tion size. One of the most effective tools to achieve ideal portions and effec-
tively produce a calorie deficit is incorporation of meal replacements. Meal
replacements are foods that are designed to take the place of a meal while at
the same time providing nutrients and good taste within a known caloric
limit. Patients who replace one or two meals per day often lose more weight
and are more likely to maintain that weight loss than patients who try to
count calories on their own (18). In a meta-analysis of six studies with a
study duration ranging from 3 to 51 months, use of partial meal replace-
ments resulted in a 7% to 8% weight loss (19).

Meal replacements consist of shakes, meal bars, or frozen meals. These
portion and calorie controlled foods typically provide between 200 and
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Table 1 Patterns Approach to Weight Management

Pattern Symptom Behavioral strategies

Meal
skipper

Grazing or no structure to
meals

Establish regular meal and snack times to
reduce overeating

Use tools such as food logs to help identify
hunger and fullness when eating

Plan quick snacks such as meal
replacement bars or shakes if short
on time

Night-time
nibbler

Consuming majority of
calories late in the
evening

Avoid skipping meals
Planned afternoon snacks can reduce
predinner hunger
Add evening activities such as reading,
books on tape, or knitting to substitute
eating

Convenient
diner

Majority of foods are
quick, prepacked
foods away from home

Eat out with a game plan
Develop mental list of quick, healthy
choices at each restaurant
Healthy requests such as ordering
appetizer portion, salads with dressing
on the side or extra veggies keep
calories in check

Fruitless
feaster

Diet adequate with meat
and starch, but low in
fruits and vegetables

Plan to add either fruits or vegetables to
each meal. Veggie soup, salads, and
fruit cups are often available when
eating out

Availability is key; pay for precut,
prewashed fruits and vegetables

Steady
snacker

Constant munching,
hungry or not

Designate snack times and preplan
healthy snacks

Identify behaviors or environments that
foster mindless munching such as
eating in front of TV or standing while
eating

Avoid eating out of the container
Hearty
portioner

Healthy or not, portions
are large and always
finished

Slow down at meals to reduce amount
consumed

Become acquainted with proper portion
size either through meal replacements,
preportioned picnic plates or the
diabetic exchange list

Split or share entrees when eating out
Swing eater The professional dieter who

may eat ‘‘good’’ in public
but ‘‘bad’’ in private

Reduce guilt of eating ‘‘bad’’ foods by
planning small amounts of less healthy
snacks 2 to 3 times/week

(Continued)
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400 kcal.Combinedwith a slice of vegetables and fruit,meal replacements help
to provide a nutritionally balanced meal while reducing total daily calorie
intake. Additional fruits and vegetables are essential to provide adequate
fiber and antioxidants. Patients can select from canned vegetable soups, fresh
or frozen vegetables, as well as fresh, frozen, or canned precut fruits. Overall,
since meal replacements are convenient and reasonably priced, they provide
an effective and healthy option for busy people who make poor food choices
due to time constraints.

Calorie Counting

Many patients benefit from knowing the calorie level goal to consume at each
meal or snack in order to lose weight. Calculating individual caloric needs and
designating a calorie allotment for each meal and snack gives the patient-
specific parameters. For example, a 1500kcal diet may include the following
distribution: breakfast: 300 kcal, lunch: 400 kcal, afternoon snack: 150kcal,
dinner: 500kcal, and evening snack: 150kcal. If a patient enjoys having a lar-
ger dinner, then adjustments can be made accordingly to stay within the total
day’s allowance such as eliminating the evening snack and redistributing
those calories to dinner. If desired, several equations can be used to estimate
specific calorie needs. These include the Harris Benedict equation, the Mifflin
St. Jeor equation, and those of the Institute of Medicine and the World
Health Organization. The equations use the patient’s gender, age, height,
and weight for calculation. To achieve weight loss, approximately 500 to
1000 kcal/day can be subtracted from the calculated energy requirements.
Another rapid method used to approximate these formulas is simply to allow
for 10-kcal/lb/body weight or 22-kcal/kg/body weight (20,21). For example,
a 125-kg patient will need 2750 kcal to maintain weight and therefore would
lose weight by consuming approximately 1750 to 2250kcal/day.

Once a target calorie range has been established, the next step is record-
ing the calorie content of foods consumed on a food log. The traditional
method is to keep a food log with matching calorie values by hand, either
in a journal or on paper. A variety of books, Internet sites, and computer

Table 1 Patterns Approach to Weight Management (Continued )

Pattern Symptom Behavioral strategies

Always choose portion-controlled snacks
such as ice cream cups or snack size
bags of chips

Focus on food satisfaction by adding
heart healthy fats and fiber

Source: From Ref. 15.
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software programs help to estimate calorie content of foods and track
personal progress. Table 2 gives details on a few of the many Internet sites
and software programs that are available for patients when counting calories.

Popular Diets

A current area of intense controversy is the use of low carbohydrate diets for
weight loss. Although the public and media tend to lump all of the low
carbohydrate popular diets into one category, they actually represent a
continuum of carbohydrate percentage levels and differ slightly in theory.
As previously discussed, the Institute of Medicine recommends a diet in
which 45% to 65% of calories come from carbohydrates (8). In contrast,
most of the popular lower carbohydrate diets (Southbeach, Zone, and Sugar
Busters!) recommend a carbohydrate level of approximately 40% to 46%.
The Atkins diet contains 5% to 15% carbohydrates depending on the phase
of the diet. Whereas Atkins believes that all carbohydrates are the primary
cause of obesity and insulin resistance, the other lower carbohydrate diets
place a greater emphasis on choosing low glycemic index foods to reduce
dietary insulin response.

Until recently, the theories and arguments of popular lower carbohy-
drate diet books have relied on poorly controlled, non-peer-reviewed studies
and anecdotes (21). In recent years, several randomized, controlled trials
have demonstrated greater weight loss at six months with improvement in
coronary heart disease risk factors, including an increase in HDL cholesterol
and a decrease in triglyceride levels (22–26). However, weight loss between
groups did not remain statistically significant at one year (22,26). A study
that enrolled patients with diabetes and the metabolic syndrome showed
relative improvements in glycemic control, insulin sensitivity, and dyslipide-
mia in those subjects randomized to the lower carbohydrate diet (26). Since
lower carbohydrate diets are just now being scrutinized with greater scientific
vigor, it is premature to make definitive conclusions regarding their role in
the treatment of obesity and/or the metabolic syndrome. However, conclu-
sions from two comprehensive reviews are pertinent. The executive sum-
mary of a USDA conference on popular diets concluded that diets that
reduce caloric intake result in weight loss regardless of macronutrient com-
position (27). And a systemic review by Bravata et al. (28) concluded that
there is insufficient evidence to make recommendations for or against the
use of low-carbohydrate diets and that participant weight loss was princi-
pally associated with decreased caloric intake and increased diet duration
but not with reduced carbohydrate content.

Very Low Calorie Diets

Very low calorie diets (VLCD) are prescribed as a form of more aggressive
dietary therapy. The primary purpose of prescribing a VLCD is to promote
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a rapid and significant (13–23 kg) short-term weight loss over a three- to six-
month period. These propriety formulas typically supply �800 kcal, 50 to
80 gm protein, and 100% of the RDI for vitamins and minerals. A meta-
analysis found that after a weight loss of �20 kg, individuals significantly
maintained more weight loss than after low calorie diets or weight loss of
<10 kg (29). In contrast, others studies have found no difference in long-
term weight loss between VLCD and low calorie diets (30). According to
a review by the National Task Force on the prevention and treatment of
obesity, indications for initiating a VLCD include well-motivated indivi-
duals who are moderately to severely obese (BMI> 30), have failed at more
conservative approaches to weight loss, and have a medical condition that
would be immediately improved with rapid weight loss (31). Conditions
include poorly controlled type 2 diabetes, hypertriglyceridemia, obstructive
sleep apnea, and symptomatic peripheral edema. The risk for gallstone for-
mation increases exponentially at rates of weight loss above 1.5 kg/week
(32). Prophylaxis against gallstone formation with ursodeoxycholic acid,
600mg/day, is effective in reducing this risk (33). Because of the need for
close metabolic monitoring, these diets are usually prescribed by physicians
specializing in obesity care.

TEAM APPROACH

Optimal treatment for the overweight and obese patient takes place under a
multidisciplinary team of providers including physicians, registered dietitians,
exercise physiologists, and health psychologists. Working together with the
patient, each provider can individualize strategies and allow the patient to
address all issues while maintaining focus on key goals. In the case of a patient
with binge eating disorder, for example, the health psychologist may address
antecedents to the binge, the dietitian may focus on adding scheduled meal
and snack times to decrease the opportunity of a binge, the exercise physiolo-
gist may focus on increasing exercise to regulate mood, while the physician
may explore pharmacotherapy to help regulate mood and food cravings. Pro-
viders can be in the same office or decentralized and still work as a team. Var-
iousmodesof communication suchas email, phone, orwritten correspondence
can provide sufficient interaction. While all patients would benefit from a
team approach not every provider has access to a multidisciplinary team.
Referring to other health care providers can improve quality of care. Consid-
eration for referral to a registered dietitian should be made if a patient needs
specific strategies on how to eat healthy food or has a medical condition such
as diabetes, hypertension, or dyslipidemia and would benefit from medical
nutrition therapy (MNT). A registered dietitian in your area can be found
by contacting the American Dietetic Association at www.eatright.org. Simi-
larly, if a patient has physical pain or a medical condition that limits exercise,
a referral to a physical therapist or exercise physiologist can improve motility
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without exacerbating the condition. A qualified exercise physiologist can be
found by contacting the American College of Sports Medicine (ACSM) at
www.ACSM.org.

CONCLUSION

Dietary therapy is a central component of lifestyle modification. It begins
with a thorough dietary assessment that includes reviewing the weight his-
tory and associated life events, ascertaining the patient’s current dietary pat-
terns by using the typical day recall method or food diaries, and establishing
motivation and readiness to make dietary changes. Several techniques can
be used for dietary counseling including a qualitative lifestyle patterns
approach, making small substitutions, calorie counting, use of meal replace-
ments, or VLCDs. The primary goal is to reduce calorie intake and establish
long-term healthy eating habits. The strategies and counseling methods used
will vary depending on the patient’s needs and abilities. Overall, the best diet
is the one that can be followed for a lifetime.

REFERENCES

1. Hill JO, Wyatt HR, Reed GW, Peters JC. Obesity and the environment: where
do we go from here? Science 2003; 299:853–855.

2. Trends in intake of energy and macronutrients—United States, 1971–2000.
MMWR 2004; 53(4):80–86.

3. Physical activity trends—United States, 1990–1998. MMWR 2004; 50(9):
166–169.

4. American Diabetes Association, American Psychiatric Association, American
Association of Clinical Endocrinologists, and North American Association
for the Study of Obesity. Consensus development conference on antipsychotic
drugs and obesity and diabetes. Obes Res 2004; 12:362–368.

5. National Heart, Lung, and Blood Institute (NHLBI) and North American Asso-
ciation for the Study of Obesity (NAASO). Practical guide to on the identifica-
tion, evaluation, and treatment of overweight and obesity in adults. Bethesda,
MD: National Institutes of Health, NTH Publ number 00–4084, 2000.

6. Rollnick S, Mason P, Butler C. Health Behavior Change: A Guide for Practi-
tioners. London: Churchill Livingstone, 1999.

7. National Research Council. Dietary reference intakes for energy, carbohydrate,
fiber, fat, fatty acids, cholesterol, protein, and amino acids. Washington, DC:
National Academy Press, 2002; 1–936.

8. Bray GA, Popkin BM. Dietary fat intake does affect obesity. Am J Clin Nutr
1998; 68:1157–1173.

9. Astrup A, Grunwald GK, Melanson EL, Saris WH, Hill JO. The role of low-fat
diets in body weight control: a meta-analysis of ad libitum dietary intervention
studies. Int J Obes Relat Metab Disord 2000; 24:1545–1552.

10. U.S. Department of Health and Human Services and U.S. Department of Agri-
culture Dietary Guidelines for Americans, 2005. 6th ed. Washington, D.C.:U.S.

Dietary Therapy of Obesity 231



Government Printing Office, January 2005. (Available at www.health.gov/diet-
aryguidelines/dga2005/document/.)

11. Expert panel on detection, evaluation, and treatment of high blood cholesterol
in adults. Executive summary of the third reports of the National Cholesterol
Education Program (NCEP) expert panel on detection, evaluation, and treat-
ment of high blood cholesterol in adults (Adult Treatment Panel III). JAMA
2001; 285:2486–2497.

12. Appel LJ, Moore TJ, Obarzanek E, et al. DASH Collaborative Research
Group. A clinical trial of the effects of dietary patterns on blood pressure.
N Engl J Med 1997; 336:1117–1124.

13. Sacks FM, Svetkey LP, Vollmer WM, et al. DASH-Sodium Collaborative
ResearchGroup. Effects on blood pressure of reduced dietary sodiumand the diet-
ary approaches to stop hypertension (DASH) diet. N Engl J Med 2001; 344:3–10.

14. Windhauser MM, Ernst DB, Karanja NM, et al. DASH Collaborative Research
Group. Translating the dietary approaches to stop hypertension diet from
research to practice: dietary and behavior change techniques. J Am Diet Assoc
1999; 99:S90–S95.

15. Kushner RF, Nancy N. Dr. Kushner’s Personality Type Diet. New York, NY:
St. Martin’s Griffin Press, 2004.

16. Young LR, Nestle M. The contribution of expanding portion sizes to the US
obesity epidemic. Am J Pub Health 2002; 92(2):246–249.

17. Putnam J, Gerrior S. Trends in the U.S. food supply, 1970–1997. USDA/ERS.
Chapter 7:33–160. (http://www.ers.usda.gov.)

18. Ditschuneit HH, Flechtner-Mors M, Johnson TD, Adler G. Metabolic and
weight loss effects of a long-term dietary intervention in obese patients. Am J
Clin Nutr 1999; 69:198–204.

19. Heymsfield SB, van Mierlo CAJ, van der Knaap HCM, Frier HI. Weight man-
agement using meal replacement strategy: meta and pooling analysis from six
studies. Int J Obes 2003; 27:537–549.

20. Bray GA. Contemporary Diagnosis and Management of Obesity. Pennsylva-
nia: Handbooks in Healthcare Co, 1998.

21. Cheuvront SN. The zone diet phenomenon: a closer look at the science behind
the claims. J Am Coll Nutr 2003; 22:9–17.

22. Foster FD, Wyatt HR, Hill JO, et al. A randomized trial of a low-carbohydrate
diet for obesity. New Engl J Med 2003; 348:2082–2090.

23. YancyWS,OlsenMK,Guyton JR, BakstRP,WestmanEC.A low-carbohydrate,
ketogenic diet versus a low-fat diet to treat obesity andhyperlipidemia.Ann Intern
Med 2004; 140:769–777.

24. Brehm BJ, Seeley RJ, Daniels SR, D’Alessio DA. A randomized trial compar-
ing a very low carbohydrate diet and a calorie-restricted low fat diet on body
weight and cardiovascular risk factors in healthy women. J Clin Endocrinol
Metab 2003; 88:1617–1623.

25. Samaha FF, Iqbal N, Seshadri P, et al. A low-carbohydrate as compared with a
low-fat diet in severe obesity. N Engl J Med 2003; 348:2074–2081.

26. Stern L, Iqbal N, Seshadri P, et al. The effects of low-carbohydrate versus
conventional weight loss diets in severely obese adults: one-year follow-up of
a randomized trial. Ann Intern Med 2004; 140:778–785.

232 Kushner and Doerfler



27. Freedman MR, King J, Kennedy E. Popular diets: a scientific review. Obes Res
2001; 9(suppl 1):1S–40S.

28. Bravata DM, Sanders L, Huang J, et al. Efficacy and safety of low-
carbohydrate diets. A scientific review. JAMA 2003; 289:1837–1850.

29. Anderson JW, Konz EC, Frederich RC, Wood CL. Long-term weight-loss
maintenance: a meta-analysis of US studies. Am J Clin Nutr 2001; 74:579–584.

30. Wadden TA, Osei S. The treatment of obesity: an overview. In: Wadden TA,
Stunkard AJ, eds. Handbook of Obesity Treatment. New York: The Guilford
Press, 2002:229–248.

31. National task force on the prevention and treatment of obesity. Very low-
calorie diets. JAMA 1993; 270:967–997.

32. Weinsier RL, Wilson LJ, Lee J. Medically safe rate of weight loss for the treat-
ment of obesity: a guidelines based on risk of gallstone formation. Am J Med
1995; 98:115–117.

33. Shifman ML, Kaplan GD, Brinkman-Kaplan V, et al. Prophylaxis against gall-
stone formation with urodeoxycholic acid in patients participating in a very-
low-calorie diet program. Ann Intern Med 1995; 122:899–905.

Dietary Therapy of Obesity 233





11

Behavioral Weight Management
of Obese Patients with

Mental Disorders

Susan L. McElroy and Renu Kotwal

Psychopharmacology Research Program, Department of Psychiatry, University of
Cincinnati College of Medicine, Cincinnati, Ohio, U.S.A.

BEHAVIORAL WEIGHT MANAGEMENT IN THE
TREATMENT OF OBESITY

Once viewed primarily as a cosmetic problem due to a personal choice or
character flaw, obesity is now seen as a largely incurable, chronic medical dis-
ease with increased morbidity and mortality that results from a persistent
imbalance between energy intake and energy expenditure and that requires
long-term, if not life-long, management (1–7). In many instances, this imba-
lance is thought to be due to genetic factors (e.g., thrifty genes) adversely
interacting with a ‘‘toxic’’ or ‘‘obesigenic’’ environment (e.g., increased
access to highly palatable, energy dense food and/or reduced access to
physical activity). Behavioral weight management addresses these ‘‘trait-
environment mismatches’’ to bring about lifestyle changes aimed at decreas-
ing energy intake through calorie reduction and increasing energy expenditure
through enhancing physical activity. As such, behavioral weight manage-
ment remains the cornerstone of obesity treatment (1,3,4,8–16).

235



GOALS OF BEHAVIORAL WEIGHT MANAGEMENT IN THE
TREATMENT OF OBESITY

The traditional goal of the treatment of obesity was reduction to ideal body
weight. This goal, however, has changed dramatically in the past decade, such
that several scientific bodies now recommend a 5–15% reduction in initial
body weight (1,2,17,18). This change occurred for several reasons. First, ext-
ensive research indicates that most patients with obesity typically lose only
10–15% of initial body weight with state-of-the-art behavioral treatment.
After six months, weight loss slows down and plateaus. Second, even for
patients who manage to lose a large amount of weight initially, most cannot
maintain the loss over the long term. In one review, Sarwer and Wadden (9)
found that most patients had regained 35–50% of their weight loss by one
year after treatment, regardless of weight loss method used. Wing and Hill
(19) thus proposed defining successful long-term weight loss maintenance as
intentionally losing at least 10% of initial body weight and keeping it off for
at least one year. By this definition, they estimated that 20% of overweight
and obese persons who attempt to lose weight were successful. For patients
who are unable to lose weight or maintain weight loss, prevention of further
weight gain is an appropriate goal.

Third, considerable research shows that small weight losses, on the
order of 5–10% of baseline body weight, are associated with significant health
improvements, including in hypertension, lipoprotein profile, and type 2 dia-
betes (1,20). Many of these improvements persist with maintenance of weight
loss, even if partial weight regain occurs. Moreover, although behavioral
weight management has not yet been shown to reduce the increased morality
associated with obesity, it has been shown to reduce by half the incidence of
type 2 diabetes in persons at high risk (21–25). For example, in the Finnish
Diabetes Prevention Study (DPS), 552 middle-aged, overweight subjects with
impaired glucose tolerance were randomized to usual care or intensive
lifestyle intervention (22,23,25). After a mean follow-up of 3.2 years, weight
reduction was 3.5 kg in the intervention group compared with 0.9 kg in the
usual care group. The risk of diabetes was reduced by 58% (p < 0.001) in
the intervention group compared with the control group. In the Diabetes
Prevention Program (DPP), 3234 nondiabetic persons with elevated fasting
and postload plasma glucose concentrations were randomized to placebo,
metformin (850mg twice daily), or a lifestyle modification program with
the goals of at least a 7% body weight loss and at least 150 minutes of physical
activity per week (21,24,25). After a mean follow-up of 2.8 years, the
incidence of diabetes was 11.0, 7.8, and 4.8 cases per 100 person-years in
the placebo, metformin, and lifestyle groups, respectively. The average
weight loss in the three groups were 0.1, 2.1, and 5.6 kg, respectively. Lifestyle
and metformin were superior to placebo, and lifestyle was superior to
metformin, in reducing diabetes in persons at high risk.

236 McElroy and Kotwal



Behavioral weight management ideally has three goals: decrease in
calorie intake, increase in physical activity, and learning of cognitive beha-
vioral strategies to reinforce positive changes in dietary habits and physical
activity. In this chapter, these three components of behavioral weight
management in persons with obesity without mental illness will be briefly
summarized. Then, research on the use of behavioral weight management
in obese persons with psychotic, mood, and eating disorders will be reviewed.

Dietary Treatment

Calorie reduction is generally considered the most important component of
dietary treatment for weight loss for obesity (1,26). Thus, dietary therapy
for weight loss in obesity usually consists of instructing patients on how to
modify their diet to achieve a decrease in calorie intake. In its 1998 review,
the National Institutes of Health (NIH) found 25 randomized controlled
trials of low calorie diets varying in duration from six months to one year
(1). Compared with controls, low calorie diets produced a mean weight loss
of about 8%. Four studies that included a long-term weight loss maintenance
intervention (ranging 3–4.5 years) found an average weight loss of 4%over the
period. Long-term diets may be more effective, especially if patients are able
to adhere to them. In their 2000 review of the long-term outcome of the diet-
ary treatment of obesity, Ayyad and Andersen (27) found a 15% success rate
among 2131 individuals followed for a median of five years after dietary inter-
ventions that were�3 years in duration. In this review, success was defined as
maintenance of all weight lost or of at least 9–11 kg of initial weight lost.

There is some controversy as to the nature of the calorie reduction that
should occur in dietary therapy for obesity. For example, greater initial
weight loss can be achieved with very low calorie diets (VLCD; <800
calories/day) as compared to low calorie diets (800–l500 calories/day).
However, most studies have shown that at one year there is no difference
in weight loss between the two strategies because of regain of lost weight.
Thus, the NIH guidelines recommend that a moderate reduction in caloric
intake be used to achieve a gradual weight loss (1).

There is also some controversy about the optimal macronutrient
composition of the diet for weight loss and weight maintenance. A recent
review of four randomized controlled trials of low fat diets versus calorie-
restricted diets in overweight or obese subjects found no differences in weight
loss between the two groups at six months, 12 months, or 18 months (28). The
weighted sum of weight loss in the low fat group was 0.1 kg compared with
2.3 kg in the control group. Three recent randomized controlled trials in
obese subjects found greater weight loss with a low carbohydrate diet com-
pared with a calorie- and fat-restricted diet at six months, but not at one year
in the two extended trials (29–33). Most recently, Dansinger et al. (34) com-
pared four popular diets: 160 overweight or obese participants with known
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hypertension, dyslipidemia, or fasting hyperglycemia were randomized to
Atkins, Ornish, Weight Watchers, or Zone Diets for one year (34). There
was a nonsignificant trend toward a higher rate of discontinuation rate for
the more extreme diets (48% for Atkins and 50% for Ornish) than for the
moderate diets (35% for Zone and 35% for Weight Watchers). All four diets
resulted in modest statistically significant weight loss at one year, with no sta-
tistically significant differences between groups. In contrast with the associa-
tion between diet type and weight loss, a strong association was found
between self-reported dietary adherence and weight loss that was almost
identical for each diet. On average, participants in the top percentile of adher-
ence lost 7% of body weight. Cardiac risk factor reductions were associated
with weight loss regardless of diet type. The authors concluded that adher-
ence level rather than diet type was the key determinant of clinical benefit.

The balance of evidence therefore suggests that macronutrient compo-
sition does not seem to play a major role regarding weight loss, as all low
calorie diets (high protein, low carbohydrate, and low fat) produce weight
loss. However, some data suggest diets high in fiber, calcium (especially
from dairy sources), or fruits and vegetables might be associated with lower
body weights (35–37). Also, there are concerns about the long term
(>1 year) safety of low carbohydrate diets since they may be deficient in
important nutrients and fiber and their high saturated fat content may be
atherogenic (38,39). Moreover, an increasing number of studies have
reported beneficial health effects beyond weight loss from long-term use
of diets that are reduced in saturated fats or rich in fruits, vegetables, fish,
legumes, and nuts. As noted earlier, the Finnish DPS Group and the DPP
showed that a reduced fat diet in combination with physical activity in obese
persons with impaired glucose tolerance delayed the onset of type 2 diabetes
(25). The Dietary Approaches to Stop Hypertension (DASH) diet has been
shown to reduce blood pressure in persons with and without hypertension
and the Mediterranean diet has been shown to decrease cardiac mortality
in patients with coronary heart disease (40–43). The DASH diet is high
in fruits, vegetables, and low fat dairy products and reduced in fat; the
Mediterranean diet is rich in fruits, vegetables, fish, legumes, and nuts.

Physical Activity

Physical activity is helpful for achieving weight loss, and may be especially
important for long-term maintenance of weight loss (1,44–46). Correlational
studies have consistently found an association between long-term weight
loss and increased physical activity. In addition, physical activity improves
cardiorespiratory fitness and reduces comorbidities associated with obesity
(1). In a post hoc analysis of the Finnish DPS, participants in the upper
third of change in total leisure time physical activity were 80% less likely
to develop diabetes than those in the lower third (47).
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However, controlled trials have shown the effect of prescribed exercise
for maintenance of weight loss to be modest. Experts have attributed these dis-
parate observations to poor adherence with prescribed exercise, inadequate
duration of exercise, as well as the prescription of too little exercise (44–46).
Indeed, a recent controlled study indicated that higher levels of physical activ-
ity are likely required for maintenance of weight loss for obesity. Jeffrey et al.
(48) randomized 202 overweight men and women to either a standard behavior
therapy (SBT) for obesity incorporating an energy expenditure goal of
1000kcal/wk or to a high physical activity (HPA) treatment in which the
energy expenditure goal was 2500kcal/wk. To help HPA participants achieve
this exercise goal, their treatment included encouragement to recruit one to
three exercise partners into the study, personal counseling from an exercise
coach, and small monetary incentives. HPA group reported obtaining signifi-
cantly higher mean physical activity levels than the SBT group at 6, 12, and
18 months, and displayed significantly greater mean weight losses at 12
(8.5kg vs. 6.1 kg) and 18 months (6.7 kg vs. 4.1 kg) (but not six months).

Of note, physical activity may be divided into two types: programmed
and lifestyle. Programmed exercise consists of regularly scheduled periods
of relatively high intensity activity (e.g., 20–40 minutes of walking, running,
or swimming). Lifestyle activity involves increasing energy expenditure
throughout the day by walking whenever possible instead of riding, taking
elevators or escalators, and not using energy saving devices. Controlled stu-
dies have shown lifestyle activity to be just as effective as programmed activ-
ity in maintaining weight loss and in improving fitness, decreasing blood
pressure, and reduced cholesterol (49,50). Thus, lifestyle activity provides
an alternative for obese persons who do not like or are unable to participate
in more strenuous exercise.

Most obesity treatment guidelines recommend that physical activity
should be an integral part of behavioral treatment programs for weight loss
and weight maintenance (1,17,18). Since many overweight and obese
patients have low exercise tolerance, they should begin with short bouts
of low intensity activity (e.g., walking at a slow pace 10minutes three times
per week) (1,3). NIH guidelines suggest most patients should be encouraged
to gradually increase to 30–45minutes of moderate physical activity 3–5
times per week (1). Progression to 30–60minutes of moderate physical activ-
ity every day may enhance weight loss and weight maintenance (18).

Behavior Modification

The goal of behavioral treatment for obesity is to modify behaviors that
adversely impact psychological and physical health and positively reinforce
changes in diet and physical activity that can produce and maintain weight
loss, or least prevent further weight gain. In addition to education about
reducing calorie intake and increasing physical activity, cognitive-behavioral
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approaches include: self-monitoring of weight, eating habits, and physical
activity; stimulus control training; problem solving; contingency management;
cognitive restructuring; and enlisting social support. Cognitive-behavioral
treatment can also be used to help obese and overweight individuals enhance
their self-esteem, become more assertive in coping with the adverse effects of
the stigma associated with obesity, and to reduce body image dissatisfaction
(15). Behavioral treatments of obesity that have received systematic study
have ranged from self-help and commercialized programs that provide some
instruction about diet and physical activity to specialized cognitive beha-
vioral therapies (CBT) targeted for weight loss and weight maintenance that
incorporate dietary and physical activity components.

Behavioral weight loss programs directly available to consumers
include commercial programs such as Weight Watchers, Jenny Craig, LA
Weight Loss, Nutrisystem, Diet Smart, and eDiets.com, and self-help pro-
grams such as Take Off Pounds Sensibly (TOPS) and Overeaters Anon-
ymous (OA). Weight Watchers, one of the less costly of these programs,
has been shown to be superior to self-help and usual care in two randomized
prospective trials. In the first study, Rippe et al. (51) randomized 80 women
to attend Weight Watchers or usual care. At 12 weeks, attrition rates were
25% and 65%, and participants lost 7.5% and 1.6% of baseline weight, respec-
tively. In the second trial, Heshka et al. (52) randomized 413 subjects without
a history of psychiatric illness to receive free vouchers to attend weekly
Weight Watchers sessions at a location of their choosing over 26 weeks
(the intervention group, n¼ 211) or to receive two brief dietary consultations
with a nutritionist and access to nutrition-oriented educational materials (the
self-help group, n¼ 212). Intent-to-treat analysis showed that the Weight
Watchers group lost significantly more of their initial weight than the self-
help group at one year (5.3% vs. 1.5%), and maintained a significantly greater
weight loss at two years (3.2% vs. 0%; p< 0.001 at both time points). The
Heshka et al. (52) study and other data suggest that self-help programs
(e.g., TOPS and OA) and commercial weight loss programs available over
the internet (e.g., eDiets.com) produce minimal weight loss (53,54).

Comprehensive cognitive behavioral programs (CBPs) for obesity
available to clinicians and patients include the Kelly Brownell LEARN Pro-
gram for Weight Control and Cooper et al.’s (13) Cognitive Behavioral
Treatment of Obesity (8,11). A review of 12 of the more recent largest and
longest CBPs trials, most of which included dietary and/or exercise compo-
nents, found that participants lost an average of 10.4 kg at 5.6 months, with
an average weight loss of 8.1 kg at final follow-up at 17.6 months (16).
Methods of strengthening the effectiveness of the behavioral component
of obesity treatment include lengthening the duration of treatment, daily
weight charting, and increasing the intensity of treatment. For example, a
four-year continuing treatment program administered in Sweden has
produced average weight loss maintenance results of 12.6 and 10.5 kg at
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four years and 10 years follow-up, respectively (55,56). This program
included an initial six-week hospital day treatment that combined behavioral
therapy with a VLCD and cooking and exercise training. The four-year
maintenance program included weekly sessions with advice from dieticians
and monitoring of body weight. Importantly, patients had the opportunity
to re-enroll in hospital day treatment for two weeks for relapse at any time;
99% of participants used this option at least once.

Another means of enhancing the effectiveness of behavioral weight man-
agement may be by increasing its components. In its 1998 review, the NIH eval-
uated 15 studies that compared the combination of dietary therapy and physical
activity with diet alone (n¼ 15) and/or physical activity alone (n¼ 6), and con-
cluded that the combination produced greater weight loss than diet alone or
physical therapy alone (1). In their 2000 review of 17 studies of long-term diet-
ary treatment of obesity, Ayyad and Andersen (27) concluded that diet com-
bined with group therapy produced better long-term success rates (median
27%) than did diet alone (median 15%) or diet combined with behavior mod-
ification (median 14%). Recent studies comparing multiple with single-compo-
nent lifestyle behavioral interventions suggest that multiple-component
interventions may be more effective for achieving health benefits. For example,
the PREMIER clinical trial found that an ‘‘established’’ multicomponent inter-
vention and the established intervention plus the DASH diet significantly
reduced blood pressure and rates of hypertension as compared to ‘‘advice only’’
in a group of patients with above-optimal blood pressure (42). Interventions
included weight loss, sodium reduction, increased physical activity, and limited
alcohol intake. In another study, Djuric et al. (57) randomized 48 breast cancer
survivors to Weight Watchers (subjects received free coupons to attend weekly
meetings), individualized nutritional counseling with a dietician, comprehensive
treatment (Weight Watchers and individualized nutritional counseling), or no
intervention (control group). Subjects in all three intervention groups lost
weight (control—1.1 kg, Weight Watchers—2.7kg, individualized—8.0 kg,
and comprehensive—9.5 kg), but only the individualized and comprehensive
groups had significant losses. Also, subjects in the comprehensive group showed
the most improvement in cholesterol levels and had decreased leptin levels.

Successful Weight Maintenance

Considerable research demonstrates that initial weight loss is much easier to
achieve than is long-term maintenance of weight loss. Much of what is
known about the correlates of successful weight maintenance comes from
the National Weight Control Registry (NWCR), founded in 1994 to study
individuals who have maintained a 30-lb weight loss for at least one year
(19,58,59). As of 2001, the NWCR had over 3000 subjects; 80% were women
and their average age was 45 years. Their average weight loss was 30 kg and
their average duration of weight maintenance was 5.5 years.
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Of the NWCR participants, 89% reported modifying both diet and
exercise to achieve and maintain successful weight loss. Regarding diet, par-
ticipants reported consuming 1381 kcal/day with 24% of calories from fat,
19% from protein, and 56% from carbohydrates. Only 7.6% of registrants
reported eating <90 g of carbohydrate per day and <1% of registrants ate
diets with <24% carbohydrates (1500 calories and �90 g of carbohydrate
per day). Compared with participants with higher carbohydrate intake,
those consuming diets with <24% carbohydrate maintained their weight
loss for less time and were less physically active.

Regarding exercise, 91% reported engaging in regular physical activity
(about 1 hr/day) to lose weight and to maintain weight loss. The most com-
mon physical activity waswalking, reported by 76%of participants. Also, 44%
weighed themselves at least once per day and 31% weighed themselves at least
once per week. Thus, the three most common behavioral factors characteristic
of NWCR participants were eating a low calorie and low fat diet, engaging in
high levels of physical activity, and self-monitoring of bodyweight.

The psychological features of NWCR participants were notable for low
depression scores and low rates of binge eating and vomiting (59). NWCR
participants had an average Center for Epidemiologic Studies Depression
Scale (CES-D) score of 9.2 (range 0–52), with 18% of participants scoring
>16, the cutoff used to determine cases of depression. These findings are
comparable to CES-D scores of 4.1 to 10.4 in nondepressed community
control subjects, with 21% of individuals reporting scores >16. Eight percent
of registrants reported four or more binges/month, and 1.8% reported any
episodes of vomiting in the preceding month for weight loss purposes. Over
90% of participants reported improvement in their overall quality of life, level
of energy, general mood, self-confidence, and mobility. However, 14%
reported worsening in time spent thinking about food and 20% reported
worsening in time spent thinking about weight.

BEHAVIORAL WEIGHT MANAGEMENT OF OBESITY
WITH MENTAL DISORDERS

Although relatively few studies have evaluated behavioral weight treatments
in obese patients with mental disorders, available controlled clinical trial
data suggest such treatments are generally safe and may be effective (at least
over the short term) in obese patients with psychotic and eating disorders.
No controlled clinical trials, however, have yet assessed behavioral weight
treatments in obese patients with mood disorders.

Psychotic Disorders

Increasing evidence indicates that patients with schizophrenia commonly have
abdominal obesity, overweight, and obesity, as well as unhealthy lifestyle
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habits that contribute to weight gain, such as consuming high-fat diets and
engaging in low levels of exercise (60–64). Moreover, many antipsychotics
are associated with weight gain and metabolic abnormalities. Indeed, expert
consensus guidelines aimed at improving the physical health of patients with
schizophrenia have recently been published by the American Psychiatric
Association (APA) and the American Diabetes Association (ADA) (65,66).
For patients with psychotic disorders receiving second generation antipsycho-
tics, these guidelines recommend regular monitoring of body mass index
(BMI), plasma glucose level, and plasma lipid profile. Specific recommenda-
tions made by the APA guidelines include recording the patient’s BMI before
medication initiation or change and at every visit for the first sixmonths there-
after. Subsequently, BMI can be determined quarterly as long as it remains
stable. These guidelines also specify that, unless the patient is underweight,
a weight gain of one BMI unit indicates the need for an intervention. Sug-
gested interventions include closer monitoring of the patient’s weight, a
change in the patient’s antipsychotic medication, the use of an adjunctive
medication to reduce weight, and engagement of the patient in a weight
management program.

Despite the recommendation that weight management programs be
used, relatively few studies have tested such programs in patients with psy-
chotic disorders (67,68). Indeed, dietary therapy has received little empirical
study in psychotic disorders, despite growing evidence indicating that diet-
ary composition may be important in the pathophysiology of these illnesses.
Epidemiologic data has suggested that high dietary intake of refined sugar
and saturated fat may be associated with a poor outcome for persons with
schizophrenia, whereas high intake of fish and seafood may be associated
with a better outcome (69–71). Decreased polyunsaturated fatty acid levels
have been found in the brains and erythrocytes of patients with schizophre-
nia (70,71). Also, placebo-controlled trials have found supplemental eicosa-
pentaenoic acid to be effective in reducing symptoms in patients with
schizophrenia (70,71). Thus, the role of dietary composition in the treatment
of psychosis is an area in great need of exploration.

There are also no controlled trials of exercise in schizophrenia. Pre-
liminary studies conducted to date suggest exercise is safe, may improve
mood, and may be associated with weight loss (72,73). However, these stu-
dies also suggest that adherence with exercise is poor among patients with
schizophrenia unless there is substantial psychosocial support. In one pilot
study, 10 of 20 stable patients with schizophrenia or schizoaffective disorder
treated with olanzapine for at least four weeks were randomized to receive
free access to a Young Men’s Christian Association (YMCA) fitness facility
for six months (73). Nine patients had dropped out at six months and all
nine met criteria for poor attendance. The main reason given for poor atten-
dance was lack of motivation. The mean weight change in the YMCA group
was a gain 2 kg; mean weight change in the other group was not assessed. The
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one patient who completed the program and met criteria for full attendance
lost 15 kg.

Because the core symptoms of schizophrenia—psychosis, apathy, and
cognitive impairment—lead to problems in social and occupational func-
tioning and in self-care, it might be predicted that patients with this illness
and other psychotic disorders would be particularly unresponsive to beha-
vioral weight management (74,75). However, a range of psychosocial treat-
ments have been shown to be effective in patients with schizophrenia when
added to antipsychotic medication. These strategies include CBT, family
intervention, social skills training, teaching illness self-management skills,
and integrated treatment for co-occurring substance misuse (74–78). It is
thus notable that the five controlled trials published to date suggest beha-
vioral weight management may be safe and effective in controlling weight
gain and obesity in some patients psychotic disorders, particularly when
administered in conjunction with some of these psychosocial treatment
strategies.

In the first controlled study, Rotatori et al. (79) randomized 14 chroni-
cally ill psychiatric patients living in a ‘‘semi-independent’’ residential facil-
ity to a 14-week behavioral program that focused on techniques to reduce
calorie intake (n¼ 7) or a waiting list control group (n¼ 7). Both individual
and group reinforcement contingencies were used throughout the behavioral
program. There were no drop outs and the seven patients randomized to
behavioral treatment displayed a mean 7.3 lb weight loss, compared with
a 5.6 lb mean gain in the control group.

Ball et al. (80) evaluated a Weight Watchers Program in 11 outpatients
with schizophrenia or schizoaffective disorder and olanzapine-related weight
gain (baseline mean BMI¼ 31.9). A comparison group of 11 patients
matched on olanzapine use and weight gain continued their usual olanzapine
treatment but did not participate in the program. The program consisted of
10 weekly Weight Watchers meetings held at an outpatient research pro-
gram. In addition, exercise sessions (the primary mode was walking) were
scheduled three times a week. A parent or caregiver was asked to supervise
each patient’s diet and exercise at home. Tokens were used to reinforce
adherence to diet and exercise.

Participants who completed the Weight Watchers program (n¼ 11)
lost more weight (mean¼ 5.1 lb) than comparison group participants
(mean¼ 0.5 lb), but the difference was not statistically significant. However,
there was a significant sex by group by time interaction for BMI (p¼ 0.05).
All seven male participants lost weight (mean¼ 7.3 lb), whereas three of the
four female participants gained weight (mean not reported). No significant
correlation was found between exercise participation and weight loss. Psy-
chiatric rating scales showed that patients remained clinically stable during
the study. Importantly, no adverse events were observed with either the diet
or the exercise program.
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Menza et al. (81) evaluated a 52-week multimodal weight control pro-
gram in 31 patients with schizophrenia (n¼ 20) or schizoaffective disorder
(n¼ 11) receiving antipsychotic medication and participating in two
day-treatment programs. Sixteen patients who were approached declined
to participate. A comparison group consisted of 20 ‘‘usual care’’ patients
who were contemporaneously treated in the same clinics. The weight control
program encorporated nutritional counseling, exercise, and behavioral
modification and consisted of four phases: (i) an assessment phase, (ii) an
intensive 12-week weight control program with group meetings twice per
week and one 15-minute individual session per week, (iii) a 12-week, step-
down, less intensive weight control program with one group meeting per
week and one 15-minute individual session per month, and (iv) a 6-month
weight-maintenance extension program with a group meeting once per week
and one 15-minute individual session per month. Behavioral strategies used
included self-monitoring of eating and physical activity, stress management,
stimulus control, problem solving, and social support. Techniques aimed at
enhancing subjects’ confidence in their ability to cope with obstacles and
succeed in change were employed. Special teaching approaches for people
with cognitive deficits, such as repetition, homework, and the use of visual
materials, were also used throughout the program.

Twenty-seven (87.1%) of the 31 patients in the intervention group com-
pleted the 12-week intensive program and lost a mean of 2.7 kg and a mean
of 1.0 BMI units, compared with a mean gain of 2.9 kg and 1.2 BMI units in
the control group. Twenty (64.5%) patients completed the entire 52-week
program. Statistically significant prepost improvements in weight, BMI,
glycolated hemoglobin, diastolic and systolic blood pressure, exercise level,
nutrition knowledge, and stages of change (for exercise and weight) were
seen in the intervention group. Weight and BMI also decreased significantly
in the intervention group compared with the ‘‘usual care’’ group, who
gained weight. The authors concluded that individuals with schizophrenia
and schizoaffective disorder were willing to attend, and benefited from, a
weight control program that focused on nutrition, exercise, and behavioral
modification.

Brar et al. (68) conducted a 14-week multicenter, open-label, rando-
mized study comparing group-based behavioral therapy for weight loss with
usual care in stable patients with schizophrenia or schizoaffective disorder.
Patients had been treated with risperidone for six weeks after being switched
from olanzapine and had BMIs >26. (After switching to risperidone,
patients showed no weight loss.) Behavior therapy included 20 sessions over
the 14-week period and focused on learning healthy eating habits. There was
no exercise component. Members of the usual care group were encouraged
to lose weight on their own only without specific instructions, but received
monthly anthropometric assessments. Of 70 patients randomized, 50 (71.4%)
completed the program. Both groups lost weight but the between group
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difference was not statistically significant (�2.0 kg vs. �1.1 kg for behavior
therapy and usual care, respectively). However, there was a trend for more
patients in the behavior therapy group than in the usual care group to have
lost �5% of their body weight at endpoint (26.5% vs. 10.8%). Moreover,
post hoc analysis of patients attending at least one behavior therapy session
showed that significantly more patients in the behavior therapy than the
usual care group had lost �5% of their body weight at endpoint (32.1% vs.
10.8%) and at week 14 (40.9% vs. 14.3%).

The fifth controlled trial was conducted to determine if behavioral
weight management could prevent psychotropic-associated weight gain.
Littrell et al. (82) randomized 70 patients with schizophrenia or schizoaf-
fective disorder into an intervention group (22 males, 13 females) using
Eli Lilly’s ‘‘Solutions for Wellness’’ program or a standard of care control
group. All patients began olanzapine at the onset of the study, and body
weights were recorded monthly over six months. The intervention group
received one-hour weekly seminars over 16 weeks related to dietary guide-
lines, developing support systems, and education about exercise. Patients in
the intervention group showed no significant weight changes at four or six
months (0.8 or �0.1 lb, respectively), whereas weight gain was seen in the
control group (7.1 and 9.6 lb at four and six months, respectively). This
study is important because behavioral weight management may be more
effective for preventing psychotropic-associated weight gain than for rever-
sing it once it has developed, though this has not yet been systematically
shown.

Mood Disorders

Patients with mood disorders commonly have obesity, and obese patients
seeking weight management commonly have mood disorders (83). However,
as noted, we found no prospective study that evaluated behavioral weight
management in obese patients with syndromal mood disorders, including
in patients whose mood disorders were stabilized by antidepressants or
mood stabilizers. Indeed, current obesity treatment guidelines generally
recommend treating mood disorder before obesity when the two conditions
co-occur, and do not provide recommendations regarding behavioral weight
management for obese patients with treated mood disorders desiring weight
loss (1). Early studies of weight-reduction interventions, in which patients
generally were not screened for mental disorders, reported a relatively high
rate of mood disturbances, ranging from mild depressive and anxiety symp-
toms to syndromal depression, completed suicides, and psychoses (84). By
contrast, subsequent studies of behavioral weight loss therapy, in which
patients with significant psychopathology were usually excluded but often
had mild depressive symptoms, generally found that such treatments were
associated with improvement in mood (usually assessed with self-report
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measures such as the Beck Depression Inventory) as patients lost weight
(85,86).

Of note, many studies have examined the relationship between depres-
sive symptoms (which have usually been mild) and adherence to behavioral
weight treatment; the results of these studies have been mixed, with reports of
either no relationship or a negative relationship (i.e., greater depressive
symptoms were associated with less adherence) (85–89). We found only
two studies that examined the effects of mood disorder diagnosis (as opposed
to depressive symptoms) on weight loss treatment and maintenance. In the
first study, Marcus et al. (90) evaluated 61 obese subjects with type 2 diabetes
with the Inventory to Diagnose Depression—Lifetime Version before a
52-week behavioral weight-control program. Thirty-two percent of subjects
reported a history of major depression. Subjects with and without a history
of major depression showed comparable improvements in weight, glycemic
control, and mood, but those with major depression showed a significantly
higher rate of attrition (52.4% vs. 22.2%, p¼ 0.03). In the second study,
Jenkins et al. (91) evaluated 39 obese breast cancer survivors during and
six months after 24 months of individualized counseling for diet and exercise.
Nine subjects had major depressive disorder and 10 had definable disorders
of lesser severity (eight had adjustment disorders with depressive, anxious, or
mixed depressive–anxious symptoms). Subjects with psychiatric disorders
had significantly less weight loss at both the 12-month and the 6-month
follow-up (30 month) time-points compared with subjects with no psychiatric
disorders (6.3% vs. 12.6% and 1.2% vs. 7.8%, respectively). At the 6-month
follow-up, women with major depression showed less weight loss (0.7%) than
those with less severe definable disorders (3.7%). Moreover, the pattern of
regain was different depending on presence of psychiatric diagnosis. The
10 women without diagnoses started regaining weight after 12 months,
whereas the 19 women with any diagnoses started regaining weight after
six months. Attrition rates were similar in subjects with and without diag-
noses. Although further research is needed, these two studies suggest that
obese patients with mood disorders may either adhere less well or respond
less adequately to behavioral weight management than those without mood
disorders.

Dietary therapy has also received very little study in mood disorders,
despite preliminary data suggesting that dietary composition may affect mood
(92). As with schizophrenia, polyunsaturated fats have been hypothesized to
play an important role in the etiology of both depressive and bipolar disor-
ders. Epidemiologic evidence suggests low fish consumption may be asso-
ciated with increased risk of developing mood disorders and depressive
symptoms (in some studies, this finding is evident in women but not men)
(93,94). Cell membrane levels of n�3 polyunsaturated fats have been reported
to be decreased in persons with major depression (70). Three double-blind,
placebo-controlled studies showed omega-3 supplements to be effective
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adjunctive treatments for antidepressant-resistant major depression, and one
double-blind, placebo-controlled trial showed such supplements improved
depressive symptoms in treatment resistant bipolar disorder (70,95).

Moreover, dieting has been hypothesized to alter brain serotonin func-
tion by lowering plasma tryptophan levels. Thus, dieting has been shown to
increase the prolactin response to tryptophan and D-fenfluramine in women,
but not men, and to induce serotonin 2C receptor supersensitivity in women
(96–99). In one of the few studies evaluating the effect of diet on persons
with mood disorders that we were able to locate, Smith et al. (100) evaluated
brain serotonin function and mood during short-term (three-week) dieting
in women with a history of at least one episode of DSM-IV major depres-
sion who were fully recovered and medication free for at least six months.
Specifically, 19 women with a past major depressive episode and 23 women
with no history of major depression were placed on a daily 1000 kcal diet for
three weeks. Fasting plasma tryptophan levels, prolactin response to an
intravenous trytophan challenge, and mood ratings were evaluated before
the diet and in the final week of the diet. A similar proportion of recovered
(61%) and control (58%) subjects completed the three-week protocol;
although the recovered subjects tended to weigh more, the two groups
achieved similar weight loss. Plasma trytophan levels fell equivalently in both
groups after dieting. Dieting increased the prolactin response to tryptophan
in the women without a history of depression but this increase did not occur
in the women with a history of depression. Mood ratings showed a significant
reduction in happy scores in the recovered group relative to controls, though
there were no differences on ratings of sad or irritable mood between the
groups. The authors concluded that women with a history of major depres-
sion, but not those without depression, showed impaired regulation of brain
serotonin function in response to dieting.

In contrast to behavioral weight management and dietary therapy,
CBT and exercise have received more extensive study in patients with
depressive disorders, but most studies did not use weight as an outcome
(101–103). CBT, but not exercise, has also received some empirical study
in bipolar disorder. In depressive disorders, CBT has been shown to be
effective as monotherapy for mild-to-moderate depression and in combina-
tion with pharmacotherapy for moderate-to-severe depression (101,104). In
bipolar disorder, CBT has been shown to enhance compliance with pharma-
cotherapy, to decrease interepisode depressive symptoms, and to reduce
relapse (105,106).

Regarding exercise in depression, in 2001, Lawlor and Hopker (102)
conducted a meta-analysis of 14 randomized controlled trials of exercise in
clinically depressed patients and concluded that exercise was more effective
than no treatment and comparable to CBT in reducing depressive symptoms.
However, they noted that all 14 studies had important methodological
weaknesses and, because of these weaknesses, also concluded that the
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effectiveness of exercise in depression could not be adequately determined.
Dunn et al. (107) recently completed a study addressing many of the limita-
tions of these earlier trials. They randomized 80 adults ages 20–45 years with
mild to moderate major depressive disorder by DSM-IV criteria to one of
four aerobic exercise groups or exercise placebo control (three days per week
of flexibility exercise). The four exercise groups varied total energy expendi-
ture (7.0 or 17.5 kcal/kg/wk) and exercise frequency (3 or 5 day/wk). The
17.5 kcal/kg/wk amount of exercise of week corresponded to the ‘‘public
health dose,’’ whereas the 7.0 kcal/kg/wk represented the ‘‘low dose.’’ The
primary outcome was change in depressive symptoms as determined by the
Hamilton Rating Scale for Depression (Ham-D). Participants randomized
to the public health dose (17.5 kcal/kg/wk), but not the low dose
(7.0 kcal/kg/wk), of aerobic exercise showed a significant reduction in
depressive symptoms as compared to the placebo group. Ham-D scores were
decreased 47% from baseline for the public health dose compared with 30%
for the low dose and 25% for placebo. There was no main effect of exercise
frequency at 12 weeks. Thus, as with exercise for weight loss, exercise may
also have a dose–response relationship for depressive symptoms for major
depressive disorder.

In sum, the lack of studies of behavioral weight management in obese
persons with mood disorders makes it difficult to provide specific guidelines
for such treatment in such patients at this time. Research showing that CBT
is effective for both depressive and bipolar disorders, along with findings
that exercise may benefit major depression, suggests that incorporation of
components of behavioral weight management into CBT for persons with
depressive or bipolar disorders might prove an effective method for mana-
ging both the mood disorder and the associated problems with overeating,
weight gain, inactivity, and obesity. However, these strategies need to be
formally studied before specific recommendations can be made.

Eating Disorders with Obesity

It is increasingly apparent that certain eating disorders are associated with
overweight and obesity. These include binge eating disorder (BED), bulimia
nervosa (especially the nonpurging variant), subthreshold forms of these dis-
orders (often called obesity with binge eating), and night eating syndrome
(108–111). Although generally viewed as separate diagnostic entities, all of
these syndromes are characterized by dyscontrol over eating. Because of
early concerns that dieting (or restrictive eating) might induce eating disor-
ders and even obesity in some persons by triggering disinhibition over eat-
ing, a comprehensive review evaluating the relationship among dieting,
weight loss treatment, weight cycling, and eating disorders in overweight
and obese adults was published in 2000 by the National Task Force on
the Prevention and Treatment of Obesity (112). The review concluded that
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moderate calorie restriction in combination with behavioral weight loss
treatment did not seem to cause binge eating in persons without pre-existing
binge eating, and might ameliorate binge eating in those with binge eating
before treatment.

A recent controlled study conducted by Wadden et al. (113) provided
some support for these conclusions. They randomly assigned 123 obese
women without eating or mood disorders to one of three diets for 40 weeks
and prospectively assessed their eating behavior and mood. The three diets
were: (i) a 1000 kcal/day diet that included four servings/day of a liquid
meal replacement (MR), (ii) a 1200–1500 kcal/day balanced deficit diet
(BDD) of conventional foods, or (iii) a nondieting (ND) approach that dis-
couraged energy restriction. All women attended weekly group sessions for
20 weeks and biweekly sessions for 40 weeks. At week 20, participants in the
MR, BDD, and ND groups lost 12.1%, 7.8%, and 0.1% of initial weight
(p< 0.001). There were no significant differences among the groups in the
number of persons who had objective binge eating episodes and symptoms
of depression decreased more in the MR and BDD groups than in the ND
group. At week 28, significantly more cases of binge eating were observed in
the MR group than in the other two groups (p< 0.003). However, no differ-
ences were observed between groups at weeks 40 or 65, and no participant
met criteria for BED at any time. In addition, women in all three groups
displayed decreases in hunger and dietary disinhibition and women who
received the MR and BDD reported significantly greater reductions in
depressive symptoms than women in the ND group.

Moreover, emerging data suggests behavioral weight treatments may
be helpful for weight loss in obese patients with binge eating or BED, at
least over the short term. For example, at least seven studies have exam-
ined VLCDs in obese patients with and without binge eating behavior or
BED (114). Taken together, these studies showed that the presence of
binge eating did not reduce the effectiveness of VLCD programs for
weight loss. Obese patients with and without binge eating lost approxi-
mately 20 kg during the dieting program and maintained the weight loss
at six months. Most studies also found that BED patients were just as
likely to adhere to VLCD programs as were non-BED patients. Two
recent studies showed that VLCDs were also associated with significant
reductions in binge eating (115,116). However, similar to non-BED sub-
jects, BED subjects regained approximately three-fourths of lost weight
at one-year follow-up.

No studies have examined the efficacy of a specialized diet (e.g., low
carbohydrate) in obese patients with binge eating behavior or BED. Latner
and Wilson (117) conducted a controlled two-week trial of dietary supple-
mentation in 18 women with BED or bulimia nervosa (BN), and found that
supplementation with protein was significantly more satiating and more
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effective in reducing binge eating than supplementation with carbohydrate.
Weight gain occurred during both phases, but greater weight gain occurred
with carbohydrate (1.1 kg) than protein supplementation (0.3 kg). Although
the authors noted the preliminary nature of their findings and the need for
further research, they suggested that increasing the level of protein in the
diet of patients with BED and BN may help reduce their binge eating in par-
ticular and stabilize their eating patterns in general.

Specialized psychotherapies have received some empirical study in
obese or overweight patients with BED or binge eating. The goal of CBT
in BED is to modify binge-eating behavior with behavioral self-management
strategies. The goal of interpersonal therapy (IPT) is to reduce binge eating
by reducing interpersonal dysfunction and managing affective dysregula-
tion. CBT and IPT have each been shown to be effective in reducing binge
eating, both acutely and for up to 12 months (114,118,119). However, both
modalities have been less effective for achieving and maintaining weight
loss, although patients who achieve remission in binge eating may experi-
ence modest weight loss. For example, in a comparison study of CBT and
IPT, after 20 weekly sessions, patients whose binge eating was in remission
lost weight (mean BMI�0.5), whereas those who continued to binge gained
weight (mean BMI þ0.4). At 12-month follow-up, patients still in remission
continued to lose weight (mean BMI�1.0), whereas those no longer in
remission gained weight [mean BMI þ0.7 (p¼ 0.01)]. Nonetheless, studies
comparing CBT with behavioral weight loss treatment in obese patients with
BED have generally found that behavioral weight loss is associated with
greater weight loss whereas CBT is associated with greater reductions in
binge eating (120,121).

Dialectical behavioral therapy (DBT) has also been reported to reduce
binge eating in BED. As with CBT and IPT, it appears to be less effective for
weight loss. In the only controlled study of DBT in BED, patients achieved
an average 2.5-lb weight loss after 20 weeks, compared with an average
0.6-lb weight gain in the control group (122). This difference was not signif-
icant, and data on weight loss maintenance were not provided.

Several studies have evaluated combinations of components of beha-
vioral weight management with specialized therapies in obese patients with
BED. Two of three trials exploring exercise suggested it may be an effective
adjunct for both weight loss and binge eating (123–125). In the first positive
study, Pendleton et al. (124) randomized 114 obese women with BED to one
of four groups: CBT with exercise and maintenance, CBT with exercise,
CBT with maintenance, and CBT only. The CBT component consisted of
weekly sessions for four months; the exercise condition included instruction
and membership to a fitness center where attendance was recorded; and the
maintenance component consisted of 12 biweekly meetings over six months
that continued the initial treatment. Eighty-four (71.2%) women completed
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the study and were evaluated at 16-month follow-up. Subjects who received
CBT with exercise showed significant reductions in BMI and binge eating
frequency compared with subjects who received CBT only at four months
and at the 16-month follow-up. The CBT with exercise and maintenance
group had a 58% binge eating remission rate and an average reduction of
2.2 BMI units at the end of the study. BMI was also significantly reduced
in the maintenance conditions. The authors concluded that adding exercise
to CBT, and extending the duration of treatment, enhanced outcome by
reducing both binge eating and BMI.

In the second positive study, Fossati et al. (125) compared CBT com-
bined with a nutritional and physical activity program with CBT alone and
CBT with a nutritional program for 12 weeks in 61 obese patients with
BED. The nutritional program was focused primarily on fat restriction.
The mean weight loss was greater after CBT with nutritional counseling
and physical activity (2.8 kg; p< 0.001) than after CBT alone (0.3 kg) and
after CBT plus nutritional counseling (1.5 kg; p< 0.01). There was no weight
loss in the CBT alone group. Depression and eating disorder scores
decreased in all three groups, but anxiety scores decreased only in the triple
therapy group.

However, the combination of CBT and dietary therapy has not been
shown to change the waist-to-hip (WHR) and hypothalamic pituitary adre-
nal axis abnormalities seen in BED with obesity. Gluck et al. (126) com-
pared WHR and cortisol stress responsivity after a cold pressor test
(CPT) in 22 obese (BMI> 27) women with and without BED. Although
BMI and WHR did not differ between the groups, the BED group
(n¼ 11) had higher morning basal cortisol and greater area-under-the-curve
(AUC) cortisol after CPT, after controlling for insulin, than the non-BED
group. In the BED group (n¼ 11), WHR was related to AUC cortisol
and peak cortisol stress responsivity. Ten BED and 10 non-BED patients
were randomized to six weeks of CBT and diet or a wait list control. There
were no posttreatment differences in the BED group in WHR, morning
basal cortisol, or AUC cortisol and the relationships between WHR and
both AUC cortisol and peak cortisol stress responsivity remained signifi-
cant. The authors concluded that BED was associated with HPA hyperac-
tivity that might be related to abdominal obesity and was unresponsive to
treatment with CBT and diet.

In sum, available research suggests behavioral weight management is
as effective for obese persons with BED as it is for those without BED.
There is no evidence binge eating is worsened with such treatment; if any-
thing, binge eating tends to decrease. As with behavioral weight treatment
in obese persons without binge eating, however, short-term weight loss is
easier to achieve than is the maintenance of long-term weight loss. Exercise
may be a promising adjunct for both weight loss and binge eating in obese
patients with BED.
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INTRODUCTION

The purpose of this chapter is to review the data supporting the safety and
efficacy of appetite suppressants, lipase inhibitors, anticonvulsants, antide-
pressants, and other agents in the treatment of obesity. There are currently
two approved medications for long-term obesity management, although it is
not unusual in clinical practice for medications to be prescribed ‘‘off label’’
to achieve weight loss. Furthermore, an intensive effort is underway by
many pharmaceutical companies to bring more agents to market against a
growing epidemic of obesity and its comorbidities, particularly type 2
diabetes. The noradrenergic drugs phentermine, diethylpropion, benzpheta-
mine, and phendimetrazine are approved only for short-term use. Sibutra-
mine, a norepinephrine–serotonin reuptake inhibitor, is approved for
long-term use. Also approved for long-term use is orlistat, which inhibits
pancreatic lipase and can block hydrolysis of 30% of the dietary triglyceride
in subjects eating a 30% fat diet. A growing trend is the use of antidepres-
sants and anticonvulsants (bupropion, topiramate, and zonisamide) for
weight management and the review will cover the evidence supporting their
weight loss effects. Several newer drugs (rimonibant, axokine) in clinical
trials investigation will also be discussed. Despite limitations in the number
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and efficacy of current medications, the future prospects for obesity pharma-
cotherapy are optimistic.

Medicating for treatment of obesity can be a useful adjunct to diet and
exercise and can help selected patients achieve and maintain meaningful
weight loss. A report from the National Heart, Lung and Blood Institute
of the NIH entitled Clinical Guidelines on the Identification, Evaluation,
and Treatment of Overweight and Obesity in Adult—The Evidence Report
emphasizes the need for physicians to address obesity in their patients (1).
The Guidelines sanction the clinical use of weight loss drugs approved by
the food and drug administration (FDA) for long-term use as part of a
concomitant lifestyle modification program. Currently, this would include
only sibutramine (trade-named Meridia or Reductil) or orlistat (Xenical).
According to the Guidelines, medications are appropriate for those patients
who have been unsuccessful in previous weight loss attempts and whose
body mass index (BMI) exceeds 27 kg/m2 who have associated conditions
such as diabetes, hypertension, or dyslipidemia, or whose BMI exceeds
30 kg/m2. Still, for many physicians, treatment of obesity is not a routine
part of their clinical practices, and the majority of medications prescribed
for weight loss are not those recommended as superior choices by the
guidelines.

Drug treatment for obesity has been tarnished by a number of unfor-
tunate problems (2). Since the introduction of thyroid hormone to treat obe-
sity in 1893, almost every drug that has been tried in obese patients has led
to undesirable outcomes that have resulted in their termination. Thus, cau-
tion must be used in accepting any new drugs for treatment of obesity,
unless the safety profile would make it acceptable for almost everyone.
The most recent medical disaster was the reports of valvular heart disease
associated with the use of fenfluramine and dexfenfluramine (3–5). These
drugs are potent releasers of serotonin and are associated with heart valve
damage similar to that seen in carcinoid syndrome. Thankfully, the extent
of the problem has not proven to be as great as first suspected (4,5). It is
now recognized that risk for valvulopathy associated with fenfluramine is
associated with duration of exposure to the medication and that the lesions
are likely to remit off medication (4–7). The finding, however, will add cau-
tion when any future drugs are marketed to treat obesity and will provide
support for those who believe drug treatment of obesity is inappropriate
and risky.

Another issue to be considered is the way that all weight loss medica-
tions have been viewed as having the addictive properties of amphetamine
(8). Abuse of either phentermine or diethylpropion is rare and sibutramine
has evidence of abuse potential (2,9).

Another misconception about drug treatment of obesity is that the
drugs are ineffective because weight regain occurs when drug treatment is
stopped (10). Surgeries for obesity such as gastric bypass and gastric banding
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have been demonstrated in one large registry study to produce >16% weight
loss from baseline that is sustained for up to 10 years from baseline (11,12).
As long as the treatment is enforced (the surgical band in place and the
restrictive and malabsorptive modifications to gastrointestinal architecture
unchanged) weight loss will be maintained. If the surgery is reversed, weight
regain occurs. As clinicians, we do not expect to cure such diseases as hyper-
tension or hypercholesterolemia with medications. Rather, we expect to
palliate them. When the medications for any of these diseases are discontin-
ued, we expect the disease to recur. This means that medications only work
when used. Of the currently available medications used for weight manage-
ment, a chronic approach to treatment is required.

Two final misconceptions must be addressed regarding pharmaco-
therapy for obesity. A weight loss of less than 15% is considered unsatisfac-
tory by most obese patients (12). Yet the reality is that none of our current
treatment approaches, except gastric bypass, produce a consistent weight
loss of >15% for the average patient (13). When weight loss plateaus at a
level above their desired cosmetic goal, patients usually stop medications.
Patients seem to want to take medications to lose weight, but do not seem
willing to take medications to maintain modest weight losses.

Last to consider is the lack of appreciation for the meaningful health
benefits produced by sustained weight loss, even though only 5% to 10% from
baseline. Loss of 5% to 10% in the obese can translate into improvement in gly-
cemic control, [important, considering the epidemic of diabetes (14)] improve-
ment in blood pressure and hypertension control, and improvements in lipid
profile, insymptomsof sleepapnea,arthritis,andothercomorbidconditions(1).
Furthermore, modest weight loss can translate into reduction in morbidity.
Weight loss of 7% from baseline produced a 58% reduction in risk for devel-
oping type 2 diabetes over two to five years in individuals with impaired
glucose tolerance (15). Similar diabetes risk reduction with modest weight loss
has been demonstrated in the Finnish Diabetes Prevention Program (16).

Physicians must be cognizant of these misconceptions; they are bar-
riers to success. It is against these limitations that the review examines medi-
cations currently in use for obesity management in primary care practice
settings. Table 1 describes the medications that will be discussed.

DRUGS APPROVED BY THE FDA WITH AN INDICATION
FOR WEIGHT MANAGEMENT

There are only two agents currently available with FDA approval and an
obesity indication for long term use—orlistat and sibutramine. Some older
agents are still available in the United States and approved for short-term
use, i.e., ‘‘a few weeks.’’ Those older agents include diethylpropion, phenter-
mine, benzphetamine, and phendimetrizme.
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Phentermine, Diethylpropion, Benzphetamine,
Phendimetrazine, and Mazindol

This group of agents have been available in the U.S. market for more than
30 years. The published clinical data supporting their safety and efficacy
consists of a few studies, each enrolling a few patients and most studies
are of short duration. Only a handful of clinical trials for this group equals
or exceeds 24 weeks duration. By far, phentermine is the most popular drug
in this group and the others are not widely available. Phentermine is the
most frequently prescribed weight loss agent in the United States, probably
because it is inexpensive, since it is no longer protected by patent.

The best and one of the longest of the clinical trials reporting phenter-
mine’s weight loss efficacy lasted 36 weeks and compared placebo treatment
against continuous phentermine or intermittent phentermine (Fig. 1) (17).
The intermittent regimen was four weeks of phentermine 15mg/day
followed by four weeks of placebo. This was compared to continuous phen-
termine at 15mg/day or placebo. Both continuous and intermittent phenter-
mine therapy produced more weight loss than did placebo. In the drug-free

Table 1 Drugs Approved by the FDA for Treatment of Obesity

Drug Trade names Dosage DBA schedule

Pancreatic lipase inhibitor approved for long-term use
Orlistat Xenical 120mg tid before meals –
Norepinephrine serotonin reuptake inhibitor approved for long-term use
Sibutramine Meridia 5–15mg/day IV

Reductil
Noradrenergic drugs approved for short-term use
Diethylpropion Tenuate 25mg tid IV
Phentermine Adipex-P 15–37.5mg/day IV

Ionamin slow
release

15–30mg/day

Benzphetamine Didrex 25–50mg tid III
Phendimetrazine Bontril 17.5–70mg tid III

Prelu-2
Medications used off-label for weight management
Topiramate Topamax 50–200mg/day –
Zonisamide Zonegran 400–600mg/day –
Fluoxetinea Prozac 60mg/day –

Sarafem
Bupropion Wellbutrin 400mg/day –
Venlafaxine Effexor 75–225mg/day –

aWeight loss efficacy is only demonstrated for a few weeks and then weight regain occurs on

fluoxetine.

Abbreviation: FDA, food and drug administration.
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periods the patients treated intermittently slowed their weight loss only to
lose more rapidly when the drug was reinstituted. As can be observed in
Figure 1, intermittent phentermine produced comparable weight loss to
continuous phentermine.

Phentermine and diethylpropion are classified by the U.S. Drug
Enforcement Agency as schedule IV drugs, and benzphetamine and phendi-
metrazine as schedule III drugs, although states may schedule these agents
differently. This regulatory classification indicates the government’s belief
that they have the potential for abuse, although this potential appears to
be very low. Phentermine and diethylpropion are only approved for a
‘‘few weeks’’ use, which is usually interpreted as up to 12 weeks. Weight loss
with phentermine and diethylpropion persists for the duration of treatment,
suggesting that tolerance does not develop to these drugs. If tolerance were
to develop, the drugs would be expected to lose their effectiveness or require
increased amounts of drug for patients to maintain weight loss. This does
not occur. Phentermine is not available in Europe. A review in a prestigious
journal recommends obtaining written informed consent if phentermine is
prescribed for longer than 12 weeks, because this is off-label usage and there
are not sufficient published reports on the use of phentermine for long-term
use (18).

Figure 1 Comparison of weight loss with continuous and intermittent therapy using
phentermine. Overweight patients were randomized to receive either placebo or one
of two dosing-regimens with phentermine. One regimen provided 15mg/day each
morning for nine months and the other provided 15mg/day for one month and then
a month of no treatment. Source: From Ref. 17.
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The side effect profile for sympathomimetic drugs is similar (1). They
produce insomnia, dry mouth, asthenia, and constipation. Sympathomi-
metic drugs can also increase blood pressure.

Sibutramine (Meridia1, Reductil in Europe)

In contrast to the older sympathomimetic drugs in Table 1, sibutramine has
been extensively evaluated in several large-scale multicenter trials lasting
6 to 24 months conducted in men and women of all ethnic groups with ages
ranging from 18 to 65 years and with a BMI between 27 and 40 kg/m2. Sibu-
tramine’s clinical research history has been recently reviewed (19).

There is a dose–response effect with sibutramine. In a six-month dose-
ranging study of 1047 patients, 67% of sibutramine treated patients achieved
a 5% weight loss and 35% lost 10% or more. Data from this multicenter trial
are shown in Figure 2 (20,21). There is a clear dose–response in this 24-week
trial, and regain of weight occurred when the drug was stopped, indicating
that the drug remained effective when used.

In another interesting study by virtue of the magnitude of weight
lost, patients who initially lost weight eating a very low calorie diet were

Figure 2 Dose-related weight loss with sibutramine. A total of 1047 patients were
randomly assigned to receive placebo or one of six doses of sibutramine in a double-
blind fashion for six months. By the end of the trial of sibutramine treated patients,
weight loss had plateaued for most doses. When the drug was discontinued at six
months, weight was regained, indicating that the drug remained effective during
treatment. Source: From Ref. 35.
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randomized to sibutramine 10mg/day or placebo, and behavioral program.
Sibutramine produced additional weight loss (�16% from baseline at 1
year), whereas the placebo-treated patients regained weight (22). These
results indicate that the response to sibutramine is dependent on the inten-
sity of the behavioral approaches that are used with sibutramine. By com-
bining a very low calorie diet and intensive behavioral therapy along with
sibutramine, the total weight loss at one year was quite impressive.

A number of observations about sibutramine can be drawn from the
Sibutramine Trial of Obesity Reduction and Maintenance (STORM Trial),
but the effects of sibutramine in aiding weight maintenance are the most per-
suasive aspect of the trial (23). Seven centers participated in this trial where
605 patients were initially enrolled in an open-label fashion and treated
with 10mg/day of sibutramine for six months (Fig. 3). Those patients
who lost more than 5% (and 77% of enrolled patients met this goal) were
then randomized, two-thirds to sibutramine and one-third to placebo.
During the 18-month double-blind portion of the trial, the placebo-treated
patients steadily regained weight, maintaining only 20% of their weight loss
at the end of the trial. In contrast, the subjects treated with sibutramine
maintained their weight for 12 months and then regained an average of only
2 kg, thus maintaining 80% of their initial weight loss after two years (24).
In spite of the difference in weight at the end of the 18 months of controlled
observation, the mean blood pressure of the sibutramine-treated patients

Figure 3 The Sibutramine Trial of Obesity Reduction and Maintenance (STORM).
In the six-month weight loss period, 605 patients received sibutramine 10mg/day. At
six months, 352 patients were randomized to receive placebo. Both groups received
the same diet and exercise counseling. There was a dose titration allowed to a max-
imum of 20mg/day sibutramine. Source: From Ref. 38.

Pharmacologic Agents in the Treatment of Obesity 267



was still higher than in the patients treated with placebo, even though they
had a weight difference of several kilograms.

Sibutramine given continuously for one year has been compared to
placebo and sibutramine given intermittently (25). In this study (Fig. 4),
patients who had lost �2% or –2 kg after four weeks of treatment with sibu-
tramine 15mg/day were randomized to placebo as continued sibutramine
versus sibutramine prescribed intermittently (weeks 1–12, 19–30, and 37–48).
Both sibutramine treatment regimens gave equivalent results and were signifi-
cantly better than placebo. As illustrated in Figure 4, the effect of stopping
sibutramine results in small increases in weight, which is then reversed when
the medication is restarted.

Four clinical trials document sibutramine use in patients with diabetes.
Onewas for 12 weeks and the other three studies were for 24 weeks (24,26–28).
In the 12-week trial, diabetic patients treated with sibutramine 15mg/day lost
�2.4 kg (2.8%) compared to�0.1 kg (0.12%) in the placebo group (29). In this
study, Hemoglobin A1c (HbA1c) fell �0.3% in the drug-treated group and
remained stable in the placebo-treated group. In the study byGockel et al. (27)

Figure 4 Sibutramine given intermittently or continuously compared to placebo.
Mean (SE) change in body weight during the study period. Patients (n¼ 1102)
received sibutramine 15mg/day. Those who lost 2% or 2 kg in four weeks were ran-
domized to placebo (n¼ 395) versus continued sibutramine (n¼ 405) versus inter-
mittent sibutramine (weeks 1–12,19–30, and 37–48) (n¼ 395). Source: From Ref. 25.
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60 female patients who had poorly controlled glucose levels (HbA1c> 8%) on
maximal doses of sulfonylureas and metformin were randomly assigned to
sibutramine 10mg twice daily or placebo. The weight loss at 24 weeks was
�9.6 kg in the sibutramine treated patients and �0.9 kg in those on placebo.
The improvements in glycemic control were equally striking. In the sibu-
tramine-treated patients, HbA1c fell �2.73% compared to �0.53% with the
placebo. Insulin levels fell �5.66U/mL compared to �0.68U/mL for pla-
cebo and fasting glucose fell �124.88mg/mL compared to �15.76mg/mL
for placebo. While the weight loss in most of the studies of patients with dia-
betes does not appear as great as in nondiabetic patients, in all of the studies
the percentage of patients who achieved weight loss �5% from baseline was
significantly greater than placebo. In all studies the degree of weight loss
corresponds to the degree of improvement in glycemic control.

Two trials have been reported using sibutramine to treat hypertensive
patients over one year, and two additional studies provide data on 12 weeks
of treatment (21,30–32). In all instances, the weight loss pattern favors sibu-
tramine. However, except for one study, mean weight loss, though favor-
able, was associated with small increases in mean blood pressure (31). In
a three-month trial all patients were receiving b-blockers with or without
thiazides for their hypertension (32). The sibutramine-treated patients lost
�4.2 kg (4.5%) compared to a loss of �0.3 kg (0.3%) in the placebo-treated
group. Mean supine and standing diastolic and systolic blood pressure were
not significantly different between drug-treated and placebo-treated
patients. Heart rate, however, increased þ5.6� 8.25 (M� SD) bpm in the
sibutramine-treated patients as compared to an increase in heart rate of
þ2.2� 6.43 (M� SD) bpm in the placebo group.

McMahon et al. (21) reported a 52-week trial in hypertensive patients
whose blood pressure was controlled with calcium channel blockers with
or without b-blockers or thiazides. Sibutramine doses were increased from
5 to 20mg/day during the first six weeks. Weight loss was significantly
greater in the sibutramine-treated patients, averaging �4.4 kg (4.7%) as com-
pared to �0.5 kg (0.7%) in the placebo-treated group. Diastolic BP decreased
�1.3 mmHg in the placebo-treated group and increased byþ2.0mmHg in the
sibutramine-treated group. The SBP increased þ1.5mmHg in the placebo-
treated group and by þ2.7 in the sibutramine-treated group. Heart rate was
unchanged in the placebo-treated patients, and increased þ4.9 bpm in the
sibutramine-treated patients (21). One small study in eight obese men demon-
strated that an aerobic exercise program mitigated the adverse blood pressure
effects of sibutramine (33).

Since the dose of sibutramine influences the amount of weight loss
with the drug, the intensity of the behavioral component is also likely to
have an effect (21,28). This is readily demonstrated in a study by Wadden
(34). With minimal behavioral intervention, the weight loss in that study
was about 5 kg over 12 months. When group counseling to produce behavior
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modification was added to sibutramine the weight loss increased to 10kg,
and when a structured meal plan using meal replacements was added to the
medication and behavior plan, the weight loss increased further to �15kg
(34). This indicates that the amount of weight loss observed during pharma-
cotherapy is due in part to the intensity of the behavioral approach.

Sibutramine is available in 5, 10, and 15mg pills; 10mg/day as a
single daily dose is the recommended starting level with titration up or
down based on response. Doses above 15mg/day are not recommended
by the FDA. The chance of achieving meaningful weight loss can be deter-
mined by the response to treatment in the first four weeks. In one large
trial, of the patients who lost �2 kg (�41b) in the first four weeks of treat-
ment, 60% achieved a weight loss of more than 5%, compared to less than
10% of those who did not lose�2 kg (�4 lb) in four weeks (21,35). Except
for blood pressure, weight loss with sibutramine is associated with improve-
ment in profiles of cardiovascular risk factors. Combining data from the
total of 11 studies on sibutramine showed a weight-related reduction in tri-
glyceride, total cholesterol, and LDL cholesterol and a weight loss related
rise in HDL cholesterol that was related to the magnitude of the weight
loss (36).

Sibutramine should not be used in patients with a history of coronary
artery disease, congestive heart failure, cardiac arrhythmias, or stroke. There
should be a two-week interval between termination of monoamine oxidase
inhibitors (MAOIs) and beginning sibutramine. Sibutramine should be used
only with caution with selective serotonin reuptake inhibitors (SSRIs).
Because sibutramine is metabolized by the cytochrome P450 enzyme system
(isozyme CYP3A4) when drugs like erythromycin and ketoconazole are
taken, there may be competition for this enzymatic pathway and prolonged
metabolism can result.

There are two issues to consider regarding blood pressure management
and sibutramine use. The first is the development of clinically significant
blood pressure elevations. Individual blood pressure responses to sibutra-
mine are quite variable. From the studies reviewed, withdrawals for clinically
significant blood pressure increase are usually 2% to 5% of participants in the
trial. Higher doses tend to produce higher withdrawal rates, thus lower doses
are preferred (35). The other issue with blood pressure increases is the small
mean increase of 2 to 4mmHg in systolic and diastolic blood pressure that
occurs in sibutramine treated patients versus controls. Weight loss is usually
associated with improvement in risk factors for cardiovascular disease (blood
pressure, lipids, measures of glycemic control). If sibutramine has mixed
effects on risk factors, with improvement in some (lipids, glycemic control)
but slight worsening of others, then the prescribing physician must use judg-
ment in the decision to continue sibutramine.

Managing potential increases in blood pressure should be a part of
the sibutramine treatment plan. Evaluation of blood pressure two to four
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weeks after starting sibutramine is recommended. The initial dose is usually
10mg/day. About 5% of patients who take sibutramine will have unaccep-
table increases in blood pressure and for them, the medication should be
stopped.

Orlistat (Xenical1)

Orlistat is a potent selective inhibitor of pancreatic lipase that reduces
intestinal digestion of fat. The drug has a dose-dependent effect on fecal
fat loss, increasing it to about 30% of ingested fat on a diet that has 30%
of energy as fat (37). Orlistat has little effect in subjects eating a low-fat diet,
as might be anticipated from the mechanism by which this drug works (37).

A number of long-term clinical trials with orlistat lasting six months to
four years have been published, and these have been reviewed recently (38).

The results of one two-year trial are shown in Figure 5 (9). The trial
consisted of two parts. In the first year patients received a hypocaloric diet
calculated to be 500 kcal/day below the patient’s requirements. During the
second year the diet was calculated to maintain weight. By the end of year
one the placebo-treated patients lost �6.1% of their initial body weight and

Figure 5 Orlistat and body weight change over two years of treatment. A total of
743 patients were randomized to receive either orlistat 120mg three times daily or
placebo for the first year and were then re-randomized to the same groups for a
second year. Following the four-week single-blind (SB) run in, the first double-blind
(DB) period utilized a diet that was calculated to be 600 kcal/day below mainte-
nance, and the second DB period used a diet that was intended to maintain body
weight. Source: From Ref. 39.
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the drug-treated patients lost �10.2%. The patients were re-randomized at
the end of year one. Those switched from orlistat to placebo gained weight
from �10% to �6.0% below baseline. Those switched from placebo to orli-
stat lost from �6% to �8.1%, which was essentially identical to the �7.9% in
the patients treated with orlistat for the full two years.

In a second two-year study, 892 patients were randomized (40). One
group remained on placebo throughout the two years (n¼ 97 completers)
and a second group remained on orlistat 120mg three times a day for two
years (n¼ 109 completers). At the end of one year, two-thirds of the group
treated with orlistat for one year were changed to orlistat 60mg three times
a day (n¼ 102 completers) and the others to placebo (n¼ 95 completers) (40).
After one year, the weight loss was �8.67 kg in the orlistat-treated group and
�5.81 kg in the placebo group (p < 0.001). During the second year, those
switched to placebo after one year reached the same weight as those treated
with placebo for two years (�4.5% in those with placebo for two years and
�4.2% in those switched from orlistat to placebo during year two).

In a third two-year study, 783 patients enrolled in a trial where, for
two years, they remained in the placebo group or one of two orlistat-treated
groups at 60 or 120mg three times a day (40,41). After one year with a
weight loss diet, the completers in the placebo group lost �7.0 kg, which
was significantly less than the �9.6 kg in the completers treated with orlistat
60mg thrice daily or �9.8 kg in the completers treated with orlistat 120mg
thrice daily. During the second year when the diet was liberalized to a
‘‘weight maintenance’’ diet, all three groups regained some weight. At the
end of two years, the completers in the placebo group were �4.3 kg below
baseline, the completers treated with orlistat 60mg three times daily were
�6.8 kg and the completers treated with orlistat 120mg three times daily
were �7.6 kg below baseline.

Another two-year trial that has been published was carried out on
796 subjects in a general practice setting (42). After one year of treatment
with orlistat 120mg/day, completers (n¼ 117) had lost �8.8 kg compared
to �4.3 kg in the placebo completers (n¼ 91). During the second year when
the diet was liberalized to ‘‘maintain body weight,’’ both groups regained
some weight. At the end of two years, the orlistat group receiving 120mg
three times daily was 5.2 kg below their baseline weight compared to
�1.5 kg for the group treated with placebo. The percent change in body
weight over two years of orlistat at 60 and 120mg is depicted in Figure 6
which represents pooled data from multiple studies extracted from the inte-
grated database of volunteers treated in a general practice setting.

Weight maintenance with orlistat was evaluated in a one-year study
(43). Patients were enrolled who lost more than 8% of their body weight
over six months eating a 1000 kcal/day (4180 kJ/day) diet. The 729 patients
were one of four groups randomized to receive either placebo or 30, 60, or
120mg of orlistat three times a day for 12 months. At the end of this time
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the placebo-treated patients had regained 56% of their body weight, com-
pared to 32.4% in the group treated with orlistat, 120mg three times a
day. The other two doses of orlistat were not statistically different from
placebo in preventing the regain of weight.

The modest weight reduction observed with orlistat treatment may
have a beneficial effect on lipids and lipoproteins. Orlistat seems to have
an independent effect on LDL cholesterol. From a meta-analysis of the data
relating orlistat to lipids in five double-blind, randomized, placebo-con-
trolled studies, orlistat-treated subjects had almost twice as much reduction
in LDL cholesterol as their placebo-treated counterparts for the same
weight loss category reached after one year (44).

One study is representative of the effects of orlistat on weight loss and
on cardiovascular risk factors, particularly serum lipids, in obese patients
with hypercholesterolemia (45). The main findings were that orlistat pro-
moted clinically significant weight loss and reduced LDL-C in obese patients
with elevated cholesterol levels more than could be attributed to weight loss
alone. Another study, the ObelHyx study, demonstrates an additional 10%
LDL-C lowering in obese subjects with baseline elevated LDL-C levels com-
pared to placebo (46).

Orlistat’s independent cholesterol-lowering effect probably reflects a
reduction in intestinal absorption of cholesterol. Since lipase inhibition by
orlistat prevents the absorption of approximately 30% of dietary fat, the
prescribed diet of 30% of energy from fat would thus become in effect a
20% to 24% of available fat in the diet when associated with orlistat treat-
ment. It has been hypothesized that inhibition of gastrointestinal lipase

Figure 6 Orlistat in primary care practices. Percent change from initial body weight
over two years of treatment. Data derived from an integrated data base. Source:
From Ref. 37.
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activity may lead to retention of cholesterol in the gut through a reduction
in the amount of fatty acids and monoglycerides absorbed from the gut,
and/or may lead to sequestration of cholesterol within a more persistent oil-
phase in the intestine. Partial inhibition of intestinal fat and cholesterol
absorption probably leads to decreased hepatic cholesterol and saturated
fatty acid concentration, upregulation of hepatic LDL receptors, and
decreased LDL-C levels.

The orlistat-treated subjects in trials lasting for at least one year were
analyzed by Heymsfield et al. (47), who found that orlistat reduced the con-
version of impaired glucose tolerance (IGT) to diabetes and that the transi-
tion from normal to impaired glucose tolerance was also reduced in subjects
treated with orlistat for one year. In orlistat-treated subjects the conversion
from normal glucose tolerance to diabetes occurred in 6.6% of patients,
whereas approximately 11% of placebo-treated patients had a similar wor-
sening of glucose tolerance. Conversion from IGT to diabetes was less fre-
quent in orlistat-treated patients than in placebo-treated obese subjects, by
3.0% and 7.6%, respectively (47). Although these data are based on a retro-
spective analysis of one-year trials in which data on glucose tolerance was
available, it shows that modest weight reduction—with pharmacother-
apy—may lead to an important risk reduction for the development of
type II diabetes.

One study randomized 550 insulin-treated patients to receive either
placebo or orlistat 120mg three times a day for one year (48). Weight loss
in the orlistat-treated group was �3.9� 0.3% compared to �1.3� .0.3%
in the placebo-treated group. Hemoglobin Alc was reduced �0.62% in
the orlistat-treated group, but only �0.27% in the placebo group. The
required dose of insulin decreased more in the orlistat group, as did plasma
cholesterol (48).

Orlistat, in a study in patients with diabetes, improved metabolic con-
trol with a reduction of up to �0.53% in hemoglobin Alc (HbA1c) and a
decrease in the concomitant ongoing antidiabetic therapy, despite limited
weight loss (29). Independent effects of orlistat on lipids were also shown
in this study (29). Orlistat also has an acute effect on postprandial lipemia
in overweight patients with type 2 diabetes. By lowering both remnant-like
particle cholesterol and free fatty acids in the postprandial period, orlistat
may contribute to a reduction in atherogenic risk (49).

The longest clinical trial with orlistat is the Xenical Diabetes Outcome
Study (XENDOS) (50). In this four-year randomized, placebo-controlled
clinical trial 1640 patients were assigned to received orlistat 120mg three
times daily plus lifestyle and 1637 patients to receive matching placebos plus
lifestyle. The study enrolled Swedish patients with a BMI� 30 kg/m2 with
normal or impaired glucose tolerance (21%). More than 52% of the orlistat
and 34% of the placebo-treated patients continued to adhere to the clinical
protocol. The patients receiving orlistat were �6.9 kg below their baseline
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weight by the end of year 4 compared to �4.1 kg for the placebo-treated
group (p < 0.001). Cumulative incidence of diabetes was 9.0% in the
placebo group and 6.2% in the orlistat group, a 37% reduction in relative
risk. Xendos provides evidence, not only of therapeutic benefit in terms of
diabetes risk reduction, but also that long-term clinical trials of anti-obesity
drugs can be successfully implemented.

Orlistat is not absorbed to any significant degree and its side effects are
thus related to the blockade of triglyceride digestion in the intestine (37).
Fecal fat loss and related GI symptoms are common initially, but subside
as patients learn to use the drug (38,39). During treatment, small but signifi-
cant decreases in fat-soluble vitamins can occur although these almost always
remain within the normal range (51). However, a few patients may need
supplementation with fat-soluble vitamins that can be lost in the stools. Since
it is impossible to tell a priori which patients need vitamins, we routinely pro-
vide a multivitamin with instructions to take it before bedtime. Absorption of
cyclosporin may also be significantly affected by orlistat.

Combining Orlistat and Sibutramine

Since orlistat works peripherally to reduce triglyceride digestion in the GI
track and sibutramine works on noradrenergic and serotonergic reuptake
mechanisms in the brain, their mechanisms do not overlap at all and com-
bining them might provide additive weight loss. To test this possibility
Wadden et al. (52) randomly assigned patients to orlistat or placebo in addi-
tion to sibutramine, following a year of treatment with sibutramine alone.
During the additional four months of combination treatment there was
no further weight loss. This result was a disappointment, but additional stu-
dies are obviously needed before firm conclusions can be made about com-
bining therapies.

MEDICATIONS USED IN OBESITY MANAGEMENT, BUT WHICH
DO NOT HAVE AN FDA-APPROVED INDICATION

Topiramate

Topiramate is a neuropsychiatric agent approved for treatment of certain
forms of epilepsy, either as monotherapy and in combination with other
antiepileptic drugs. Topiramate is a carbonic anhydrase inhibitor that also
affects the GABAA receptor.

In a pooled analysis of a number of epilepsy trials, topiramate was
shown to produce progressive weight loss over 18 months which was main-
tained for the 24 months of observation (53). Patients who had baseline
weight exceeding 100 kg lost proportionally more weight compared to those
with normal weight (53).
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A prospective observational study of topiramate was performed in
patients with epilepsy who were taking at least one antiepileptic medication,
and provided an opportunity to observe weight effects of the drug (54). Of
49 patients who enrolled, 11 withdrew because of adverse events or because
of subject choice (4,7). There were 38 who completed one year of topiramate
exposure. The mean topiramate dose for completers was 129mg/day. In
those 38 subjects, there was �7.3% reduction in body weight at one year.
The proportional weight loss was greater in the eight obese subjects
(�11% from baseline). Patients lost more body fat than lean mass, as
assessed by dual emission X-ray absorptiometry. In patients who lost
weight, body fat mass was reduced �14.7% at one year, while lean body
mass was only reduced �4.8%.

A number of clinical trials with topiramate were begun, but were
stopped while in progress in order that the formulation of the drug could
be reevaluated. To date, only one of these studies has been published (55).
In that multicenter, placebo-controlled, dose-ranging study, topiramate
was given for six months to 385 obese patients at doses of 64, 96, 192, or
384mg daily. Figure 7 shows the weight loss results for completing subjects
in this study. The mean percent weight loss in an intention to treat, last
observation carried forward are more modest; at six months weight loss
was �2.6% for placebo, �5.0%, �4.8%, �6.3%, and �6.3%, respectively, for

Figure 7 Topiramate dose-ranging study. Percent body weight change over time for
subjects who completed the 24-week study. Topiramate produced significantly
greater weight loss than placebo; the two higher doses were similar but significantly
greater than the two lower doses. Source: From Ref. 55.
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the 64, 96, 192, and 384mg doses. While this weight loss pattern is relatively
modest, the drug would be expected to show additional weight loss for up to
18 months, if the earlier clinical observation is correct (53).

While the clinical observations of weight loss with topiramate show
promise, safety and tolerability are important. The chief safety issues with
the medication are acute glaucoma, renal stones, and cognitive impairment
(discussed below). Acute glaucoma is an extremely rare side-effect signaled
by visual impairment and requires immediate cessation of the drug and
opthalmalogical management for preservation of vision. Because topiramate
is a carbonic anhydrous inhibitor, taste perversions (with carbonated
drinks) are to be expected, as are paresthesias and increased risk for renal
calculi.

Central nervous system symptoms are the most worrisome aspect of
developing topiramate for an obesity indication. Cognitive impairment,
described as mental slowing, somnolence or word-finding difficulty are
reported with increased frequency on adverse event reporting forms. In
the topiramate-treated patients in the published six month weight loss study,
the adverse event (AE) reporting prevalence of difficulty with memory was
20% compared to 8% in placebo-treated patients (55). The AE prevalence of
difficulty with concentration was 10% in those treated with topiramate com-
pared to 5% of those treated with placebo. Overall in that study, 21% of
topiramate-treated patients withdrew for adverse events compared to 11%
of those on placebo. To improve tolerance, the manufacturers recommend
slow dose titration. In the published weight loss six month trial, topiramate
was started at 16mg/day for one week, raised to 16 mg twice a day for week
2, and titrated upward in weekly increments of 32mg/day until the target
dose was reached (55).

Topiramate has been investigated and shown efficacy in migraine pre-
vention, in bipolar disorder and in binge eating disorders (56–59). Its future
development as an anti-obesity agent is uncertain, as additional longer term
clinical trials have not been initiated.

Despite tolerability issues, interest in topiramate remains strong
among obesity researchers, in part because of the prolonged weight loss
effect of the drug, in part because of its uncertain mechanism of action,
and in part because of its potential independent effect on glycemic control,
which remains an unresolved issue.

Zonisamide

Zonisamide is marketed as an antiepileptic drug, is a sulfonamate derivative,
and is a weak carbonic anhydrase inhibitor, all characteristics similar to
topiramate. In clinical trials in epilepsy patients who took zonisamide in
addition to other epilepsy medications, weight loss was observed as a side
effect (60).
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In a 16-week double-blind randomized clinical trial, Gadde et al. (61)
randomized 60 obese subjects to placebo or 600mg/day of zonisamide. All
patients were instructed in a 500 kcal/day deficit diet. Figure 8 demonstrates
the weight loss pattern in this study of zonisamide and placebo-treated
patients. During the 16-week double-blind period the zonisamide-treated
patients lost �5.98%, compared to �1.09% in the placebo group. During
the first 16 weeks of treatment, six zonisamide and three placebo subjects
withdrew. Of the zonisamide-treated patients, 19 entered a 16-week single-
blind extension and their mean weight loss was �9.4% at 32 weeks. In terms
of safety, the chief issue was the adverse event reporting of fatigue by 10 in
the zonisamide group and only one in the placebo group. There was also
slight elevation of serum creatinine associated with zonisamide use, from
0.78 to 0.92mg/dL. Zonisamide has been shown in epilepsy trials to be fre-
quently associated with dizziness, cognitive impairment and somnolence
and, rarely, with kidney stones and hematologic disease.

Antidepressants—Fluoxetine, Bupropion, and Venlafaxine

Most antidepressants are associated with weight gain (62). However,
fluoxetine and bupropion have been evaluated in clinical trials for weight loss
and venlafaxine has weight loss reported as a side effect in its prescribing
information.

Figure 8 Zonisamide trial in 60 obese patients. Percent body weight changes from
baseline to week 16 is depicted for obese patients randomized to either zonisamide or
placebo. Data is from a last observation carried forward, intent-to-treat analysis
shows statistically significant weight loss for the zonisamide group. Error bars indi-
cate SE. Source: From Ref. 61.
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There was initial enthusiasm for fluoxetine as a weight loss agent when
it was shown to produce dose-related weight loss in a small eight-week study
of fluoxetine 10, 20, 40, and 60mg and placebo (63). However, the weight
loss efficacy was not replicated in a large (458 subject), 52-week, double-
blind, 10-site trial (64). In that study, as shown in Figure 9, fluoxetine,
60mg daily, was compared to placebo and did not produce a treatment dif-
ference at week 52. There was statistically significant greater mean weight
loss compared to placebo early in the study, but after week 28 there is pro-
gressive weight regain despite continued treatment. While fluoxetine may
play a role in management of depression in obese patients, it is an ineffective
agent for long-term weight management.

Bupropion is a norepinephrine and dopamine reuptake inhibitor with
FDA-approved indications for major depression and smoking cessation.
Sustained-release bupropion has been shown to be associated with weight loss
in overweight and obese subjects treated with the drug for depression (65).

Sustained-release bupropion was evaluated in a multi-center, double-
blind, placebo-controlled randomized trial (66). In that study, there were
327 subjects randomized to placebo, or either 300 or 400mg of daily bupro-
pion SR. The results are shown in Figure 10. All subjects were randomly
allocated to receive either placebo or active treatments (bupropion SR
300mg/day or bupropion SR 400mg/day) in a double-blind manner for
24 weeks. Then placebo-treated patients were randomized to either 300 or
400mg of daily bupropion SR for 24 additional weeks. There was a dose–
response relationship evident with mean weight loss of �7.2% and �10.1%
for bupropion SR 300 and 400mg, respectively, at 24 weeks. These were net

Figure 9 Fluoxetine trial for overweight and obesity. Percent body weight change
over time for obese subjects randomized to daily fluoxetine 60mg or placebo. After
week 26, there are no statistically significant differences between the treatment
groups. Source: From Ref. 64.
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�2.2% and �5.1% more than placebo. At 48 weeks, mean weight loss was
�7.5% and �8.6% for bupropion SR 300mg and 400mg, respectively.
The medication was well tolerated in this study with no significant difference
in adverse events across treatment groups. Anxiety or insomnia led to with-
drawal more often with bupropion SR treatment than with placebo, but
these differences were not statistically significant.

Bupropion SR 300mg/day has been evaluated in 422 obese patients
with depression symptoms (Beck Depression Inventory Score of 10–30) in
a randomized, double-blind, placebo-controlled study (67). Those patients
on bupropion lost more weight at six months (�4.6% mean weight lost from
baseline compared to �1.8% for the placebo group). However, there was no
statistically significant difference between groups in prevalence of patients
reporting � 50% decrease in depressive symptoms. Improvement in depres-
sive symptoms was related to weight loss �5%, regardless of treatment
(p< 0.0001).

In summary, bupropion would seem a good choice for therapeutic
trial in the depressed obese patient, since it has a favorable weight profile.
For obese patients with depressive symptoms, bupropion might also be
beneficial, provided there is a weight loss effect. The chief obstacle to
recommending bupropion for the management of obesity in a general
population would be the lack of an FDA-approved indication for weight
management. Considering the large body of evidence documenting the safe
use of the drug for depression, it is reasonable for clinicians to add it to
the therapeutic tool-box for obesity. Bupropion seems to aid lifestyle
approaches to produce weight loss roughly equivalent to sibutramine

Figure 10 Bupropion SR and weight loss over 48 weeks. Percent weight loss from
baseline over time is displayed as mean values with SEM. Bupropion SR 400mg (~)
produced significantly greater weight loss than bupropion SR 300mg (&) at weeks
24, 26, 30, 36, and 40 and greater weight loss than placebo () at weeks 12, 16, 20,
and 24. Source: From Ref. 66.
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and orlistat. Clinicians should be familiar with its side effect profile and
prescribe with care. Bupropion should not be given to patients with a
history of epilepsy. Its side effect profile shows increased incidence of
agitation, anxiety, and insomnia.

Venlafaxine (marketed as Effexor) is a reuptake inhibitor of serotonin
and norepinephine, like sibutramine, and has a chemical structure similar to
sibutramine. Venlafaxine is used for treatment of depression. Although
there are no studies of this medication as a weight loss agent, the prescribing
information documents treatment emergent anorexia reported in 11% of
patients treated with venlafaxine and only 2% of those on placebo. A loss
of 5% or more of body weight occurred in 6% of patients treated with venla-
faxine and 1% on placebo. Venlafaxine has a side effect profile similar to
sibutramine (68). Thus, venlafaxine would be among preferred choices for
managing depression in obese patients.

FUTURE DIRECTIONS

Based on an explosion of knowledge regarding the biology of food intake
and energy balance regulation, many pharmaceutical companies are search-
ing for novel obesity drugs. The first of this new paradigm to developing
obesity medications based on biologic advances—leptin—has thus far failed
to produce meaningful weight loss in the healthy obese population. Leptin
would seem to be a promising agent for obesity management. It is a peptide
produced in adipose tissue. Leptin mutations result in obesity in animals
and humans and treatment with recombinant leptin reverses obesity in these
individuals (69,70). Leptin levels in the blood are highly correlated with the
amount of body fat. A dose-ranging clinical trial of subcutaneously adminis-
tered recombinant human leptin in obese individuals demonstrated only
modest weight loss at 24 weeks and problems with reactions at the local
injection site (71). The issue in human obesity may be resistance to leptin’s
action, suggesting that this may have limited usefulness in the general popu-
lation of obese individuals.

Axokine is the trade name for a modified form of ciliary neurotrophic
factor (CNTF). It acts through the same janus-kinase-signal for transduction
and translation (JAK-STAT) system that leptin acts through. CNTF will
reduce food intake in animals that lack leptin or the leptin receptors (72).
In a clinical trial for amyotrophic lateral sclerosis, the drug was noted to
reduce weight.

CNTF has been evaluated in a 12-week, double-blind, randomized,
dose-ranging study at seven sites (73). There were 173 patients who received
daily subcutaneous injections of placebo or one of three doses of CNTF
(0.3, 1.0, or 2.0 mg/kg). All patients received instruction in a diet to reduce
daily consumption by 500 kcal. Figure 11 depicts weight loss results. The
mean weight loss over 12 weeks is modest, though statistically significant.
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The chief issues with CNTF as a weight loss agent are that the parenteral
medication invokes antibody formation (in 45–87% of patients in the cited
study). Injection site reactions, nausea and cough, coupled with modest
weight loss, limit the drug’s usefulness in clinical practice.

The next medication expected to make it to market based on the ‘‘new
biology’’ of food intake and energy balance regulations is rimonibant.
Endocannabinoids may be involved in the regulation of food intake. Early
results of two clinical trials of rimonibant have been posted on a website
(74). Rimonibant is the first of a new class; CB1 blockers. This agent selec-
tively blocks the CB1 receptor and is proposed to normalize the endocanna-
binoid system. The drug is being evaluated as an aid to both weight loss and
smoking cessation.

The ‘‘new biology’’ of obesity has resulted in interest in other therapeu-
tic targets. Several pharmaceutical companies are seeking to identify antago-
nists to the neuropeptide Y (NPY) receptor and agonists of cholecystokinin

Figure 11 CNTF treatment for obesity. Data shown are available data as observed
at each time point. Beginning at week 2, the 1.0mg/kg dosage group was statistically
significantly different from placebo (p¼ 0.02). At day 84, all treatment groups show
a statistically significant difference in weight compared with the placebo group
(p < 0.05). Abbreviation: CNTF, ciliary neurotrophic factor. Source: From Ref. 73.
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(CCK). Peripheral peptides such as ghrelin and peptide yy (PPY) are other
promising targets.

SUMMARY

At present only two drugs are approved for long-term treatment of obesity.
Sibutramine inhibits the reuptake of serotonin and norepinephrine. In
clinical trials it produces a dose-dependent 5% to 10% decrease in body
weight. Its side effects include dry mouth, insomnia, asthenia, and constipa-
tion. In addition, in clinical trials, sibutramine produces a small mean
increase in blood pressure and pulse that mandates attention to blood pres-
sure monitoring on follow-up visits. Sibutramine is contraindicated in some
individuals with heart disease. Orlistat is the other drug approved for long-
term use in the treatment of obesity. It works by blocking pancreatic lipase
and thus increasing the fecal loss of triglyceride. One valuable consequence
of this mechanism of action is the reduction of serum cholesterol that
averages about 5% more than can be accounted for by weight loss alone.
In clinical trials, it too produces a 5% to 10% loss of weight. Its side effects
are entirely due to undigested fat in the intestine (steatorrhea) that can lead
to increased frequency and change in the character of stools. It can also
lower fat-soluble vitamins. The ingestion of a vitamin supplement before
bedtime is a reasonable treatment strategy when orlistat is prescribed.

Among the medications that have been on the market for more than
30 years, phentermine is still widely prescribed for obesity management,
despite a lack of extensive clinical trial evidence supporting its use.

Several medications that are available and approved by the FDA for
indications other than weight loss are also used in the clinic. Bupropion
has been used widely for management of depression and smoking cessation
when used with a lifestyle approach. It produces weight loss similar to that
of orlistat and sibutramine. Its safety profile is relatively good with chief
concern being its contraindication in seizure disorders.

Topiramate generates interest among clinicians who manage obesity
because of the duration and amount of weight loss, although tolerability
and safety profile limit its usefulness. Cognitive dysfunction, renal calculi,
paresthesias, and acute glaucoma make this medication difficult to employ
in the otherwise healthy obese population.

Other medications may play a role in managing the obese patient;
zonisamide, fiuoxetine, and venlafaxine, were also discussed in this review.

Finally, the future of obesity pharmacotherapy holds promise—and
disappointments, too. While recombinant leptin has not shown efficacy in
the general obese population, and recombinant ciliary neurotrophic factor
shows efficacy only in a subgroup, early results with rimonibant are promis-
ing. Similar successes and failures are almost certainly in store in the
development of additional drugs to treat obesity.
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INTRODUCTION

Binge eating, a hallmark of both bulimia nervosa (BN) and the new DSM-
IV proposed diagnostic category binge eating disorder (BED), is a disturbed
eating behavior defined as episodes of uncontrolled consumption of large
amounts of food in a short period of time associated with a feeling of loss
of control (1). BED is an example of an eating disorder not otherwise spe-
cified characterized by recurrent episodes of binge eating not being followed
by inappropriate compensatory behaviors seen in BN (2).

Although weight is not a criterion for diagnosis, BED ismore frequently
observed in overweight and obese individuals. Fifteen to thirty percent of
participants in weight loss programs and 70% in overeaters anonymous
groups display this condition (3). These obese patients with BED present
an earlier onset of obesity, begin dieting earlier, and havemore weight fluctua-
tions than obese patients without BED (4). Moreover, patients with BED
usually exhibit higher than expected rates of eating related (body image
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distress) and general psychopathology (5). Studies have suggested an elevated
prevalence of depressive disorders, anxiety disorders and substance use disor-
ders (alcohol or drug abuse/dependence) in persons with BED compared to
those without BED (6–8). In addition, epidemiological studies have found
higher rates of binge eating among bipolar patients than in the general popu-
lation (9). High levels of perfectionism and impulsivity as well as impulse
control disorders (e.g., kleptomania) have also been found in patients with
BED (10). As a clinical consequence, psychiatric comorbidity may render
individuals more prone to developing binge eating and to have problems with
weight control (11–13).

Considering the aforementioned characteristics, BED should be seen
as a clinical condition characterized by symptoms on three domains (14).
These domains may be represented behaviorally by the occurrence of binge
eating without compensatory behavior; psychologically by body image dis-
turbances and/or psychiatric comorbidity; and somatically by overweight or
obesity. Thus, the treatment of BED should consider these three aspects of
its clinical presentation (15).

Despite the fact that there is no established treatment for BED, med-
ications are frequently part of a multi-modal approach that also includes
psychological and nutritional interventions. The last decade has witnessed
the development of promising pharmacological treatments for BED or simi-
lar conditions (16). Several classes of medications have been studied in the
treatment of patients with BED including antidepressants, centrally acting
anti-obesity agents, and anticonvulsants, and to a lesser extent, opioid
antagonists (17–33).

Recent pharmacological studies conducted in BED have shown an
increasing and progressive refinement. These methodological improvements
could be observed in different aspects of the study design, such as the inclu-
sion of subjects with BED diagnosed according to DSM-IV or DSM-IV-TR
criteria, the introduction of a more equivalent primary outcome measures
(reports of weekly binge eating frequency), the use of standardized instru-
ments to evaluate eating-related and general psychopathology, and the
assessment of anthropometric parameters.

However, apart from these advances, BED pharmacological trials still
have important limitations. One important finding is the strong response to
placebo reported in this group of patients (27). Of note, this high placebo
response is not an exclusive BED phenomenon and has been found in other
psychiatric conditions (34). In addition, the BED syndrome may have an
intermittent course (with relapses and remissions) which may contribute
to this high placebo response (35). Another important limitation of available
controlled BED pharmacological studies is that all are short term. It is
therefore unknown if their therapeutic effects would generalize to longer
treatment periods. The next generation of pharmacotherapy studies will
need to address several questions, such as the optimal medication, most
appropriate dose regimen and treatment duration as well as effects of
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combined treatments (e.g., medication and psychotherapy, medication, and
nutritional counseling, etc.).

This chapter summarizes the available information and future direc-
tions on the pharmacological treatment of BED. First, agents with efficacy
in BED will be discussed and grouped by their pharmacological classes. Sec-
ond, although still scarse, studies about combination and augmentation
strategies will be analysed.

ANTIDEPRESSANTS

The use of antidepressants in the treatment of BED is supported by the fol-
lowing lines of evidence:

� antidepressants of several different classes have been shown to be
effective in BN, which is closely related to BED,

� individuals with BED display a high prevalence of lifetime major
depressive disorder,

� the use of certain antidepressants has been associated with some
degree of weight loss (6,7,15,36,37).

Several classes of antidepressants have been studied in BED. Early
investigations with tricyclics were followed by more recent trials with sero-
tonin selective reuptake inhibitors (SSRIs) and other antidepressants.

Tricyclic Antidepressants

Initial studies were conducted before the publication of the provisional
DSM-IV criteria for BED and employed tricyclic antidepressants in clinical
conditions closely related to this diagnosis (17,18). In a first double-blind
placebo-controlled study, McCaan et al. (17) noted that desipramine was sig-
nificantly superior to placebo in reducing binge eating in 23 patients with
non-purging BN. At the end of the trial, 60% of desipramine treated patients
did not binge eat, compared with 15% of placebo-treated women. Addition-
ally, patients quickly relapsed after the discontinuation of the medication.
However, there were no differences between desipramine and placebo in
change in weight, BMI, perception of body image, or depressive symptoms.
These results lead to the hypothesis that antidepressants might also work in
eating disorders by suppressing appetite rather than elevating mood, and that
desipramine might also have a therapeutic effect in patients with BED. A sec-
ond trial conducted by Alger et al. (18) compared imipramine 150–200mg/
day with placebo in obese binge eaters (individuals with a binge eating scale
score�27) and normal weight BN patients. This study included an additional
naltrexone group. A median reduction in binge eating frequency greater than
90% was observed, but there was no statistically significant difference
between drug and placebo (due to an extremely high placebo response rate
of 70%). This high placebo response along with the small sample size makes
these results difficult to interpret. Adverse reactions for imipramine included
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drug rash and elevated liver enzymes; for naltrexone they included headache,
nausea, agitation, diaphoresis, and elevated liver enzymes.

Serotonin Selective Reuptake Inhibitors

An open trial of fluvoxamine in 10 patients with binge eating without vomit-
ing suggested SSRIs might be effective in BED (38). The five completer
patients showed significant weight loss, as well as reduction in the number
of binge episodes, anxiety, and clinical severity questionnaire scores. After
these initial positive findings, Hudson et al. (19) assessed the efficacy of
fluvoxamine in the treatment of BED in a three-center, nine-week, double-
blind, placebo-controlled trial. Eighty-five overweight outpatients with BED
were assigned to fluvoxamine or placebo. The authors found that, compared
with placebo-fluvoxamine was associated with a significantly greater rate of
reduction in binge frequency and body weight. However, they did not find a
significant difference between active drug and placebo in terms of depres-
sives symptoms. The estimated weight loss in the fluvoxamine group was
1.3 kg compared with 0.4 kg in the placebo group. A significant greater
number of patients receiving fluvoxamine than placebo withdrew due to
adverse events (insomnia and nausea). A second randomized controlled trial
reported negative results relative to the efficacy of fluvoxamine in BED (23).
In this study, 20 subjects with BED were randomly assigned to flexible-dose
fluvoxamine or placebo for 12 weeks. A significant reduction in binge fre-
quency, Beck Depression Inventory scores, and eating concern, shape con-
cern and weight concern subscales of the Eating Disorder Examination were
noted for both fluvoxamine (n¼ 9) and placebo (n¼ 11) groups. There were
no significant differences between fluvoxamine and placebo for any treat-
ment outcome variables. However, as the authors have pointed out, the
results of this study are difficult to interpret because of several limitations,
such as the very small sample size and the inclusion of potential confound-
ing nonspecific treatment components, i.e., rigorous assessment and self-
monitoring with very frequent clinical contact.

Sertraline was studied in the treatment of BED in a small controlled
trial conducted by McElroy et al. (20). Thirty-four overweight patients with
BED were randomly assigned to sertraline 50–200mg/day or placebo (24).
There was a significant reduction of binge frequency in the group treated
with sertraline when compared to placebo (85% vs 46.5%), as well as a signi-
ficant and a more marked weight loss (�5.4 kg). Again, the authors did not
find statistical differences in depressive symptoms. Sertraline was safe and
the only statistically significant adverse event observed in the sertraline
group compared to placebo was insomnia.

The efficacy and tolerability of fluoxetine in BED was studied in a
6-week randomized controlled trial conducted by Arnold et al. (21) in 60
patients. Subjects receiving fluoxetine had a significantly greater reduction
in frequency of binge eating, weight and a marginally significant reduction
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in HAM-D scores compared to placebo. Additionally, fluoxetine was con-
sidered well tolerated.

More recently, citalopram was also studied in a double-blind controlled
trial with 38 overweight patients with BED (22). Compared to placebo,
citalopram-treated individuals had a significant reduction in binge eating
episodes and body weight. As observed in the fluoxetine study, the authors
found a non-significant result in terms of associated depressive symptoms

In a recent review, Carter et al. (39) combined the data from the above 4
placebo-controlled clinical trials of SSRIs (19–22). Using a random regres-
sion method for a meta-analysis they estimated the effect of this class of drugs
on binge eating frequency and other parameters. The combined estimate for
difference between drug and placebo in percentage of subjects with a 50% or
greater decrease in frequency of binges at endpoint was 23.0% (95% CI: 9.9,
36.2; P¼ 0.001), and for the difference in percentage of subjects with a cessa-
tion of binge eating at endpoint was 20.2 (95% CI: 7.5, 32.7; P¼ 0.002). The
authors concluded that these effect sizes were clinically important and similar
to those observed with SSRIs in major depressive disorder (40).

Other Antidepressants

Information about therapeutic effects of other classes of antidepressants in
the treatment of BED has come from open reports. An open-label study
evaluated venlafaxine, a serotonin noradrenaline reuptake inhibitor, in 35
overweight or obese patients with BED (41). There were significant
decreases in weekly binge frequency, severity of binge eating and mood
symptoms, weight, BMI, waist circumference, and diastolic blood pressure.
Fifty percent of patients had at least a moderate response and 43% lost at
least 5% of their baseline weight. Dry mouth, sexual dysfunction, insomnia,
and nausea were the most common adverse events. A small open trial inves-
tigated the effectiveness and tolerability of reboxetine, a selective noradrena-
line reuptake inhibitor in BED (42). In this study, nine patients with BED
and obesity received reboxetine 8mg/day for 12 weeks. The five completers
showed a significant reduction in binge frequency (from 4.6 to 0.2 binge
days/week at the end of the study) and in BMI. Of note, these authors
included in the study designed an instrument to assess quality of life, an
important aspect to evaluate the effectiveness of a intervention. Overall
quality of life, assessed by World Health Organization Quality of Life
Assessment Scale in pre- and post-treatment, was significantly improved
as were general health (p¼ 0.02) and psychological domains (p¼ 0.03).
No serious side effects were observed. Randomized, double-blind placebo-
controlled trials are warranted to confirm these preliminary findings.

OPIOID ANTAGONISTS

The basis for the use of opioid antagonists such as naltrexone in BED
includes the following lines of evidence:
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� Animal studies have shown that these agents may help control
food intake (43).

� Opioid antagonists interfere with food intake behavior and body
weight in a biobehavioral model of obese binge eating (44).

� Opioid antagonists reduced food intake by up to 30% in normal
weight, obese and bulimic patients (45).

� Individuals with BED display a high prevalence of alcohol use dis-
orders (8).

Naltrexone is an opiate antagonist used to treat alcoholism. Despite
the negative findings reported by Alger et al. (18) and discussed above,
two case reports described potential benefits of naltrexone either alone or
combined with fluoxetine and cognitive-behavioral therapy on binge eating
behavior and weight in patients with BED unresponsive to antidepressants
and psychotherapy (46,47). In addition, in an open label one-year trial of
naloxone in 10 obese diabetic women with bulimia or binge eating resistant
to antidepressants or psychotherapy, an early reduction in weekly binge eat-
ing episodes was sustained after one year of treatment (33). A significant and
progressive reduction in body weight along with an improvement in glyce-
mic control was also observed. Of note, no undesirable side effects were
noted during the study. These positive findings need to be replicated in ran-
domized controlled studies.

ANTI-OBESITY AGENTS

The use of anti-obesity agents in the treatment of BED is supported by a
number of lines of evidence:

� Binge eating may be characterized by increased appetite and
reduced satiety (48).

� BED is frequently associated with overweight or obesity and
depression (3).

� Some antiobesity agents reduce appetite, increase satiety, induce
weight loss, and may reduce depressive symptoms (49).

D-fenfluramine, currently withdrawn from the market because of its
association with cardiac valve lesions and pulmonary hypertension, was
the first antiobesity agent studied in BED. A positive placebo-controlled
trial of d-fenfluramine was conducted by Stunkard et al. (24) in 28 obese
subjects with BED. In this study, patients receiving d-fenfluramine showed
a statistically significant reduction in binge eating behavior compared to pla-
cebo. Surprisingly, despite the anti-obesity action of d-fenfluramine, its ther-
apeutic effect on binge eating was not associated with a reduction in body
weight. In addition, the authors also reported a remarkable post-
discontinuation relapse in binge eating.

The interest about the usefulness of anti-obesity agents in BED
regained a renewed interest with the introduction of sibutramine to the
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obesity armamentarium. Sibutramine is a serotonin and noradrenaline reup-
take inhibitor. Its efficacy for inducing initial weight-loss and subsequent
weight maintenance is well proven in short- and long-term obesity clinical
trials (50,51). Sibutramine induces weight loss mainly by enhancing satiety.
As a secondary mechanism of action, sibutramine may prevent the decline in
energy expenditure that usually follows weight loss (52). Side effects of sibu-
tramine are usually mild and transient and include dry mouth, constipation,
and insomnia. Small increases in blood pressure and heart rate have also
been reported. Unlike fenfluramine and dexfenfluramine, sibutramine does
not induce serotonin release, and has not been implicated in the develop-
ment of valvular heart disease.

A small open study initially suggested the efficacy of sibutramine in
BED (25). In this study, 10 obese patients with BED were treated with
15mg/day of sibutramine for 12 weeks. Seven patients concluded the trial
and evidenced a complete remission of binge eating as well as a reduction
of body weight. These positive results led to a randomized controlled trial
comparing sibutramine 15mg/day with placebo in 60 obese patients with
BED (26). The authors reported that sibutramine was more effective than
placebo in primary and secondary outcome measures. The improvement
in binge eating frequency was associated with a significant and important
reduction in body weight as well as a concurrent decrease in depressive
symptoms. The drug appeared safe in this population. The most common
adverse effects (dry mouth and constipation) were mild and benign. The
effects of sibutramine in BED addressed the three main aspects of the syn-
drome: disturbed eating behavior, body weight, and associated depressive
symptoms.

It is important to mention that this drug may have a selective effect on
binge eating behavior. Mitchell et al. (53) investigated the effects of sibutra-
mine on binge eating behavior, hunger, and satiety in seven adult subjects
who had problems with binge eating in a human feeding laboratory para-
digm by using a randomized controlled cross-over study design. The authors
found a significant difference in the number of kilocalories consumed
between the sibutramine and placebo conditions, with a significant reduc-
tion of intake especially during binge eating episodes.

ANTICONVULSANTS

Several lines of evidence suggest that some anticonvulsants, such as topira-
mate and zonisamide, might be effective in BED:

� Some anticonvulsants have mood stabilizing properties (54). This
action may have an important impact on the mood symptoms or
impulsive features that may be associated with BED (55).

� Some anticonvulsants have been associated with anorexia and
weight loss in epilepsy clinical trials (56–58).
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� Some anticonvulsants have been investigated in obesity and BN
(59–61).

Although phenythoyn and carbamazepine have been studied in binge
eating syndromes (compulsive eating and BN), their adverse effects of weight
gain have limited their use in obese binge eaters (62–64). Recently, there is an
increasing interest about the usefulness of topiramate in BED. Topiramate is
a broad spectrum neurotherapeutic agent that has been approved for use in
many countries in epilepsy in children and adults and, in some countries, for
the prophylaxis of migraine. Its mechanism of action is not fully understood,
but the drug is known to enhance c-amino butyric acid activity, block
voltage-dependent Naþ channels, antagonize kainate/AMPA glutamate
receptors, and to inhibit carbonic anhydrase (65). Topiramate has shown
positive results in BN and BED. Shapira et al. (27), in a clinical case series
evaluated 13 patients with BED associated with mood disorders. The authors
found that adjunctive topiramate was associated with a reduction in binge
episodes and body weight. Evidence that topiramate could act in BED inde-
pendently of its action in mood disorders came from a case report and an
open study (28,29). In this study, eight obese women with BED without psy-
chiatric comorbidity were treated with 150mg/day of topiramate. Doses of
topiramate were gradually increased in order to reduce central nervous
system side effects. Four out of six patients who concluded the study
obtained a complete remission of binge eating and the other two had an
important reduction in binge eating associated with weight loss. The most
frequent adverse effects (paresthesia, sleepiness, and fatigue) were transient
and disappeared with the final dose. Mc Elroy et al. (30) confirmed these
findings in a double-blind, placebo-controlled study in 61 obese patients with
BED. Topiramate was associated with an important and significant decrease
of binge eating, body weight, and related psychopathological symptoms. The
average dose of topiramate was 213 mg/day. Topiramate in this study, how-
ever, was associated with a higher incidence of adverse effects, possibly due
to the rapid dose escalation regimen and high dose used.

Considering the lack of data about long-term drug treatments in BED,
a very welcome contribution in this area was recently presented. To assess
the long-term usefulness of topiramate, McElroy et al. (31) conducted an
open label extension of the above mentioned double-blind trial. In this
extension study, 35 completers of the 61 patients from de double-blind phase
entered in a 42-week open trial with topiramate (median dose of 250mg/
day). The authors reported that subjects who received topiramate during
the double-blind and open extension showed a maintained reduction in
binge eating frequency and weight. Likewise, subjects who received placebo
during double-blind period showed a reduction of the same parameters in
the open phase. In addition, the authors reported a high discontinuation
rate with this agent. The most common reasons for topiramate discontinua-
tion were protocol nonadherence, and adverse events.
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Zonisamide is an anticonvulsant that has serotoninergic and dopami-
nergic activity in addition to its antagonistic effects on sodium and calcium
channels. It has been associated with weight loss in clinical trials for seizure
disorders (66). A preliminary, short-term, randomized double-blind,
placebo-controlled study suggested its efficacy in promoting weight loss in
obese individuals without comorbid neuropsychiatric conditions (60). In a
12-week, open trial of 15 patients with BED, zonisamide was effective in
reducing binge eating frequency and body weight (32). Although it was gen-
erally well tolerated, one patient developed a serious renal adverse event
(nephrolithiasis with hydronephrosis and pyelonephritis) during zonisamide
treatment.

OTHER AGENTS

In general, one might expect that interventions specially designed for BN or
obesity may have a therapeutic effect in binge eating syndromes. In line with
this idea, agents such as ondansetron, bupropion, and inositol may be useful
in the treatment of binge eaters. Although none of these drugs can be cur-
rently recommended for routine use without additional controlled studies,
available data on their use in syndromes with binge eating and/or obesity
are reviewed further.

A randomized controlled trial compared ondansetron—a peripheral
inhibitor of 5-HT3 receptors used for the treatment of nausea induced by
antineoplastics—with placebo, during four weeks in 29 patients with BN
(67). Patients treated with ondansetron showed a 50% reduction in binge
frequency and a 33% increase in meals not followed by purging. The
decrease in binge eating and vomiting with ondansetron was not associated
with compensatory eating behaviors. Ondansetron appeared to normalize
the physiological mechanisms controlling meal termination and satiation.
Considering that binge eating and vomiting produce intense stimulation
of vagal afferent fibers and that ondansetron and other 5-HT3 antagonists
decrease afferent vagal activity, the authors hypothesized that the symptom
improvement observed with ondansetron may have resulted from a pharma-
cological correction of abnormal vagal neurotransmission.

Bupropion is currently approved for the treatment of major depression
and for smoking cessation (68). In general, it increases norepinephrine turn-
over and, to a lesser extent, blocks the reuptake of dopamine. Such effects
on central nervous system norepinephrine and dopamine neurotransmission
have hypothesized to contribute to the drug’s weight loss properties (69).
Two randomized controlled trials with bupropion have assessed its short-
and long-term efficacy in obesity (70,71). Both studies showed that the
use of bupropion in obese patients is associated with a moderate weight loss,
which was maintained with treatment continuation. Additionally, in the
field of eating disorders, bupropion was studied by Horne et al. (72) in a
placebo-controlled, double-blind study in 81 patients with BN. The drug
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was significantly superior to placebo in reducing episodes of binge eating
and purging. However, because there was a higher than expected frequency
of seizures in the BN patients receiving bupropion, concerns persist about
the safety profile of bupropion in patients with BN or anorexia nervosa.

Inositol is a precursor of the phosphatidylinositol system, an important
intracellular secondary messenger system. There is some evidence suggesting
its effectiveness in depression (73). The therapeutic value of inositol in
patients with BN and BED was investigated by Gelber et al. (74) in a double-
blind, cross-over, placebo-controlled trial with 20 patients. Results were
based on 12 completers who showed significant effects of inositol in reducing
severity of binge eating as assessed by a visual analog scale. However, the
high dropout rate observed in this study and the small number of patients
with BED in the completers, make these results difficult to interpret.

Lithium, a mood stabilizer used in the treatment of bipolar disorder,
should also be mentioned. Bipolar disorder can be associated with BN
and BED in some cases (75). Shisslak et al. (76) reported a case of a bulimic
patient with manic symptoms who was successfully treated with lithium. In
a randomized double-blind placebo-controlled study, lithium did not sepa-
rate from placebo in BN, but this trial was difficult to interpret because of
the high response to placebo (77).

COMBINED TREATMENT

Combining pharmacological agents with psychological and/or nutritional
interventions is a strategy frequently used in treating patients with eating
disorders. In theory, the use of a medication as an adjunct to psychotherapy
may improve the efficacy of each single approach. In line with this, a recent
meta analysis suggested that antidepressants plus cognitive-behavior
therapy was superior to medication alone for patients with BN (78).
Although combined treatment has also received increasing attention in
BED, it has not yet been widely studied. Available clinical trials assessing
the usefulness of combined treatment in BED suggest that combining
medication does not necessarily add much to the effectiveness of CBT in
reducing binge eating behavior. However, adding antidepressants appears
to enhance weight loss beyond the effects of the psychotherapy (79).

An initial study investigated the usefulness of fluoxetine in the long-term
treatment of obesity (with and without binge eating syndrome) (80). In this
trial, 45 obese subjects received behavior modification strategies and were ran-
domized to fluoxetine (60mg/day) or placebo for 52 weeks. The authors
reported that patients treated with fluoxetine plus behavior modification lost
significantly more weight than those in the comparison group. However, the
drug did not appear to bring any benefit for binge eaters. In another study,
patients who had completed three months of group CBT received either desi-
pramine openly plus weight loss management or weight management alone
(81). Despite desipramine appearing to have no impact on binge eating during
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or after treatment, drug-treated patients showed greater weight loss at follow-
up. Devlin et al. (82) studied the addition of fluoxetine and phentermine to
individual CBT in an open trial of 16 obese women with BED. It was observed
that at the end of 20 weeks of active treatment, patients showed a reduction in
binge frequency, weight, and psychological distress, although they regained
much of the lost weight within a year.

To assess whether adding imipramine to dietary counseling and psycho-
logical support had an effect on BED, Laederach-Hofmann et al. (83) rando-
mized 31 obese binge eaters (mean BMI 39.5 kg/m2) according to DSM-IV
criteria to either adjunctive imipramine (n¼ 15) or placebo (n¼ 16) for eight
weeks. Patients were followed during a six months medication-free period
with diet counseling and support. Dietary counseling plus imipramine pro-
duced a decrease in binge frequency from approximately 7.1–2.8 binge epi-
sodes per week and a mean weight loss of 2.2 kg; dietary counseling plus
placebo decreased binge frequency from 7.1 to 5.4 binges per week and
induced a mean weight gain of 0.2 kg. Both treatments led to an improvement
in depressive symptoms.

Rica et al. (84) found that the addition of fluoxetine to CBT does not
seem to provide any clear advantages, while the addition of fluvoxamine
could enhance the effects of CBT on eating behaviors. In addition, the mod-
ifications of eating behaviors were maintained at the one year follow-up,
although the lost weight was partially regained.

AUGMENTATION STRATEGIES

Most clinicians have the general hope that their patients will respond to a
single drug. However, for the majority of psychiatric diagnoses, response
to monotherapy may be considered the exception and not the rule.
Although polypharmacy should be used judiciously, some patients with
BED may require combination treatment with different classes of agents.
Unfortunately, there is a lack of information about combination pharma-
cotherapy in the treatment of BED. Indeed, only three open reports
discuss this strategy in obese patients with disturbed eating behaviors
(47,85,86). First, the addition of natrexone to fluoxetine reduced binge
eating frequency in an adolescent with BED associated with severe major
depression (47). Subsequently, Schmidt do Prado-Lima et al. (85) reported
remission of binge eating, decrease in BMI, and improvement in depres-
sion with the combination of venlafaxine and topiramate in an obese
patient with BED, major depression, and borderline personality disorder.
Lastly, an observational study conducted by Anghelescu et. al. (86) in five
obese patients suggested that the combination of sibutramine, orlistat, and
topiramate might have positive therapeutic effects. Patients showed a
mean weight loss of 31.2 kg at the end of 96 weeks of treatment along with
normalization of eating patterns, expressed as a reduction on the Three-
Factor Eating Questionnaire.
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COMMENTS

Evidence-based medicine implies that clinical practice should be grounded
in rigorous scientific information. In terms of drug therapy, randomized pla-
cebo-controlled trials represent the top of a hierarchic classification of evi-
dence, followed by open reports. When pharmacotherapy is selected for a
patient with BED, the choice of which medication to use should consider
such evidence-based principles.

A general overview of the response rates reported in controlled
pharmacological studies of BED indicate that drug treatment is usually asso-
ciated with positive effects on binge eating frequency and weight outcomes
(Figs. 1 and 2) (19–22,24,26,30). Unfortunately, final conclusions about com-
parative effects of different drugs could only be estimated using more specific
meta-analytical techniques. However, the similar methodology used in recent
BED clinical trials facilitates comparisons across different studies.

As estimated by Carter et al. (39), the drug-placebo difference in
percentage of patients with remission of binge eating at endpoint for SSRIs
in BED was 20.2 % (19–22). In terms of body weight outcomes, the drug-
placebo differences observed in weight change with SSRIs (Fig. 2) was
�4.6 kg with fluoxetine, �1.7 kg with fluvoxamine, �4.4 kg with sertraline,
and �2.3 with citalopram (19–22). As seen in Figure 1, the mean difference
in the sibutramine study in the number of patients with remission from binge
eating at the end of the trial was 20%, similar to that observed with SSRIs
(26). In addition, the impressive amount of weight loss observed with this
agent (drug-placebo difference of �8.8 kg) was higher than that reported
in other BED pharmacological studies (Fig. 2). Regarding topiramate, its

Figure 1 Remission rates of binge eating episodes (%) at the end of treatment in ran-
domized controlled trials in BED. Abbreviation: BED, binge eating disorder. Source:
From Refs. 19, 20, 21, 22, 24, 26, 30.
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use was associated with a marked effect on binge eating behavior (30).
A total of 64% of topiramate-treated patients had stopped bingeing com-
pared with 30% of the placebo group (Fig. 1). Furthermore, the drug-placebo
difference in weight change for topiramate was �4.7 kg (Fig. 2).

Initial evidences suggest that antidepressants, at least in the short term,
do not add any positive impact to the efficacy of psychotherapy on binge
eating frequency but may have a positive, although modest, impact on weight
loss. Until now, the usefulness of combined treatments of psychotherapy
with new agents, such as sibutramine and topiramate has not been ade-
quately addressed. Since these agents have been associated with possibly
greater effects on the behavioral and somatic domains of BED, the combina-
tion of sibutramine or topiramate with psychotherapeutic or nutritional
treatments might improve the clinical benefits of these interventions. At last,
the possible advantage of drug augmentation strategies for patients with
BED has not been systematically investigated so far. Nevertheless, the asso-
ciation of fluoxetine and naltrexone, topiramate and venlafaxine, as well as
orlistat plus sibutramine and topiramate have been described as useful phar-
macological combinations to treat refractory BED patients, who often have
complicating factors such as comorbid conditions.

CONCLUSIONS

In summary, the pharmacotherapy of binge eating is still at an early stage of
development. Overall, the analysis of available evidences suggests that there
are at least three classes of drugs with potential use in BED treatment: anti-
depressants, centrally-active antiobesity agents, and anticonvulsants with
weight loss properties. SSRIs remains the best studied class of antidepressants

Figure 2 Weight change (kg) at the end of treatment in randomized controlled trials
in BED. Abbreviation: BED, binge eating disorder. Source: From Refs. 19, 20, 21, 22,
24, 26, 30.
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in BED. The use of SSRIs in BED has been associated with a modest but clini-
cally significant effect on binge eating behavior and a modest and variable
weight loss. Sibutramine is an anti-obesity agent that has been shown effica-
cious in the treatment of BED. It reduces binge eating behavior, promotes a
marked weight loss, and may reduce associated depressive symptoms. Topir-
amate is another promising agent in BED pharmacological treatment, with an
important impact on eating related psychopathology and body weight.
Further studies are needed to address several questions about the pharma-
cotherapy of BED, such as the optimal medication or medications, the most
appropriate of dose and duration of treatment, as well as, the role and effect
of combined treatments (medication plus psychotherapy, medication plus
nutritional guidance, and combination pharmacotherapy).
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INTRODUCTION

Overweight and obesity are the most common nutritional disorders in the
United States (1). Over the past two decades, there has been an epidemic rise
in self-reported overweight (body mass index, BMI >25 kg/m2) and obesity
(BMI >30 kg/m2) prevalence (2,3). Moreover, the prevalence of obesity in
child and adolescent populations has almost tripled since 1970 (4). The med-
ical complications of overweight and obesity are well established and include
osteoarthritis, type II diabetes mellitus, cardiovascular disease, and some
forms of cancer (5). Many of these foregoing maladies are relatively more
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common in some psychiatric populations (6–9). The etiology of overweight
and obesity is multifactorial and includes many factors that are potentially
modifiable with behavioral and preventative treatment strategies (10).

Investigations, both cross-sectional and longitudinal, describing body
mass distribution and overweight trends in psychiatric populations indicate
that subgroups of patients (e.g., schizophrenia, bipolar disorder) are at risk
for overweight and associated morbidity (11,12). Preliminary results from
body-composition studies further indicate that abdominal obesity, an inde-
pendent risk factor for obesity-related morbidity, may also be more common
in some psychiatric subgroups (13). Myriad etiological factors are unique
to these persons including the frequent use of weight-gain promoting psycho-
tropic medications (14).

Weight gain associated with a number of psychotropic medications is a
serious problematic adverse event; it may predispose and portend iatrogenic
morbidity (e.g., hypertension, type II diabetes mellitus), further belies medi-
cation acceptability, and it is axiomatic that it adversely affects self-esteem
and overall quality of life (15).

Berken et al. (16) reported that concern about weight gain was a cited
reason for noncompliance in up to 48% of patients receiving tricyclic
antidepressants (TCAs) therapy. Weiden et al. (17) surveyed schizophrenic
members of the National Alliance of the Mental III (NAMI) and National
Mental Health Association (NMHA) (n¼ 304) regarding the impact of
obesity and weight on compliance with medications. Respondents with
BMI in the obese range were most likely to report stopping their medication;
those in the overweight range had intermediate compliance rates, which
were better than the obese respondents but poorer than the normal weight
respondents (p¼ 0.029). It is unsurprising that weight gain was additionally
associated with subjective distress taking medication.

The influence of weight gain on adherence is further underscored by
results from a recent investigation of females with type I diabetes mellitus.
The possibility of treatment-associated weight gain was a powerful detractor
to treatment, accounting for more than half of the occasions in which insulin
was deliberately omitted. The interruption of insulin treatment in these
patients was associated with the progression of diabetic retinopathy and
nephropathy (18).

This chapter will review extant published studies describing weight gain
associatedwith three of themost commonly prescribed classes of psychotropic
medications: conventional unimodal antidepressants, mood stabilizers/
AEDs, and antipsychotics. The absolute and relative weight-gain liability for
each class of agents will be presented alongside a review of putative weight gain
promoting mechanisms and possible avenues for prevention and treatment.

We conducted a MedLine search of all English language articles 1966–
2004 using the keywords: overweight, obesity, bodymass index, schizophrenia,
psychosis, psychotic disorders, bipolar disorder, major depressive disorder,
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conventional antipsychotics (CAP), atypical antipsychotics (AAs), clozapine,
olanzapine, risperidone, quetiapine, ziprasidone, aripiprazole, mood stabili-
zers, lithium, antiepileptic drugs (AEDs), lamotrigine, gabapentin, topiramate,
zonisamide, levetiracetam, oxcarbazepine (OXC), carbamazepine (CBZ)dival-
proex, valproate, antidepressants selective serotonin reuptake inhibitors,
(SSRIs), fluoxetine, paroxetine, fluvoxamine, sertraline, citalopram, escitalo-
pram, venlafaxine, nefazodone, bupropion, duloxetine, mirtazapine,
monoamine oxidase inhibitors (MAOIs), phenelzine, tranylcypromine, isocar-
boxazid, reversible inhibitors of monoamine (RIMA) oxidase, moclobemide,
brofaromine, TCAs, desipramine, imiprarnine, nortriptyline, amitriptyline,
diabetes mellitus, and glucose homeostasis. The search was supplemented with
manual review of relevant references. Priority was given to randomized con-
trolled data, when unavailable; studies of sufficient sample size are presented.

MEDICATION-ASSOCIATED WEIGHT GAIN: LIABILITY

Hitherto, psychotropic medication-associated weight gain has not been sys-
tematically investigated, monitored, or reported by clinician and/or research-
ers. The rigor in which much of the available weight-change data have been
acquired and presented in psychiatric populations is paltry and consequently
difficult to interpret. For example, rarely have investigations methodologi-
cally and statistically controlled for relevant sociodemography, dietary habits,
comorbidity (e.g., binge eating disorder, hypothyroidism), patient behavior
(e.g., inactivity, smoking), family history, premorbid weight status, illness-
associated weight change, body composition, and concomitant treatment
effects. Anthropometric indices most relevant to practitioners, the proportion
of patients exhibiting categorical changes in body weight (e.g., >7–10%),
premorbid-posttreatment, and pretreatment–posttreatment changes in BMI,
waist-to-hip ratio (WHR), and body composition are less frequently reported.
The translational value of psychotropic-associated weight change, presented
as an isolated outcome variable, is thus limited and potentially misleading.
With these limitations in mind, data from extant studies will be presented
emphasizing results from controlled investigations when available.

Antidepressants

Antidepressant-associated weight gain is described with both acute and
long-term treatment. Taken together, TCAs and nonselective irreversible
MAOIs, are more likely to impart weight gain than the currently available
contemporary antidepressants (i.e., SSRIs, venlafaxine, duloxetine, nefazo-
done, moclobemide, or bupropion) (19). It has been consistently reported
that mirtazapine’s weight-gain liability is approximately midway between
the liability ascribed to the SSRIs and TCAs (Table 1).
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TCAs

TCAs exhibit multireceptor in vitro affinities and variably recruit and
engage serotonin and norepinephrine systems. Commonly reported adverse
events with TCAs (e.g., dry mouth, orthostatic hypotension, and weight
gain) are pharmacodynamically associated with their affinity for muscarinic
cholinergic, noradrenergic, and histaminergic receptors, respectively (20,21).

Weight gain is a frequently reported adverse event following short- and
long-term treatment with TCAs, with amitriptyline being the most notable
offender (22,23). Cumulative weight gain with maintenance TCA therapy
has been described with several agents. For example, Fernstrom et al. (24)
reported that up to 15% of imipramine-treated depressed patients had a
weight gain >10 lb after 16 weeks of treatment. It has been estimated that
up to 13% of patients treated with imipramine for an average of 33 weeks
had a 10% increase or more in overall bodyweight (25). Garland et al. (26)
further reported that TCA-treated patients can expect to gain approximately
0.5–1.4 kg/mo of maintenance TCA therapy (16).

MAOIs

MAOIs indirectly increase synaptic availability of monoamines by inhibiting
their catabolism. As a class of agents, they irreversibly inhibit both monoa-
mine oxidase A and B. Commonly reported adverse events with MAOIs
are insomnia, headaches, nausea, and edema. Change in appetite, dietary
habits, and edema may be etiologically relevant to weight gain associated
with these agents (27).

It has been consistently reported that MAOI therapy is associated with
clinically significant weight gain with greater liability with phenelzine versus

Table 1 Short- and Long-Term Weight Gain Liability with Available
Antidepressants

Antidepressants Weight gain liability

TCAs þþþþ
MAOIs þþþþ
RIMAs 0/�
SSRIs þ/�
Bupropion 0/�
Venlafaxine 0/�
Duloxetine 0/�
Nefazodone 0/�
Mirtazapine þþ

Abbreviations: TCAs, tricyclic antidepressants; MAOIs, monoamine oxidase

inhibitors; SSRIs, selective serotonin reuptake inhibitors.
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other MAOIs (e.g., tranylcypromine, isocarboxazid). The RIMAs (e.g.,
moclobemide, brofaromine) are associated with less relative short-term
weight gain than most TCAs and MAOIs (27,28). For example, in a six-
week study of depressed patients, weight gain was observed in up to 2.6% of
moclobemide-treated patients versus 21.6% of patients treated with mapro-
tiline (29). In a larger maintenance study (n¼ l120) in depressed patients,
moclobemide treatment was associated with significant weight gain (�10 kg)
in a relatively small percentage of patients (1.4%) (30).

SSRIs

The SSRIs have unequivocally advanced the pharmacotherapy of mood
and anxiety disorders offering patients improved safety, tolerability, and sim-
plicity of dosing when compared to their therapeutic predecessors (31).
Although classified together, these agents are heterogeneous in their pharma-
codynamic, tolerability, and safety profile (32). All SSRIs variably block the
serotonin transporter, increasing the synaptic availability of the well-
established satiety factor, serotonin (33). Serotonin and its multiple receptors
comprise the most studied neurotransmitter system in appetite, feeding
behavior, and metabolism (34).

Investigations examining the bariatric potential of fluoxetine in
nondepressed obese patients have consistently reported a transient weight-
reducing effect (35). Moreover, fluoxetine treatment (and some other SSRIs)
has a favorable influence on abnormal eating patterns and associated psycho-
pathology in patients with eating disorders, including binge eating disorder
(36,37).

In samples of depressed patients, SSRI treatment is reported to be
weight neutral or weight-loss promoting in short-term studies (�8 weeks)
(38–41). Longer term investigations (�6 months) describing weight change
with SSRI therapy are also available. Fava et al. (42) reported mean changes
in body weight from baseline to endpoint for up to 26–32 weeks of treatment
with sertraline, fluoxetine, and paroxetine. When weight gain was defined as
�7% increase in bodyweight, variable weight gain liability was reported
(4.2% sertraline, 6.8% fluoxetine, and 25.5% paroxetine, p¼ 0.016). The
interpretation of this investigation’s results would have been benefited by
the presence of a placebo-treated group.

Michelson et al. (41) described the weight gain trajectory in depressed
patients receiving fluoxetine (20mg/day) in a 50-week placebo-controlled
study. A mean weight reduction of 0.4 kg/patient over the first four weeks
of treatment was associated with fluoxetine treatment. Throughout this
study until endpoint (week 50), an inexorable increase in weight was noted
in both the intervention and the non-intervention group with no between
group differences noted in study completers. Fluoxetine-associated weight
gain in this study was associated with improvement in appetite in recovered
depressed patients (43).
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Novel Antidepressants

Nefazodone is a serotonin reuptake inhibitor and an antagonist at 5-HT2A

receptors. A metabolite of nefazodone, m-Chlorophenylpiperazine (m-CPP)
is an agonist at the 5-HT2C receptor, a pharmacodynamic profile predictive
of anorexia and weight loss.

Nefazodone appears to be weight neutral in both short- and long-term
treatment studies. For example, in a 36-week continuation study, nefazodone-
treated patients exhibited weight gain comparable to placebo (7.6% vs. 8.6%,
respectively, p¼ ns) (44). A retrospective analysis pooling data from six
maintenance studies was completed comparing nefazodone with fluoxetine,
sertraline, and paroxetine. Clinically significant weight gain (�7% body
weight increase) was reported in 9% of nefazodone-treated patients and
18% of the SSRI-treated patients, a trend that did not reach statistical
significance (45).

Bupropion, pharmacodynamically similar to the appetite suppressant
diethylpropion, blocks the reuptake of norepinephrine and, to a lesser extent,
dopamine. Bupropion has consistently been described as weight neutral and/
or promoting weight loss in studies of variable duration. For example, an
open-label eight-week study, followed by a 44-week placebo substitution
phase reported significant weight loss with bupropion. Weight loss was
observed after acute phase treatment (1.4 kg) with greater weight loss
reported in patients with a higher baseline BMI (46). At the end of the
double-blind phase, bupropion-treated patients experienced more absolute
weight loss (1.7–2.4 kg) than did placebo-treated patients (p< 0.001).

Venlafaxine and duloxetine are inhibitors of both serotonin and
norepinephrine reuptake transporters, pharmacological properties similar
to the U.S. Food and Drug Administration (FDA)-approved bariatric
treatment, sibutramine. Both agents are reported to be weight neutral in
studies of varying duration (47–50). Goldstein et al. (48) evaluated duloxetine
in a randomized, double-blind, four-arm study in which depressed out-
patients were assigned to duloxetine 40, 80mg/day, paroxetine 20mg/day,
or placebo. Duloxetine 80mg/day resulted in a significant, albeit small,
weight decrease compared with placebo (placebo þ0.47 kg; duloxetine
40mg/day þ0.02 kg; duloxetine 80mg/day �0.60 kg; paroxetine 20mg/day
þ0.41 kg; duloxetine 80mg/day vs. placebo, p< 0.01).

Mirtazapine’s mechanism of action is related to the enhancement of
noradrenergic and serotonergic neurotransmission primarily via a2 hetero-
receptor (and autoreceptor) antagonism. Mirtazapine also exhibits high
in vitro affinity for histaminergic (H1) receptor populations, which portends
liability for treatment-associated sedation and weight gain.

Thase et al. (51) evaluated the antidepressant efficacy and tolerability
of mirtazapine across 40 weeks of therapy in a double-blind, placebo-
controlled trial in remitted depressed patients (n¼ 156). The mean increase
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in weight associated with mirtazapine during the lead-in open-label phase
was 2.5 kg (5.6 lb). At the end of the double-blind phase, there was addi-
tional and clinically significant weight gain reported in the mirtazapine-
treated group (1.4 kg, p< 0.001).

Taken together, the use of erstwhile antidepressants (i.e., TCAs,
MAOIs) is associated with clinically significant weight gain. In groups of
patients, SSRIs are on average weight neutral and may promote weight
loss with short-term therapy. Notwithstanding, some patients may experi-
ence weight gain with acute SSRI therapy, and for others, short-term
weight loss is obfuscated by an inexorable return to pretreatment weight
status with maintenance treatment. The RIMAs, bupropion, venlafaxine,
duloxetine, and nefazodone are not associated with weight gain (greater
than placebo) in variable-length studies. Mirtazapine is the only recently
introduced significant weight gain versus placebo in both acute and main-
tenance studies (19).

Antipsychotics

Reports of weight gain induced by CAPs began to appear soon after these
agents became available (52,53). Doss (54) retrospectively described differ-
ential weight gain liability in 78 randomly assigned patients after 36 weeks
of conventional antipsychotic (CAP) treatment. CAPs were similarly liable
to induce weight gain in oral and depot formulations (55,56).

Allison et al. (57) meta-analyzed schizophrenia treatment trials
(n¼ 81; 18 included placebo comparison) at least 10 weeks in duration
comparing weight gain among patients using CAPs and newer AAs. A spec-
trum of weight gain liability was noted; clozapine 4.0 kg, olanzapine 3.5 kg,
thioridazine 3.5 kg, sertindole 2.9 kg, chlorpromazine 2.1 kg, risperidone
2.0 kg, and ziprasidone 0.04 kg, while placebo was associated with weight
loss (�0.44 kg). Although quetiapine was not included in this analysis, other
study results indicate its short-term weight gain liability is similar to risper-
idone (58,59). Similarly, weight gain associated with aripiprazole was consis-
tent with that reported for ziprasidone. A summary of information on
weight gain reported in the prescribing information for each of the AAs is
shown in Figure 1 and Table 2.

Short-term studies describing weight gain data supplied by manufac-
turers in U.S. package inserts indicate that all first-line AA (olanzapine,
risperidone, quetiapine, ziprasidone, aripiprazole) medications cause sub-
stantially different rates of clinically significant weight gain (as defined by
the U.S. FDA �7% compared to placebo). Aripirazole, ziprasidone, and
risperidone are associated with approximately two times the placebo inci-
dence of weight gain in short-term clinical trials, with quetiapine approxi-
mately four times, and olanzapine approximately 10 times the placebo
incidence of weight gain during short-term trials (Fig. 2) (60).
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Maintenance studies (i.e., one year) evaluating AAs weight gain liabi-
lity in schizophrenic and bipolar populations have consistently reported a
differential weight gain plateau with most overall weight gain accrued over
the first two to six months of therapy (Table 1) (60–64).

The weight gain associated with AA drugs is associated with an
increase in total body fat. Eder et al. (65) prospectively evaluated over an
observation period of eight weeks, body weight, BMI, leptin, and body com-
position in schizophrenic patients (n¼ 10) treated with olanzapine and
healthy comparison subjects (n¼ 10). Body composition was determined
every four weeks by impedance analysis. The patients gained a mean of
3.3 kg (SD¼ 2.2, p¼ 0.005). This weight gain was mainly attributable to a

Figure 1 Ninety five percent confidence intervals for weight change after 10 weeks
on standard drug doses, estimated from a random effects model.

Table 2 Short- and Long-Term Weight Gain Liability with Available
Antipsychotics

Antipsychotics Weight gain liability

High potency CAPs þ/�
Low potency conventional
antipsychotics

þþþ

Clozapine þþþþ
Olanzapine þþþ
Risperidone þþ
Quetiapine þþ
Ziprasidone þ/�
Aripiprazole þ/�

Abbreviation: CAP, conventional antipsychotic.
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significant increase in body fat, with patients gaining an estimated mean of
2.2 kg of body fat (SD¼ 2.2, p¼ 0.04). Leptin serum levels increased signifi-
cantly during olanzapine treatment but this was not correlated with body fat
increases.

Zhang et al. (66) attempted to explore the effect of initial antipsychotic
drug treatment on abdominal fat deposition and describe the increase in
body fat in relation to circulating leptin, insulin, and lipids in persons with
first-episode schizophrenia. Anthropometrics included both BMI and
WHRs while subcutaneous abdominal fat and intra-abdominal fat (IAF)
were measured with magnetic resonance imaging. Patients received treat-
ment with chlorpromazine, risperidone, and quetiapine. Significant increases
in SUB and IAF were identified after antipsychotic treatment (p< 0.001).
The increase in fat was associated with a threefold increase in leptin secre-
tion and an adverse lipid and nonfasting glucose profile.

Predicting which patients are at greater risk of weight gain with
antipsychotic treatment would be instructive. Although many variables have
been scrutinized, few (i.e., young age more at risk) are conclusive (Table 3).
This is obviously a research vista for the future.

Taken together, a spectrum of weight gain liability is reported with anti-
psychotic treatment. Low potency CAPs, and several of the newer AA are
the most notable offenders. This foregoing profile invites the need for practi-
tioners to recognize and anticipate weight gain potential with these agents
and incorporate this information into decisions regarding medication selec-
tion and patient monitoring.

Mood Stabilizers/AEDs

Although classified together, mood stabilizers and AEDs are a hetero-
geneous group of agents in their pharmacological and clinical profile. There

Figure 2 Incidence of weight gain (�7%) reported in U.S. package inserts for
short-term studies.
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is increasing interest in the application of several newer generation AEDs
for bipolar and other psychiatric disorders (e.g., bulimia nervosa, binge-
eating disorder, alcohol dependence). Differential effects on appetite, eating
behavior, and weight have been described with these agents in Table 4.

Lithium

Lithium, chemically isolated in 1817, is FDA-approved for the acute and
maintenance treatment of bipolar disorder. Weight gain has been reported
in up to two-thirds of patients receiving maintenance lithium therapy (93).
An average weight gain of approximately 10 kg (22 lb) over 10 years has
been described (94,95). Weight gain with lithium has been reported in main-
tenance placebo-controlled trials for bipolar disorder.

Bowden et al. (96) reported that an increase of �7% in body weight
occurred in 4% of patients receiving placebo, and 16% of patients receiving
lithium (23% of patients receiving divalproex).

In a 76-week maintenance study, primarily examining the efficacy of
lamotrigine to placebo, lithium-treated patients (0.8–1.0mEq/L; n¼ 121)
gained 4.2 kg, (9.3 lb) while weight loss was noted in the placebo group
[�2.2 kg (4.9 lb)]. Weight gain with lamotrigine [1.2 kg (7 lb)] was significantly
less than lithium (p¼ 0.01) and not statistically different than placebo. The
incidence of patients experiencing �7% increase in body weight, at the final
double-blind study visit was 6, 10, and 7% for the placebo, lithium, lamotri-
gine groups, respectively (97). These results were replicated in a similar com-
panion study (98).

Table 4 Short- and Long-Term Weight Gain Liability
with Available Mood Stabilizers and AED

Mood stabilizer/AED Weight gain liability

Lithium þþþ
Divalproex þþþþ
CBZ þþ
OXC þ/�
Lamotrigine 0/�
Pregabalina –
Gabapentma þþ
Topiramate 0/�
Levetiracetam 0/�
Zonisamide 0/�
aDose dependent.

Abbreviations: AED, antiepileptic drug; CBZ, carbamazepine;

OXC, oxcarbazepine.
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Tohen et al. (99) compared weight gain in a lithium versus olanzapine
one-year maintenance trial in bipolar I disorder (n¼ 532). Prior to randomi-
zation, patients were treated open-label with a combination of olanzapine
and lithium for 6–12 weeks, and a mean weight gain of 3 kg. During the
blinded monotherapy maintenance phase of the trial, patients assigned to
the olanzapine arm experience statistically significant higher mean weight
gain (þ2 kg) compared with patients receiving lithium (�1 kg). In addition,
a significantly larger proportion of patients receiving olanzapine (30%)
gained �7% of baseline body weight compared with patients receiving
lithium (10%). Similarly, fewer patients receiving olanzapine (9%) experi-
enced a weight loss of �7% baseline body weight compared with patients
receiving lithium (19%).

Lithium exerts an insulin-like activity on carbohydrate metabolism in
some patients which may promote glucose absorption into the adipocytes.
Moreover, lithium exerts a direct appetite and thirst stimulating effects,
and is associated with both edema and hypothyroidism. One or more
of these mechanisms may be salient to lithium-associated weight gain
(100–102). Variables associated with lithium weight gain are concomitant
medications, age, gender, adipocyte number, duration of treatment, dose,
and thirst (103).

Valproic Acid

Valproate was first synthesized by the United States chemist Burton as an
organic solvent in 1881 (104). Its simple short-chain branched fatty acid che-
mical structure differs significantly from other AEDs such as phenytoin,
CBZ, and phenobarbital. Valproate affects cortical hyperexcitability by
both increasing inhibition through raising the levels of c-aminobutyric acid
(GABA), the inhibitory neurotransmitter, and decreasing neuronal excita-
bility by lowering the concentration of glutamate, the major excitatory
neurotransmitter (105). Valproate has been shown to inhibit mitochondrial
b-oxidation which could interfere with energy utilization (106).

Valproic acid is associated with clinically significant weight gain in
both pediatric and adult populations. Moreover, valproic acid treatment
may also be associated with changes in the metabolic and reproductive
milieu in epileptic and bipolar populations (107–109). Valproic acid-asso-
ciated weight gain of varying amounts (3–24 lb) over periods of up to one
year have been described (110). It is further estimated that approximately
8.0–59% of patients receiving valproate can expect to gain between 8 and
14 kg (17.6–30.8 lb) up to 15–20 kg (33–44 lb) (95,103). Valproic acid-
associated weight gain may be more common in men and with lengthier
treatment exposure (11).

Bowden et al. (96) reported that a gain of �7% body weight occurred
in 4% of patients receiving placebo, 16% receiving lithium, and 23% treated
with divalproex. Higher weight gain was associated with higher plasma
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levels of valproate. In this one-year study, higher serum levels of valproate,
especially above 125 g/mL were associated with weight gain.

Tohen et al. (112) compared flexibly dosed olanzapine (5–20mg/day)
to divalproex (500–2500mg/day) as prophylactic treatment for of bipolar
patients (N¼ 251) in a randomized, double-blind trial. The patients in the
olanzapine group had a significantly greater mean weight gain than those
in the divalproex group 2.79 kg (SE¼ 0.32) versus 1.22 kg (SE¼ 0.32)
( p< 0.001). Weight gain was significantly greater for the olanzapine patients
from day 3 through week 15, inclusive; however, from weeks 19 through 47,
there were no significant differences between groups in weight gain from
baseline.

CBZ

CBZ has a tricyclic structure, with some GABAergic and antiglutamatergic
effects that may not be as marked as some of its other multiple cellular and
intracellular actions (4,5,33–35). CBZ has a ‘‘sedating’’ profile yielding som-
nolence, fatigue, and antimanic, and more modest antidepressant effects
(36,37,113). CBZ has been associated with weight gain, perhaps by increas-
ing appetite or by fluid retention from inappropriate secretion of antidiure-
tic hormone.

Randomized controlled trials (RCT) employing CBZ have confirmed
its weight gain potential. Mattson et al. (114–116) reported weight gain
(defined as > 5.5 kg) in up to 8% of epileptic patients receiving maintenance
carbamazepme, compared with 20% of those receiving valproate. Joffe et al.
(117) reported weight change in a small (n¼ 24) placebo-controlled study in
patients with bipolar disorder. On average, CBZ-treated patients gained
more weight (2 kg) than placebo-treated patients. The propensity for weight
gain with CBZ was most notable in patients in the depressed phase.

Ketter et al. (118) evaluated patients with DSM-IV-defined bipolar dis-
order (n¼ 94), most recent episode manic/mixed, as part of an open-label
extension phase of two double-blind placebo-controlled studies. Patients
received beaded extended-release CBZ (200–1600mg/day; mean dose
938mg/day). No patient completing the study had clinically significant weight
gain (�7%) and the mean percentage in weight change from day one to month
six was minimal (0.7%) (118).

OXC is a 10-keto derivative of CBZ with an improved tolerability and
safety profile compared to its congener (i.e., CBZ). Rattya et al. (119) evalu-
ated 77 epileptic females (aged 8–18) receiving valproate (n¼ 40), CBZ
(n¼ 19), andOXC (n¼ 18) and 49 healthy control girls examining longitudinal
growth analysis from the age of one year. It was determined that no antiepilep-
tic thwarted linear growth or pubertal development in girls with epilepsy. The
weight of the girls receiving CBZ or OXC was similar to that of the control
girls. However, the patients taking valproate gained significant weight, with
a particular increase in those who started their medication before puberty.
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At clinical examination, the BMI of valproate-treated girls (19.8� 4.8 kg/m2)
was significantly higher than controls (18.0� 2.5 kg/m2) ( p< 0.03).

Lamotrigine

Lamotrigine, derived from pyrimethamine, is a member of the phenyltriazine
class of agents. Lamotrigine acts at voltage-sensitive sodium channels to stabi-
lize neuronalmembranes and inhibit transmitter release, principally glutamate.
A recent review of published studies (n¼ 32) with lamotrigine confirm its
weight neutrality (120). In this review most treated patients (n¼ 463) received
lamotrigine as a concomitant therapy; the mean change in body weight was
0.4� 5.0 kg (0.9� 11.1 lb) in women and 0.6� 5.0 kg (1.3� 11.1 lb).

Biton et al. (121) compared the incidence and magnitude of change in
body weight associated with lamotrigine (n¼ 65) or divalproex (n¼ 68)
monotherapy in patients with epilepsy. Patients were treated in a randomized,
double-blind study, with an eight-week escalation stage, followed by a 24-
week maintenance phase. Weight remained stable among lamotrigine- treated
patients, while significant weight gain was observed in valproate treated
patients within 10 weeks of initiation with treatment. At the end of 32 weeks,
the mean weight gain among valproate-treated patients (12.8� 9.3 lb) was sig-
nificantly higher than that for lamotrigine-treated patients (1.3� 11.9 lb).
Clinically relevant weight gain (�8.8 lb or >10%) compared with baseline
weight, was more commonly observed in valproate-treated patients (28/45
62%) than lamotrigine-treated patients (6/50 12%). No significant predictors
of weight gain were noticed.

In a six-month relapse prevention study in patients with rapid-cycling
bipolar disorder (n¼ 182), there was no significant difference in mean weight
change between patients completing the trial who received lamotrigine
(1.1 kg) versus placebo (�0.3 kg) (122). Weight gain described with lamo-
trigine in two similarly designed 18-month maintenance studies in bipolar
disorder was reported earlier (97,98).

Topiramate

Topiramate is a structurally and pharmacologically novel AED with proven
anticonvulsant efficacy in refractory partial epilepsy (123). Mechanisms
hypothesized to account for topiramate’s antiepileptic properties include
blockade of voltage-gated sodium channels, antagonism of the kainate/
amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) subtype of
glutamate receptor, enhancement of aminobutyric acid (GABA) activity at
the GABA receptor via interaction with a nonbenzodiazepine receptor site,
and carbonic anhydrase inhibition (124).

Weight loss and anorexia are frequently reported adverse events with
topiramate. Data procured from epilepsy studies indicate that weight loss is
typically observed in the first three months and continues for up to 18 months
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of treatment (125). Weight loss with topiramate is greater at higher doses in
women and persons with high baseline BMI (126).

Similar weight loss data have been reported for topiramate-treated
bipolar patients (127–129). McElroy et al. (130) explored the spectrum of
effectiveness and tolerability of open-label naturalistic topiramate treatment
in bipolar outpatients (n¼ 56) in the Stanley Foundation Bipolar Outcome
Network. The average weight loss in the group was 1.5 lb at four weeks,
3.5 lb at 10 weeks, 10.3 lb at six months, and 13.6 lb at one year; an average
decrease in BMI for the group was 0.9 at four weeks, 1.6 at six months,
and 2.2 at one year. Several investigations demonstrated that topiramate
reduced fat deposition in animals by reducing fat intake and stimulating
energy expenditure (i.e., thermogenesis), perhaps via increased transcription
of uncoupling proteins (UCPs) (131,132).

Gabapentin

Gabapentin is a novel anticonvulsant agent with multiple pharmacological
actions including an interaction with the system 1-amino acid transporter,
an increase of GABA synthesis and alteration of GABA release, high
affinity binding to the [alpha]2 delta subunit of voltage-activated calcium
channels, inhibition of voltage-activated sodium channels, alteration of
monoamine neurotransmitter release, and blood serotonin levels (133–135).

DeToledo et al. (136) described weight changes associated with chronic,
high-dose gabapentin therapy for seizure disorders. Patients (n¼ 44) received
gabapentin (minimum dosage 1800mg/day); 28 patients received more than
3000mg/day. Overall 57% of patients gained more than 5% of their baseline
bodyweight, with 10 (23%) patients gaining more than 10% of their baseline
weight. Fifteen patients gained 5–10% of baseline, 16 patients had no change,
and three patients lost 5–10% of their initial weight. Weight increase started
between the second and the third months of gabapentin treatment in most
patients and tended to stabilize after six to nine months of treatment, although
the doses of gabapentin remained unchanged. Weight gain was described
when gabapentin was prescribed as monotherapy or as adjunctive treatment.
The mean weight gain with gabapentin therapy was reported as 1.9 kg (4.2 lb)
at six months, and up to 2.9 kg (6.4 lb) after 12 months of therapy.

Frye et al. (137) reported on a comparative randomized, double-blind,
crossover, six-week monotherapy study evaluating the effectiveness of lamo-
trigine (274� 128mg) and gabapentin (3987� 856mg) monotherapy versus
placebo in refractory bipolar and unipolar mood disorders (n¼ 31). There
was a standardized blinded titration to assess clinical efficacy or to deter-
mine the maximum tolerated daily dose (lamotrigine 500mg or gabapentin
4800mg). Weight change was significantly different between the lamotrigine
(�0.96� 3.11 kg), gabapentin (1.83� 5.04kg), and placebo (�0.40� 2.97 kg)
phases (repeated measures analysis of variance, F¼ 4.015, p¼ 0.024). A pair-
wise contrast (lamotrigine vs. gabapentin, F¼ 5.884, p¼ 0.021) showed that
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patients lost weight when they received lamotrigine relative to the weight
gained when they received gabapentin (138).

Pregabalin

Pregabalin was identified after an investigation into other three-substituted
GABA analogs. It has since been shown to have a similar pharmacological
profile to gabapentin with greater potency in preclinical models of pain and
epilepsy (139). Pregabalin is a novel compound under active development
for the treatment of several anxiety disorders.

The safety and efficacy of pregabalin for the treatment of social anxiety
disorder was evaluated in a double-blind, multi-center clinical trial in which
135 patients were randomized to 10 weeks of double-blind treatment with
either pregabalin 150mg/day, pregabalin 600mg/day, or placebo. Similar
to gabapentin, pregabalin was associated with dose-dependent weight gain.
Patients receiving pregabalin 600mg/day experienced a mean weight gain
of 1.7 kg at endpoint. By comparison, patients receiving pregabalin
150mg/day had a mean weight gain of 0.6 kg, and patients receiving placebo
had a mean weight loss of 0.1 kg (140).

Zonisamide

Zonisamide’s anticonvulsant action is related to its sodium and calcium
channel (T-type) blocking activity (141,142). Zonisamide also exhibits
dose-dependent biphasic dopaminergic and serotonergic activity, a pharma-
cological profile which may bestow a weight loss effect.

Gadde et al. (143) tested zonisamide [mean dose (SE): 427mg (29)] as a
pharmacological treatment for obese adults (55 women, 5 men; BMI 36.3�
0.5; mean age 37) in a 16-week randomized, double-blind, placebo-controlled
trial with optional single-blind extension for an additional 16 weeks. The
mean (SE) absolute weight change for the zonisamide-treated group was
6.4 (0.8) kg versus 1.1 (0.4) kg for the placebo-treated group (p< 0.00l). In
the last observation carried forward (LOCF) population, 17/30 (57%), in
the zonisamide-treated group, and 3/30 (10%), in the placebo group achieved
a weight loss of �5% by week 16. Mean (SE) waist circumference decreased
more with zonisamide therapy over 16 weeks [103.5 (1.6) cm to 97.2 (1.8) cm
vs. 103.2 (1.9) cm to 100.5 (2.0) cm, p< 0.001]. During the extension phase of
the study, 10/19 of zonisamide patients, and none of the placebo patients,
lost �3% of body weight by week 32 (p< 0.001). The mean weight loss at
week 32 for the zonisamide group was 9.2 (1.7) kg, compared with 1.5
(0.7) kg with placebo (p< 0.001).

McElroy et al. (144) conducted an open-label trail of zonisamide in 15
patients with DSM-IV-TR defined binge-eating disorder. Subjects were
experiencing >3 binge eating episodes weekly, for at least the prior six
months, and were between 18 and 65 years of age. The mean (SD) daily dose
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at endpoint evaluation was 513 (102.7)mg. Most patients achieved full
remission of binge eating; the estimated weight loss at week 12 was 7.6 kg
(16.8 lb) from the time trend analysis. The observed mean weight loss for
completers at week 12 was 8.2 kg (18.1 lb).

Levetiracetam

Gidal et al. (106) analyzed the impact of adjunctive levetiracetam treatment
on body weight in epileptic patients enrolled in four, prospective, rando-
mized, placebo-controlled trials. Analysis of body weight was conducted
on data pooled from these studies. Patients (n¼ 970) included in the present
analysis were men and women greater than 16 years old, and who had leve-
tiracetam (or placebo) exposure for at least four weeks. Mean levetiracetam
dose and duration of treatment were 2053mg/day (range of 167–4000mg/
day) and 125 days (range of 29–181 days), respectively. All patients received
at least one concomitant AED including CBZ, gabapentin, lamotrigine,
phenobarbital, phenytoin, vigabatrin, and valproate.

No significant change in body weight was observed within the levetira-
cetam treatment group, including those classified as either study completers,
or those discontinued. In addition, changes in body weight were not cited as
an adverse event requiring study withdrawal for any patient. A small, yet
statistically significant increase in weight was observed for the placebo
group. Clinically significant weight change as defined as �7% change from
baseline, occurred in approximately 9% of levetiracetam-treated patients
(4.5% had increase in weight/4.5% decrease) versus 9.4% in placebo-treated
patients (5.9% had increase/3.5% decrease). Weight changes were not
significantly different between groups.

Summary

In aggregate, a spectrum of weight gain liability is reported with antidepres-
sants, antipsychotics, mood stabilizers, and AEDs. This clinically significant
weight gain associated with a number of these psychotropic medications has
few conclusive predictors; a vista for future research. Weight gain associated
with these treatments is obviously a salient issue to consider in medication
selection and surveillance.

MEDICATION-ASSOCIATED WEIGHT GAIN: MECHANISMS

Body weight is the net balance between energy intake and energy expendi-
ture (145). Energy expenditure can be further partitioned into resting energy
expenditure and activity-related expenditure (146). Heritability studies indi-
cate that up to 70% of body weight is genetically mediated; notwithstanding
the obesity epidemic over the past two decades has underscored the etio-
logical relevance of nongenetic factors (147). The regulation of energy and
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expenditure occurs centrally (e.g., increased appetite) and/or peripherally
(e.g., taste aversion or heat dissipation) (148). Of the three classes of agents
reviewed in this chapter, candidate mechanisms for AA mediated weight
gain have been the most scrutinized.

Central Mechanisms

Catecholamines

It is hypothesized that established appetite suppressants (e.g., sibutramine)
reduce weight by increasing the synaptic availability of several monoamines
in the feeding center of the lateral hypothalamus (149,150).

Dopamine receptor blockade is a common feature of all effective anti-
psychotics. The associations of weight gain with D2 blocker suggests that
dopamine neurotransmission may be of etiological relevance (151,152). For
example, a recent positron emission tomography study noted a significant rela-
tionship between obesity and decreased availability of dopamine-D2 receptors
in the striatum (153). Furthermore, centrally administered dopamine produces
a robust decrease in feeding behavior in animal models (154).

Amphetamines and other agents which increase dopamine and norepi-
nephrine neurotransmission have well-described appetite suppressant effects
(155). It is conjectured that dopamine’s effect on feeding behavior is via
activation of brain reward pathways (156).

Serotonin

Serotonin is a satiety factor integral to eating behavior (157). Enhancing
serotonin neurotransmission reduces food intake and increases energy
expenditure in humans and animals by preferentially inhibiting the ingestion
of carbohydrate versus protein or fat (158–160). The serotonin receptor
5-HT2C is a candidate receptor for medication-associated weight gain.
Tecott et al. (161) bred a 5-HT2C knockout mouse which became obese
later in life, developed laboratory evidence of the obesity syndrome (i.e.,
increased insulin and leptin), and had a propensity for seizures. Moreover,
the anorexiants m-CPP and fenfluramine are nonspecific agonists for the
5-HT2C receptor (161–163).

Many psychotropic medications directly or indirectly modulate sero-
tonin activity. Moreover, other biological systems that regulate energy intake
and expenditure are in a delicate interplay with serotonin underscoring this
monoamine as mechanistically relevant.

Histamine

Histamine has functional overlap with the adipocyte-derived hormone
leptin. Histamine-receptor populations (H1, H2, H3) mediate feeding and
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drinking behavior in rats (65). It is postulated that histamine antagonism
centrally stimulates energy intake by increasing appetite, with a resultant
positive energy balance. Medications with high in vitro affinity for histamine
receptors (e.g., low-potency CAPs, mirtazapine, TCAs, paroxetine) have
well-established effects of weight gain. Cimetidine, an H2 antagonist,
appears to reduce appetite and weight in overweight subjects and to improve
glucose control in patients with type II diabetes (164).

Wirshing et al. (165) found a robust correlation between the affinity of
AAs for the histamine receptor and antipsychotic-induced weight gain. His-
tamine receptor (H1) knock-out mice are less responsive to the anorectic
affects of leptin and are prone to obesity (166). Kroeze et al. (150) screened
17 conventional and AA drugs for binding to 12 neurotransmitter receptors.
Affinity for the H1-histamine receptor had the highest correlation with
weight gain (Spearman p¼�0.72; p< 0.01) followed by affinities for the
a-1A adrenergic (Spearman p¼�0.54; p<�0.05), 5-HT2C (Spearman
p¼�0.49; p< 0.05), and 5-HT6 receptors (Spearman p¼�0.52; p< 0.005),
whereas affinities for the eight other receptors that were screened for did not
show any significant correlation with weight gain.

Muscarinic Cholinergic Receptors

Low-potency antipsychotics, TCAs, and paroxetine exhibit affinity for mus-
carinic cholinergic receptors. The absolute affinity for muscarinic receptors
appears to have minimal correlation with antipsychotic-induced weight gain;
however, it is possible that the ratio of muscarinic and dopaminergic affinity
may predict weight gain with antipsychotic agents. For example, Yamada et
al. (167) demonstrated that mice lacking M3 receptors showed decreased
feeding behavior, had reduced weight and peripheral fat, and low levels of
leptin and insulin.

Amino Acid Neurotransmitters

Agents that positively modulate GABA neurotransmission (e.g., divalproex)
have been reported to promote weight gain, while other agents that decrease
glutamatergic function (e.g., lamotrigine, topiramate, zonisamide) are asso-
ciated with minimal weight gain or induce weight loss. For example, it has
been noted that agonists at the glutamate N-methyl-D-aspartate (NMDA)
receptor (e.g., glycine) stimulate feeding behavior in rats when infused in
the hypothalamus. It has been hypothesized that some AAs enhance GABA
function, which may alter the GABA-glutamate balance and thus foster
weight gain (168–172). Functional overlaps between amino acid neurotrans-
mitters and monoamines involved in appetite regulation (i.e., serotonin) are
reported. For example, SSRIs have been shown to have regulatory effects
on both glutamatergic and GABAergic functioning (173,174).
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Reproductive Hormones

Obesity is associated with elevated levels of androgen in females and decr-
eased levels in males. These changes (estrogen:androgen ratio) in hormonal
levels may reduce the sensitivity of satiety neurons in the lateral hypothala-
mus. Baptista et al. (175,176) have reported on the diminution of plasma
estradiol levels following acute and subacute antipsychotic administration
in women receiving antipsychotics. This group has further conjectured that
sustained hyperprolactnemia may be of etiological relevance in some case
of antipsychotic-associated weight gain via changes in estrogen:androgen
ratio. Parsing out the relevance of changes in the reproductive hormone
milieu may illuminate efforts to understand weight-gain propensity differ-
ences between genders.

Cytokines

Proinflammatory cytokines [interleukin (IL), tumor necrosis factor alpha
(TNF-a), interferon (INF)] and their soluble receptors mediate sickness
behavior, play a critical role in various metabolic, immune, and appetitive
behaviors, and further affect glucose, protein, and lipid metabolism (177).
For example, circulating levels of TNF-a and its soluble receptors are
increased in obese subjects compared with lean controls, and decrements
in these levels are seen with weight loss. Moreover, patients who gain weight
when treated with amitriptyline or nortriptyline exhibit elevations in soluble
TNF-a receptor concentrations that precede the increase in BMI. Clozapine
treatment has also been associated with changes in TNF-a, interleukin 2,
and leptin concentration (178–188).

Leptin is an adipocyte-derived hormone integral to multiple physiolo-
gical functions. Leptin acts to regulate energy intake and expenditure along
with the modulation of the neuroendocrine axis. Leptin may signal the size
of the peripheral fat storage and may trigger pubertal maturation. There is a
positive correlation between plasma levels of leptin and weight gain, BMI
and body fat percentage (189). McIntyre et al. (190) noted that plasma leptin
levels were significantly increased in a cohort of patients with bipolar disor-
der who received olanzapine or risperidone for six months. Both AA agents
imparted significant weight gain; significant increases in plasma leptin levels
were also noted after the increase in weight was observed. The secondary
rise in leptin levels following the observed weight gain suggests that leptin
increases may not be integral to weight gain initiation, but might be relevant
to further weight gain accrual (191).

Melkersson and Hulting (192,193) noted that clozapine and olanza-
pine produced predictable increases in leptin levels in persons who gained
weight on these agents. However, the sexual dimorphism that is normally
seen was not observed, mainly due to an increase of leptin levels in the
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men. These results were an extension of earlier work by the same group
which determined that there was no correlation between leptin and BMI
in patients treated with olanzapine (194).

Orexins

Orexins (hypocretins) are peptides that are expressed only in the lateral
hypothalamus and perifornical area and mediate feeding behavior. More-
over, intraventricular administration of orexin increases dopaminergic activ-
ity and activates A10 dopamine neurons. A pilot study determined that the
antipsychotics that induce the most weight gain (olanzapine, clozapine) pro-
duced a greater percentage of increase in orexin neurons expressing c-fos
protein. Although it is unknown if orexin neurons increase dopamine release
in the prefrontal cortex, it is possible that the neurobiological systems that
mediate adverse events such as weight gain may also be relevant to thera-
peutic response (195–198).

Insulin

Valproic acid-associated weight gain is paralleled by an increase in fasting
insulin and leptin levels and is known to be a possible associated adverse event
(199–201). Luef et al. (202–204) recently demonstrated that postprandial
insulin andproinsulin levels are increased in valproic acid-treatedpatients, sug-
gesting a possible modulation of pancreatic insulin secretion by valproic acid.

Fatty acids are of central importance in the development of insulin
resistance, also as signaling molecules to the nuclear peroxisome prolifera-
tor-activated receptors (PPARs). Stimulation of PPAR results in an increase
in RNA expression for leptin and TNF-a, and both of these adipocyte pro-
ducts enhance insulin resistance by interfering with the insulin-receptor cas-
cade (205). The effect of valproic acid on insulin is obviously in need of
further study.

UCPs

UCPs regulate energy expenditure through peripheral mechanisms. UCP 1, 2,
and 3 show tissue selectivity, with UCP 1 found in brown adipose tissue, UCP
2 ubiquitous in its distribution, with a preponderance in white adipose tissue,
andUCP3 found in skeletalmuscle (206).UCPs reroute protons, the products
of oxidative phosphorylation, either to storage or to be dissipated as heat.
Although the effect of psychotropic medications on UCPs has not been deli-
neated, some appetite suppressants andneurotherapeuticmolecules have been
shown to modulate uncoupling protein transcription (207–209).

For example, centrally, topiramate reduces the density of neuropeptide
Yl andY5receptors (receptors for theorexigenic neuropeptideY)while periph-
erally, topiramate has been shown to reduce leptin messenger RNA transcrip-
tion in adipose tissue and significantly increases messenger RNA forUCP-2 in
white adipose tissue. These central and peripheral affects were also noted with
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dexfenfluramine and it is hypothesized that these effects may contribute to
increase thermogenesis and energy expenditure with these agents (210).

Peroxisome Proliferator-Activated Receptor

Energy storage in adipose tissue is in part mediated by receptors on preadi-
pocytes that are called PPARs. These receptors promote the conversion of
a nonlipid-storing preadipocyte to an adipocyte. Some psychotropic medica-
tions (e.g., antipsychotics) are associated with increased fat mass; however, it
is not known if psychotropic medications have any effect on PPAR receptor
expression or mRNA availability (189).

Pharmacogenetics

Polymorphisms are variations of the DNA sequence located in regulatory,
noncodingor coding regions. Polymorphismsmayaffect the activity or confor-
mation of the encoded protein, which may be relevant to psychotropic-
associated weight gain. Pharmacogenetic studies in this area are scrutinizing
both pharmacodynamic and pharmacokinetic factors salient to weight-gain
mechanisms (211).

Pooley et al. (212) investigated the prevalence of the 5HT2C 759C/T
polymorphism in a cohort of obese women (n¼ 120) undergoing a psycho-
logical treatment for weight loss. The investigators noted that the C allele
was statistically more common in the obese group (p¼ 0.008), and that
heterozygotes lost statistically less weight than did homozygotes after 6
and 12 months ( p¼ 0.006, 0.009, respectively).

Rietschel et al. (213) evaluated four polymorphisms for the DRD4 gene
and its relationship to response and weight gain with clozapine in
German patients with DSM-IV-defmed schizophrenia (n¼ 149). No associ-
ation was detected between clozapine-associated weight gain (or any adverse
events) and DRD4 polymorphisms.

Basile et al. (211) investigated and failed to find any statistically
significant correlation between clozapine-induced weight gain in persons
with chronic schizophrenia and the 5HT2C:Cys23Ser polymorphism, and
the G1018A polymorphism of the histamine receptor H2 gene. This group
further failed to find any association between the beta-3 adrenergic receptor
polymorphism Trp64Arg and weight change. These foregoing negative find-
ings are inconclusive as the sample size may be too small for a genetic study.

Reynolds et al. (214) studied first-episode schizophrenic patients
(n¼ 123) of Chinese Han ethnicity. Most patients were treated with chlor-
promazine (n¼ 69) or risperidone (n¼ 46). They noted significantly less
(p¼ 0.0003) weight gain in patients with the -759C/T polymorphism of the
5HT2C receptor gene regulatory region.

This finding was further corroborated in a smaller group of first
episode schizophrenic patients (N¼ 32) also of Han Chinese ethnicity. It
was determined that the -759C/T polymorphism may account for up to
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18% of the variance in clozapine-associated weight gain. When results were
subsequently adjusted for gender, the -759C/T polymorphism could explain
up to 32% of the weight gain in male patients (215).

Tsai et al. (216) investigated the relationship between the 5HT2C-
759C/T polymorphism and clozapine-induced weight gain also in Han
Chinese patients with a diagnosis of schizophrenia or schizoaffective
disorder (53 men, 28 women). After four months of clozapine therapy,
patients gained a mean (SD) of 2.1 kg (4.7 kg). These researchers did not find
any association between change in BMI and the 5HT2C -759C/T genotype.

Theisen et al. (217) investigated the association between 5HT2C-
759C/T polymorphism and changes in BMI induced by clozapine treatment
in schizophrenic patients (n¼ 97). After 12 weeks of clozapine treatment,
weight gain in patients with the CC genotype was greater when compared
with those harboring a T allele, however this result did not reach statistical
significance.

Zhang et al. (218) investigated and failed to find an association
between antipsychotic-induced weight gain, the Taq1 A polymorphism of
the dopamine D2 receptor (DRD2) gene, and therapeutic response to
antipsychotic treatment in first-episode Chinese Han patients (58 males,
59 females). Moreover, Hong et al. (219) failed to find any association
between clozapine-induced weight gain and the Glu349Asp variant of the
H-1 receptor in patients with schizophrenia (N¼ 88).

Fewer pharmacogenetic studies have evaluated polymorphisms in
genes that encode for proteins involved in the metabolism of psychotropic
agents. In a preliminary study, Ellingrod et al. (220) examined the relation-
ship between CYP2D6 genotype and AA weight gain in DSM-III-R
and DSM-IV-defined schizophrenia (n¼ 11). It was determined that geno-
type was significant (p < 0.0097) for those with a �1/�3 or �4 genotype
experiencing a larger percent BMI change than those with a �1/�1
genotype. The authors hypothesize that this may be due to increased olan-
zapine concentrations leading to increased exposure, which may trigger
AAP weight gain.

Basile et al. (211) evaluated the role of the C/A polymorphism in the
first intron of the CYP1A2 gene. They genotyped 70 patients, 12 patients were
homozygous for the C allele, 35 were homozygous for the A allele, and 23
were heterozygous. The C homozygotes gained an average of 5.1� 4.1 kg,
the A homozygote gained 3.3� 4.4 kg, while the heterozygotes gained
2.9� 4.2 kg (p¼ ns).

Genetic mechanisms which presage interindividual variation and
propensity to psychotropic medication associated weight gain are recondite
and possibly associated with polymorphisms at susceptibility loci salient to
medication pharmacodynamics and pharmacokinetics. Available genetic
results examining correlation with weight gain must be regarded as prelimi-
nary and inconclusive. Further studies of adequate sample size are overdue.
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Further advances in molecular biology and high throughput DNA screening
hold promise to elucidate genetic loci relevant to weight gain liability with
psychotropic agents.

PREVENTIONAND TREATMENTOFMEDICATION-ASSOCIATED
WEIGHT GAIN

General Management

TheNational Institute of Health evidence-based guidelines invite the need for
weight loss in obese persons and in overweight persons with >2 risk factors
for obesity-related diseases. The foundation of any successful weight loss
program according to the National Heart Lung Blood Institute/National
Institute of Health (NIH) is a low calorie diet along with increased amount
of physical activity in combination with behavioral strategies under the
supervision of a health care professional.Medications for the treatment of obe-
sity are approved for use in adults who have a BMI�27 plus obesity-related
medical conditions, or a BMI�30 in the absence of any conditions (221).

Weight-reducing diets are estimated at approximately 500–1000 kcal/
day less than the patient requires to maintain current body weight (1000–
1200 kcal/day for women, 1200–1500 kcal/day for men) (222). Physical
activity is sine que non and offers additional benefit onmetabolic parameters,
subjective energy, mood state, and cognitive functioning (223). Beneficial
behavioral modifications include stress management, reward systems, self-
monitoring of caloric intake, and involvement in client-centered support
groups (224).

It is estimated that approximately 10% of body weight may be lost
over six months with successful implementation of dietary, exercise, and
behavioral modification techniques. This foregoing weight loss may appear
modest, but is sufficient to improve obesity-associated morbidity (225). For
most patients, sustaining weight loss is an insurmountable objective that
contributes to patient and health care provider disappointment and nihilism
(226,227). Pharmacotherapy has been recommended if behavioral strategies
are insufficient in achieving therapeutic objectives after six months (221).

Management of Psychiatric Populations

The principles of preventing and treating excess weight in psychiatric
populations are not dissimilar from the general population. Variables which
cluster in this population include disease related phenomenology (e.g., appe-
tite increase, cognitive impairment) comorbidity (binge-eating disorder,
alcohol abuse), adverse health behaviors (e.g., smoking), disability, low
socioeconomic status, sedentary lifestyle, consumption of high liquid carbo-
hydrate diet, and insufficient access to primary and preventative health care.
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The therapeutic objectives when treating medication-associated weight
gain are to minimize and further prevent weight gain, and reduce and sustain
weight loss in those who are categorically obese and overweight. It has been
well established that decreases of 5–10% of body weight may reduce risk for
cardiovascular disease, diabetes mellitus, and dyslipidemia.

Using the Behavioral Risk Factor Surveillance System (BRFSS),
Mokdad et al. (228) in all U.S. states in 2000 surveyed adults 18 years or
older (n¼ l84,550), revealing that only 43% of noninstitutionalized obese
persons in the general population who had received routine primary care
in the past year had been advised by health care professionals to lose weight.
It has been established that counseling patients on the topic of weight man-
agement is an effective and obviously inexpensive intervention (229).

Psychiatric patients are less likely to receive primary and preventative
health care when compared to the general population (8,230). Patient dietary
habits, eating behaviors, concomitant drug and alcohol use, and opportunis-
tic screening for obesity-associated morbidity and family medical history are
integral components of patient evaluation and monitoring (231). Patients
should be informed of the importance of drinking no- or low-caloric
beverages, smoking cessation, avoiding alcohol, moderating carbohydrate
consumption, and increasing the consumption of fresh, non-starchy fruits
and vegetables (232). The need for exercise, several days per week, should
be emphasized, and resources with discounted physical fitness centers should
be considered when available. The salutary effects of healthy exercise on
mood, motivation, body image, social and cognitive functioning, sleep, and
overall quality of life should be emphasized (225,92,233). Patient body weight
BMI, and WHR should be measured and monitored on a routine basis (i.e.,
baseline and minimum semi-annually; with more frequent monitoring with
the substantial weight gain).

The 1998 National Institute of Health Evidence Report and other
studies confirm how difficult it is for people to lose weight (secondary pre-
vention) inviting the need for primary prevention of medication-associated
weight gain if possible (234,235).

Several multi-disciplinary weight-management programs have pro-
vided promising results. Wirshing et al. (165) conducted a retrospective ana-
lysis of eight controlled trials with antipsychotics (risperidone, clozapine,
olanzapine, sertindole, and haloperidol) in patients with schizophrenia.
Patients received a step-wise weight treatment program that included dietary
monitoring, weight monitoring, dietary counseling, exercise, and if neces-
sary, consultation with a nutritionist. Weight gain from risperidone and
olanzapine was favorably influenced by this multifaceted intervention.

Holt et al. (236) attempted to prevent lithium-induced weight gain in
patients (n¼ 25) DSM-III-R defined bipolar disorder through evaluation
and modification of diet in accordance with the British Dietetic Association.
Patients’ weights and BMI were evaluated prospectively for six months
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while receiving lithium maintenance therapy. The control group consisted of
patients (n¼ 25) who started lithium therapy but were not given dietary
advice. After six months of therapy, 14/25 patients in the control group
gained weight; 5/25 gained >5kg, while 9/25 of the treatment group gained
weight, and only 1/25 gained >5 kg. There was a significant difference in
the BMI change [mean (SD)] between the two groups [control þ0.8�
(2.1), treatment �0.5 (1.8), p< 0.05]. No relationship was found between
initial body weight, age, lithium dose, serum lithium level, or other medica-
tions and weight gain.

Littrell et al. (237) randomized a group of patients (n¼ 70) with
schizophrenia or schizoaffective disorder to receive an intense educational
program or standard care in conjunction with olanzapine therapy. The
program was an hour in duration weekly for a period of four months
initiated with olanzapine. At the end of six months treatment, the interven-
tion group lost weight (�0.06 lbs), while the nonintervention group gained
weight (9.57 lb, p¼ 0.0007).

Vreeland et al. (238) examined the effectiveness of an intensive weight
management program in schizophrenia or schizoaffective disorder in patients
(n¼ 31) who had experienced weight gain (BMI> 26) while receiving atypi-
cal antipsychotics over a period of at least six months. Patients in the treat-
ment group received nutrition, exercise, and behavioral interventions,
delivered during two group session, and one 15-minute individual section
weekly for a total of 25 visits over a two-week period. Patients in the inter-
vention group lost on average 2.7 kg (6 lb) or 2.7% of bodyweight, and those
on the control group gained on average 2.9 kg (6.4 lb) or 3.1% of bodyweight.
The difference between the two groups was significant (p< 0.04). The corres-
ponding mean change in BMI was a drop from 34.32 to 33.34 (0.98 points, or
2.8%) in the intervention group and an increase from 33.4 to 34.6 (1.2 points
or 3.6%) in the control group (p< 0.03).

Ball et al. (239) combined an exercise regimen with the Weight-Watchers
program for 21 patients with schizophrenia who gained significant weight
gain after beginning olanzapine treatment compared with a demographi-
cally and symptom-matched control group. The intervention group received
10 weekly Weight Watchers meeting and exercise sessions three times per
week. Approximately half of the patients (11/21, 52%) completed the study.
There were no differences in mean BMI from baseline to endpoint in
patients who completed the study, although weight loss was observed in
the male patients (n¼ 7).

Taken together, the evidentiary base supporting nonpharmacological
approaches for medication-associated weight gain in psychiatric populations
is sparse and obviously an area that requires further research. Available data
suggest that dietary counseling, behavioral modification, and exercise regi-
mens are beneficial in psychiatric patients and should be offered as both
primary prevention and a treatment strategy.
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Pharmacological Strategies

Medication for the treatment of obesity in the general population is approved
for use in adults who have a BMI� 27, plus obesity related medical condi-
tions, or BMI� 30 in the absence of such conditions (240). Medications
approved for weight loss fall into two broad categories: medications that
decrease food intake by decreasing appetite or increasing satiety (by increasing
availability of anorexigenic neurotransmitter—serotonin, norepinephrine),
and those that reduce nutrient absorption (e.g., orlistat). It is possible that
increased energy expenditure seen with some medications (e.g., topiramate)
may also be a relevant mechanism. The safety and efficacy for any
bariatric treatment is not yet established in any psychiatric population for
the treatment of primary or medication-associated obesity (241,242).

Appetite Suppressant Medications

There are several small studies with the use of appetite suppressants to
control weight gain, largely in schizophrenic populations. Studies with
D-fenfluramine, fenfluramine, bromocriptine, and phenylpropanolamine
have produced equivocal results. These agents are associated with the induc-
tion of psychiatric symptoms and their coadministration with several
psychotropic agents (e.g., MAOIs) is perilous.

Sibutramine treatment has been demonstrated to achieve and maintain
weight loss over a period of 18 months (243). Henderson et al. conducted a
12-week double-blind placebo controlled trial with adjunctive sibutramine
(10–15mg) in olanzapine-treated schizophrenic and schizoaffective patients
(n¼ 37). All patients were previously stabilized on olanzapine, reported a his-
tory ofweight gain, andhadaBMI > 30 kg/m2orBMI 27 kg/m2plus another
cardiovascular risk factor. In addition, all patientswere offered group support
and behavioral interventions (244).

At the completion of the study, the sibutramine-treated patients exhib-
ited a significant reduction in weight relative to the placebo group (8.3 lbs vs.
1.8 lbs). A small increase in systolic blood pressure was reported as well as
common sibutramine associated adverse events (e.g., dry mouth, constipa-
tion, blurred vision). Although sibutramine abuse liability is minimal, it
may be associated with hypomanic induction and its use with serotonin-
reuptake inhibiting antidepressants is contraindicated (245).

Topiramate has been proven to favorably influence abnormal and
chaotic eating behavior, weight, and associated psychopathology, in patients
with bulimia nervosa, binge-eating disorder, and obesity (246–249). McElroy
et al. reported a net loss of 6 kg and mean decrease in BMI of 6% from base-
line in bipolar patients (n¼ 37) treated adjunctively (antipsychotics, antide-
pressants, and mood stabilizers) with topiramate (mean dose¼ 420mg) for
one year. This described weight loss is commensurate with results from
several other studies in bipolar disorder (128,129,169,250).
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Van Ameringen et al. (251) evaluated the effectiveness of open-
label topiramate 100–250mg daily [mean week 10 (endpoint) dose 135�
44.1mg/day] for SSRI associated weight gain (n¼ 7 paroxetine, n¼ 4 citalo-
pram, n¼ 2 fluvoxamine, n¼ l sertraline, n¼ l fluoxetine). The sample (n¼ 15)
met criteria for a DSM-IV-anxiety disorder, i.e., panic disorder with and
without agoraphobia, social phobia, obsessive compulsive disorder PTSD,
or generalized anxiety disorder. Patients had originally gained on average
13� 8.4 kg, with SSRI therapy. After 10 weeks of topiramate treatment,
the mean weight loss was 4.2� 6.0 kg (9.3� 13.2 lb). Patients also exhibited
significant change in BMI from week 10 to endpoint (mean baseline BMI
32.6� 9.3, mean endpoint BMI 31.0� 8.9, p< 0.01). Topiramate was gener-
ally well tolerated, with no worsening of the index psychiatric disorder.

Amantadine is indicated for the prevention and treatment of
influenza and improves symptoms of Parkinson’s disease likely through
enhancing dopamine neurotransmission. Floris et al. (252) reported that sig-
nificant weight loss was associated with the adjunctive administration of
amantadine (100–300mg/day) in a small, open-label study (n¼ 12). Eleven
of 12 patients experience an average weight loss of 3.5 kg over 21 weeks.

Bahk et al. (253) evaluated the efficacy of amantadine in patients
18–65 who had gained >3 kg with olanzapine therapy. Subjects had various
DSM-IV diagnoses (schizophrenia n¼ 15, bipolar disorder n¼ 3, major
depressive disorder n¼ l, psychotic disorder n¼ 6). Patients received aman-
tadine [mean dose (SD) 160.1 (57.7)mg] for an average of 111.5� 76.7 days.
Subjects receiving amantadine exhibited average weight loss of 1.07�
3.19 kg and the average BMI decreases by 0.84� 2.5 kg/m2 which did not
reach statistical significance.

Histamine antagonists have been employed as an antidote to
medication-associated weight gain. Cimetidine has been reported to reduce
appetite and weight via activation of the satiety peptide cholecystokinin
(CCK) (254,255). Atmaca et al. (256) evaluated nizatidine as an antidote for
olanzapine associated weight gain in patients with DSM-IV schizophrenia
or related psychoses (n¼ 132). Patients were randomly assigned to receive
olanzapine, 5–20mg/dL, in combination with nizatidine (150mg BID,
300mg BID, or placebo). Patients received prospective repeated observa-
tions over 16 weeks. Statistically significant weight loss was noticed in the
higher dose nizatidine group, compared with placebo, at week 3 and week
4 (p< 0.05). At 16 weeks, however, there were no significant differences
between groups, albeit there was less overall weight gain in the 300mg niza-
tidine group (3.9 kg vs. 4.8 kg). In two subsequent smaller double-blind
studies, nizatidine treatment (150mg BID) was associated with significant
weight loss in olanzapine-treated patients and reduction in weight gain
accrual in quetiapine-treated patients (257).

Metformin is an insulin-sensitizing agent that has been shown to have
weight-reducing effects in nondiabetic subjects (258,259). The effectiveness
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of metformin was preliminarily evaluated in a small, open-label study in
adolescent patients (n¼ 19) who experienced greater than 10% weight gain
over baseline while receiving olanzapine, risperidone, quetiapine, or valproic
acid (260). Metformin 500 TID was adjunctively administered for up to
12 weeks with diet and physical activity kept consistent. After 12 weeks
of treatment, statistically significant differences in BMI (2.22 kg/m2,
p¼ 0.003) and weight (2.93 kg, p¼ 0.008) were noted. A small RCT, indi-
cated that metformin may offer weight reduction for medication associated
weight gain (261). Metformin is, however, associated with numerous GI
adverse events, lactic acidosis, and drug interactions, and its use cannot
be generally recommended for psychiatric populations.

Poyurovsky et al. (262) evaluated the efficacy of adjunctive fluoxetine
(20mg/day) to olanzapine (10mg/day) in 30 first-episode patients with
DSM-IV schizophrenia in a randomized, placebo-controlled trial. Both
groups demonstrated increases in body weight over the study period.
The ANCOVA with repeated measurement for weight and BMI revealed
significant time effects (p< 0.001) for both, and lack of a group effect, or
group by time interaction. The mean weight gain at week 8 was 7.9 kg
(SD 4.6) in the group receiving olanzapine plus fluoxetine, and 6.0 kg (SD
4.2) in the group receiving olanzapine plus placebo (p¼ 0.44). Nine patients
in each group gained at least 7% of their initial weight (p¼ ns).

Poyurovsky et al. (263) subsequently evaluated six weeks of adjunctive
reboxetine (4mg/day) in 26 patients hospitalized for first-episode DSM-IV
schizophrenia in another placebo-controlled RCT. Reboxetine is a selective
norepinephrine reuptake inhibitor approved for usage in some European
countries. Patients in both groups gained weight; at the end of the study
completers in the olanzapine/reboxetine group gained significantly less
weight (2.5 kg� 2.7) than the olanzapine/placebo group (5.5� 3.1 kg,
p¼ 0.04). Changes in BMI were also less in the combination group (0.86�
0.88 kg/m2) than in the olanzapine monotherapy group (1.84� 0.99 kg/m2,
p< 0.04). Fewer patients in the combination group (2/10) than in the
olanzapine monotherapy group (7/10) had an increase in weight �7%
(p¼ 0.03). The improvement in Hamilton Depression Rating scores was also
significantly greater in the reboxetine group (p¼ 0.03).

Nutrient Absorption Reducers

Orlistat is currently approved by the U.S. FDA as a weight loss agent.
Orlistat is an ex vivo agent with minimal systemic absorption and central
nervous system (CNS) effects. It reduces energy absorption by blocking
pancreatic and gastric lipases. Predictably, orlistat is associated with several
uncomfortable gastrointestinal side effects: increased fecal urgency, defeca-
tion, and oily spotting (264).
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Placebo-controlled trials have demonstrated sustained weight loss and
reduced rate of regain of weight in overweight adults treated with orlistat.
Furthermore, orlistat has also been demonstrated to improve glycated
hemoglobin values, and decrease requirement for insulin sensitizing agents
in type II diabetics.

Hilger (265) examined the effect of orlistat administration on plasma
levels of psychotropic agents in a small (n¼ 8) outpatient study (major
depressive disorder n¼ 2, bipolar disorder n¼ 2, schizophrenia n¼ 2)
of patients tretaed with clozapine, haloperidol, clomipramine, desipramine,
and CBZ. Orlistat was administered at 120mg, three times per day for
eight weeks in addition to dietary counseling. Weight loss was noted in
all patients (0.5–13 kg) representing a mean drop in bodyweight of
6.1%� 2.4, and a mean BMI reduction of 2.1� 1.2 kg/m2 from baseline.
There were no detectable changes in plasma levels in any of the psychotropic
drugs administered.

SUMMARY

Overall, the management of medication-associated weight gain begins with
surveillance, opportunistic screening, education, and baseline measurements.
A multicomponent approach to the prevention and management of weight
gain provides for patients the best chances for success. Psychiatric patients
are less likely, than persons in the general population, to receive primary
and preventative health care, and are particularly unlikely to have medical
morbidity diagnosed and treated. Tacitly implied is the need for the role
of the mental health care provider to broaden, with greater attention given
to somatic health matters.

Recognizing and anticipating the clinical significance of medication-
associated weight gain in a sine que non. In the interim, research attempting
to parse out neurobiological mechanism which portend weight gain is under
way, as are rigorously awaited psychosocial, behavioral, and pharmacolo-
gical primary and preventative treatment approaches.
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INTRODUCTION

Obesity is rapidly becoming the single greatest health threat facing our
society. The age-adjusted prevalence of obesity, defined as a [bodymass index
(BMI)� 30 kg/m2], has increased from 22.9% in NHANES III (1988–1994;
p< 0.001) to 30.5% in the most recent data from l999 to 2000 (1). Poor diet
and physical inactivity account for 400,000 deaths per year in the United
States, second only to tobacco in preventable causes of death (2). As the num-
ber of overweight and obese patients has increased, so too have those who suf-
fer from weight-related comorbid conditions such as diabetes, hypertension,
heart disease, hyperlipidemia, osteoarthritis, and a multitude of malignan-
cies. It is impossible to find an organ system that is not deleteriously affected
by the burden of obesity. It is for this reason that weight loss has become
a primary treatment objective for all physicians.

The ultimate goal of obesity treatment is to improve the comorbid
conditions associated with obesity. Patients need to appreciate the concept
that obesity is a chronic disease like diabetes or hypertension that will
require long-term treatment. They should also understand that the efficacy
of nonsurgical interventions is limited to a 5% to 15% body weight loss in
the majority of successful patients, but that this weight loss is enough to
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induce better health. The foundation of obesity treatment is lifestyle modi-
fication including a healthy diet and physical activity.

Medications should be viewed as a potentially valuable adjunct to
diet and exercise, rather than a substitute. Medications are currently indi-
cated in the treatment of obesity for patients with BMI> 30 kg/m2 or
>27 kg/m2 in the presence of other risk factors or diseases if diet and exer-
cise are not successful. Sibutramine and orlistat are the only medications
currently approved for the long-term treatment of obesity (3). Both these
medications have proven efficacy in inducing and maintaining weight loss.

Lifestyle modification includes eating a healthy diet and incorporating
physical activity into daily life. The goal of behavioral change therapy is
to overcome barriers to compliance with such a regimen. Behavior therapy
assumes that learned patterns of eating and physical activity can be chan-
ged, and that to change these patterns over the long term, the environment
must be modified. In some cases behavioral therapy is administered on an
individual basis, in other cases as group sessions. Professionals with training
in psychology or a related area who can engage a group in a cohesive
manner are optimal for leading such groups. More than 100 controlled trials
have been published demonstrating the effectiveness of behavioral techni-
ques, which have become more sophisticated over time (4).

Although dozens of behavioral techniques are used as part of the beha-
vioral treatment of obesity, several have been shown to enhance compliance
with a program of diet and exercise. These include self-monitoring, stimulus
control, stress management, reinforcement, cognitive change, relapse preven-
tion, and crisis intervention.

A summary of studies combining behavioral treatment with moderate
dietary restriction and exercise as part of a comprehensive program showed
8.5 kg average weight loss from an initial average weight of 91.9 kg over
21 weeks of treatment with a 22% rate of attrition (4). A 5.6 kg loss was
maintained after one year of follow-up. Longer periods of treatment yield
better results, and long-term intermittent treatment is recommended.

In general, the goal of dietary interventions has been to induce a caloric
deficit of 500 to 1000kcal/day resulting in a weight loss of 0.5 to 0.9 kg/week.
Diets containing 1000 to l200kcal/day for women and 1200 to l600kcal/day
for men are commonly used to induce a caloric deficit. Very low calorie diets
(<800kcal/day) have not been found to bemore effective than low calorie diets
in achieving a sustainable weight loss in the long term, but could play a role
when acute weight loss is indicated. Liquidmeal replacements have been shown
to enhance weight loss efficacy and, if used regularly, maintenance.

No single approach to diet works for everyone; in our opinion, the best
approach is to customize diet to the individual patient. The best diet is the
one with which the patient will comply. Recent findings suggest that foods
with a lower glycemic index (blood glucose rise per ounce of food) may
reduce food consumption (5). Diets with a lower caloric density (number
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of calories per ounce), such as vegetables, appear to be more filling and may
also reduce overall food consumption. As a result, we recommend diets with
a higher percentage of carbohydrate from vegetables and legumes and less
from starch and sugar. In general, we recommend an adequate amount of
lean protein and large quantities of vegetables as the mainstay of the diet
with smaller amounts of whole grains and healthy oil sources.

Liquid meal replacements can be of value in certain individuals who
prefer this mode of therapy. Use of these diets to substitute for a meal has
been shown to reduce body weight and assist with weight maintenance (6).

Until recently there has been a paucity of scientific data regarding the
low-carbohydrate diet. Several recent randomized-controlled trials exam-
ined the efficacy of the low-carbohydrate diet. Samaha et al. (7) compared
the efficacy of a carbohydrate-restricted diet with a calorie- and fat-restricted
diet in 132 severely obese subjects over a six-month period. Subjects
assigned to the low-carbohydrate group lost more weight (mean,
5.7� 8.6 vs. 1.9� 4.2 kg; p¼ 0.002), had greater improvements in triglycer-
ides (p¼ 0.001), insulin sensitivities (p¼ 0.01), and glycemic control
(p¼ 0.02). Foster et al. (8) published a one-year trial comparing the use
of a low-carbohydrate, high-protein, high-fat diet with a low calorie,
high-carbohydrate, low-fat diet in 63 obese subjects. This study failed to
show any significant difference in weight loss between the two groups after
one year (4.4� 6.7 vs. 2.5� 6.3 percent body weight, p¼ 0.26). However, it
should be pointed out that both groups showed improvements over base-
line in diastolic blood pressure, triglycerides, and insulin sensitivity. These
studies illustrate that in obese patients, a modest weight loss with dietary
intervention alone conveys significant health benefits.

Exercise plays a major role in assisting with weight maintenance, and
there is mounting evidence that increased physical activity plays a crucial role
in the prevention andmanagement ofmany chronic diseases even in the absence
of weight loss (9). Aerobic exercise is usually recommended for weight manage-
ment because of the large number of calories burned as well as the health ben-
efits achieved. Strength training may also be of benefit to build lean body mass
and improve body composition. Regular adherence to an exercise program is
associated with better outcome because it may also improve dietary compliance
or be a marker of better dietary compliance. Exercise further improves quality
of life by enhancing self-esteem, reducing stress, and relieving depression.

Any physical activity that the patient enjoys and is willing to perform
is recommended. For the completely sedentary patient, walking is often the
best way to get started. Patients with physical limitations secondary to
arthritis or size may start with water exercises, bedside stretching, seated
activities, or a program designed by an exercise physiologist or physical
therapist. In general, 30 to 45 minutes of exercise 3 to 5 day/wk is recom-
mended, although more is better, and greater intensity may be better. Three
10-minute periods of activity yield about the same benefit as a single
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30-minute period, and compliance with such a program is better. Increasing
physical activity during daily life such as climbing stairs instead of taking an
elevator, walking or cycling rather than taking a car, and parking further
away from the entrance to the mall can be simple ways to add small periods
of physical activity to a busy lifestyle.

SIBUTRAMINE (MERIDIA)

Sibutramine enhances satiety by blocking the reuptake of norepinephrine
and serotonin in the central nervous system. It may also increase metabolic
rate by activating the b3-adrenergic receptor peripherally.

Bray and Blackburn (10) conducted a placebo-controlled trial to eval-
uate different doses of sibutramine over a 24-week period. They found a
statistically significant weight loss at all doses (1, 5, 10, 15, 20, and 30mg)
as compared to placebo. Wirth and Krause (11) showed that intermittent
sibutramine was as effective as continuous sibutramine over a 44-week per-
iod. Apfelbaum et al. (12) took obese patients (BMI> 30) and gave them very
low calorie diets for four weeks (12). This was followed by one year of sibu-
tramine versus placebo. After 12 months, 75% of subjects in the sibutramine
group maintained at least 100% of the weight loss achieved with a very low
calorie diet, compared with 42% in the placebo group (p< 0.01) (12).

Berkowitz et al. (13) conducted the first randomized, placebo-
controlled study examining the utility of a medication (sibutramine) in obese
adolescents. All subjects were advised to reduce caloric intake and increase
aerobic activity. At the end of six months, the sibutramine group had lost
significantly more weight (mean weight loss �7.8� 6.3 vs. �3.2� 6.1 kg;
p¼ 0.001). Nineteen of 43 participants experienced elevations in blood
pressure and pulse rate requiring reductions in the dose of sibutramine.
These studies illustrate sibutramine’s efficacy as a weight loss and weight-
maintenance agent, and that the majority of weight loss will take place
during the first six months of treatment.

A recent study examined the utility of sibutramine in the treatment of
binge eating disorder (BED). Sixty obese subjects with BED were rando-
mized to receive sibutramine (15mg/day) or placebo for 12 weeks. Subjects
receiving sibutramine lost more weight (�7.4 vs.þ 1.4 kg; p < 0.001), and
binged less frequently (66 vs. 41% reduction from baseline; p¼ 0.03) (14).

McMahon (15) and Sramek (16) each demonstrated the safety of sibu-
tramine in the treatment of obese patients with well-controlled hypertension.
These studies found statistically significant increases in pulse rate, but not
blood pressure in the sibutramine groups. Sibutramine has been proven safe
in patients being treated with angiotensin-converting enzyme (ACE) inhibi-
tors (15), beta blockers (16), and calcium channel blockers (17).

Gokcel et al. (18) compared the effects of three different medications
used in the management of obesity; sibutramine (10mg twice daily), Orlistat
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(150mg three times per day), and metformin (850mg twice daily). All sub-
jects were females with BMI > 30. After six months of treatment all three
groups showed improvements in lipid profiles, insulin resistance, glucose,
and blood pressure. The sibutramine group displayed a statistically signifi-
cant (p < 0.0001) greater reduction in BMI (13.57%) when compared to
orlistat (9.06%) and metformin (9.9%).

The cardiac effects of the combination of other anorexigenic agents
dexfenfluramine and fenfluramine led to the withdrawal of these drugs from
the market in 1997. Zannad et al. (19) demonstrated that six months of sibu-
tramine had no significant impact on cardiac dimension, valve function, or
electrocardiograms.

The most frequent side effects associated with sibutramine are dry
mouth, anorexia, and insomnia. Patients may experience an increase in blood
pressure and pulse, and monitoring of these vital signs should be performed on
a monthly basis initially, and every three months once the patient’s weight has
stabilized (Table 1).

ORLISTAT (XENICAL)

Orlistat promotes weight loss by inhibiting gastrointestinal lipases, thereby
decreasing the absorption of fat from the gastrointestinal tract. On average,
120mg of orlistat taken three times per day will decrease fat absorption
by 30% (20). Orlistat has been found to be more effective in inhibiting the
digestion of solid foods, as opposed to liquids (21).

Rossner et al. (22) found that subjects receiving orlistat lost signifi-
cantly more weight in the first year of treatment, and fewer regained weight

Table 1 Randomized Controlled Trials of Sibutramine

Study Subjects
Study
period

Dose
(mg)

Placebo
weight loss

Sibutramine
weight loss p

Bray 1463 24wk 5 1.20% 3.90% <0.05
10 6.10%
15 7.40%
20 8.80%

Wirth and
Kraus

1102 44wk 15 þ0.2% <0.05

Apfelbaum 160 l yr 10 þ0.5 kg 5.2 kg <0.04

Cuellar 69 6mo 15 1.26 kg 10.27 kg 0.001

Gockel 54 6mo 20 0.91 kg 9.61 kg 0.0001

McMahon 220 l yr 20 0.4 kg 4.5 kg <0.05

McMahon 124 l yr 20 0.70% 4.70% <0.05
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during the second year of treatment than those taking placebo. The orlistat
group also had greater improvement in total and low-density lipoprotein
(LDL) cholesterol. Subjects taking orlistat had lower serum levels of vita-
mins D, E, and b-carotene. However, these nutritional deficiencies are easily
treated with oral multivitamin supplementation. Sjostrom et al. (23) demon-
strated similar results over a two-year period. Subjects in the orlistat group
lost significantly more weight in the first year (10.2 vs. 6.1%) and regained
half as much weight during the second year.

Davidson et al. (24) showed in another two-year study that there was
less weight regain in patients maintained on the 360mg/day dose of orlistat,
as opposed to a 60 mg/day dose or placebo. Subjects in the Orlistat group
also had lower levels of serum glucose and insulin.

The recent XENical in the prevention of diabetes in obese objects trial
was a four-year long placebo-controlled trial of orlistat for the prevention of
type 2 diabetes (25). Subjects at risk for type 2 diabetes were treated with a
diet and lifestyle program with the addition of orlistat 120mg TID or pla-
cebo. Weight loss in the orlistat treated group was significantly better at both
one and four years. The four-year incidence of type 2 diabetes was reduced
from 9% in the placebo group to 6.2% in the orlistat group, a 37% reduction.

Hollander et al. (26) studied the effects of orlistat in obese patients
with type 2 diabetes. Orlistat resulted in improved glycemic control (reduced
blood glucose and HbAlC), and reductions in total cholesterol, LDL, trigly-
cerides, and apo-lipoprotein B. Kelley (27) showed similar benefits in obese
insulin-requiring diabetics.

Lindgarde (28) examined the impact of orlistat on cardiovascular
profiles in obese subjects with at least one of the following: type 2 diabetes,
hypercholesterolemia, and hypertension. Orlistat use was associated with
greater weight loss and reductions in HbAlc, LDL, and total cholesterol.

The gastrointestinal side effects of orlistat, including fatty/oily stool,
fecal urgency, oily spotting, increased defecation, fecal incontinence, flatus
with discharge, and oily evacuation, are the main reason for discontinuation
of therapy. These symptoms are usually mild to moderate and decrease in
frequency the longer the medication is continued. Cavaliere (29) conducted
a study to see if concomitant use of natural fibers (psyllium mucilloid) would
ameliorate the adverse gastrointestinal events. Subjects who received the
psyllium experienced far fewer symptoms. Only 29% of those taking psy-
llium with orlistat taken as 120mg tid had GI events compared to 71% of
the patients on placebo (Table 2).

PHENTERMINE

Phentermine (Fastin) is a sympathomimetic anorexigenic agent. A study
from 1968 is the only longer term controlled trial of phentermine (30).
In this study, 64 patients completed 36 weeks of placebo, phentermine, or
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placebo and phentermine on alternating days. Both phentermine groups lost
approximately 13% of their initial weight, while the placebo group lost only
5%. Despite the paucity of research to support its use, phentermine is the
most commonly prescribed weight-loss medication in the United States
representing 31% of drug-treated obese patients (31). Phentermine’s main
side effects are related to its sympathomimetic properties and include
insomnia, constipation, and dry mouth. Phentermine and other sympatho-
mimetics such as diethylpropion and phendimetrazine have not been studied
for long-term safety and efficacy and their use beyond three months is
considered ‘‘off-label.’’

AVAILABLE DRUGS THAT CAUSE WEIGHT LOSS

Bupropion (Wellbutrin)

Bupropion is an atypical antidepressant that is reported to induce weight
loss. While the mean weight loss seen with bupropion is small, in some
patients bupropion is preferable to the many other antidepressants which
may induce weight gain.

Anderson et al. (32) conducted a 48week randomized placebo-
controlled trial of the weight loss effects of bupropion. There were three
study arms: placebo, 300mg and 400mg of bupropion sustained release.
Using a last observation carried forward (LOCF) analysis the weight loss
for subjects was 4.0, 5.7, and 7.7% for placebo, bupropion SR 300 and
400mg/day, respectively. In another study from 2002, obese adults with
depressive symptoms were treated with bupropion SR or placebo for
26 weeks in addition to a 500 kcal/day-deficit diet. The bupropion SR group

Table 2 Randomized Controlled Trials of Orlistat

Study N
Study
period

Dose
(mg/day)

Weight loss
placebo

Weight loss
Orlistat p

Rossner 729 1 yr 360 6.60% 8.60% < 0.001
180 6.60% 9.70% < 0.001

Sjostrom 743 1 yr 360 6.10% 10.20% < 0.001
Davidson 892 2 yr 360 5.81 kg 8.76 kg < 0.001
Finer 228 1 yr 360 8.50% 5.40% < 0.016
Hauptman 796 1 yr 360 4.14 kg 7.94 kg < 0.01

180 4.14 kg 7.08 kg < 0.01
Hollander 391 57wk 360 4.30% 6.40% < 0.001
Lindgarde 382 1 yr 360 4.60% 5.90% < 0.05
Kelley 550 1 yr 360 þ1.27% 3.89% < 0.001
Sjostrom 3304 1 yr 360 6.8% 11.4% < 0.001

4 yr 360 3.7% 6.25% < 0.001
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(n¼ 193) lost an average of 4.4 kg (4.6% of baseline weight) versus 1.7 kg
(1.8% of baseline weight) on placebo (n ¼ 191, p < 0.001, LOCF analysis)
(33). Bupropion is contraindicated in patients with epilepsy and may cause
anxiety and, rarely, seizures.

Metformin (Glucophage)

Metformin is a drug used in the treatment of type 2 diabetes that decreases
hepatic gluconeogenesis and increases insulin sensitivity. Gokcel et al. (34)
demonstrated that metformin achieved similar weight loss to orlistat over
a six-month period. Kay et al. (35) studied the effects of metformin on obese,
hyperinsulinemic, and nondiabetic subjects. When compared to placebo the
metformin group achieved significantly greater weight loss (6.5� 0.8 vs.
3.8� 0.4%, p < 0.01) and improvement in their hyperinsulinemia. In patients
with fasting hyperglycemia, metformin accounted for greater weight loss
than placebo, but less than life-style changes alone. The average weight loss
was 0.1, 2.1, and 5.6 kg in the placebo, metformin, and lifestyle-intervention
groups, respectively ( p < 0.001) (36).

On the basis of this evidence metformin should be the first line drug
in obese diabetic patients. There is also good evidence to endorse the use
of metformin in obese patients with polycystic ovarian syndrome or nonal-
coholic steatohepatitis. The most common side effects of metformin are
nausea, flatulence, diarrhea, and bloating. The most serious side effect is lac-
tic acidosis, but this is uncommon.

Topiramate (Topamax)

Topiramate is an antiepileptic agent that has been found to reduce body
weight in patients with a variety of disorders including epilepsy, migraine
headaches, bipolar disorder, and binge eating disorder (37,38). McElroy
et al. (39) conducted the first randomized, placebo-controlled trial of topi-
ramate in the treatment of obese binge eaters. After 14 weeks of treatment
the subjects who received topiramate lost significantly more weight than the
control group (mean weight loss 5.9 vs. 1.2 kg: p ¼ 0.005). On a median dose
of 212 mg/day, 64% of the topiramate-treated group had a complete remis-
sion of bingeing compared to 30% of those on placebo. A 94% reduction in
binge frequency was observed in topiramate treated completers compared to
a 46% reduction in the placebo group. In 2003, Bray et al. (40) studied the
utility of topiramate in the treatment of obesity. A randomized, double-
blind, placebo-controlled, dose-ranging trial was conducted on obese adults.
Mean percent weight loss from baseline to week 24 was �2.6% in placebo-
treated patients versus �5.0%, �4.8%, �6.3%, and �6.3% in the 64, 96, 192,
and 384mg/day topiramate groups, respectively. All doses of topiramate
resulted in statistically significant greater weight loss than placebo. The most
common side effects of topiramate are paresthesias, dry mouth somnolence,
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headache, difficulty with memory, concentration, and attention. These side
effects are dose related and typically resolve spontaneously. Topiramate is
also being studied for the treatment of migraine headaches, neuropathic
pain, and alcoholism. Other side effects of topiramate include cognitive
impairment, renal stones, and, rarely, acute angle glaucoma.

Zonisamide

Zonisamide is a second novel antiepileptic drug that has been found to
induce weight loss. It exerts both serotonergic and dopaminergic activity.
Gadde et al. (41) compared 16 weeks of zonisamide to a placebo in conjunc-
tion with a dietitian supervised diet and lifestyle in 60 obese subjects. Dose
titration to a >5% weight loss effect was utilized and the mean dose of zoni-
samide taken by subjects was 427 mg/day. The zonisamide group lost signi-
ficantly more weight [mean weight loss 5.8� 0.8 (6.0%) vs. 0.9� 0.4 kg
(1.0%); p < 0.001]. Fifty-seven percent of the zonisamide group and 10%
of the placebo group achieved a 5% reduction in body weight by week 16
(p < 0.001). A single blind extension for an additional 16 weeks yielded
a total weight loss of 9 kg in the zonisamide group compared to 1.5 kg in
the placebo group. Although fatigue was the only side effect that occurred
with significantly higher frequency in the treatment group, other cognitive
side effects and, rarely, kidney stones have been described in epilepsy trials.

DRUGS CURRENTLY IN CLINICAL TRIALS

Axokine

Axokine, an analog of ciliary neutrophic factor, appears to activate leptin-
like pathways. The first randomized, placebo-controlled trial of Axokine
was published by Ettinger et al. (42). Using an intent to treat analysis the
study found that the subjects randomized to receive 1 mg/kg of axokine
for 12weeks lost significantly more weight (3.2� 0.4 vs. 0.2� 0.4 kg;
p < 0.001). It appears that this medication has a prolonged effect following
cessation, because six months after the conclusion of the dosing, patients
who had received Axokine regained 0.1 versus 1.6 kg in the placebo group.
However, one year follow-up was only available for 42% to 44% of subjects.
The most common adverse effect was an injection site reaction.

Rimonabant

Rimonabant is a cannabinoid receptor antagonist which has shown promise
in phase 2 trials and is now in phase 3 trials. No trial data has thus far been
published on the use of rimonabant. However, unpublished data from
the Rimonabant in Obesity (RIO) Lipids trial was presented in 2004 (43).
This one-year placebo-controlled trial of 1036 subjects with dyslipidemia
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and a BMI of 27 to 40 showed that 20mg of rimonobant produced greater
weight loss than placebo. Perhaps more importantly, subjects who received
rimonobant also showed significant improvements in high-density lipopro-
tein, triglycerides, and C-reactive protein.

MEDICATION-INDUCED OBESITY

The role of medications as a factor that can induce weight gain is often
overlooked. Some commonly prescribed medications are associated with
significant weight gain. This list includes medications used to treat diabetes,
depression, schizophrenia, and hypertension. When evaluating an obese
patient for the first time, the clinician should do a thorough review of all
current prescription and over-the-counter medications to look for weight
gaining medications and consider alternatives.

CONCLUSION

The obesity epidemic continues to grow at an alarming rate. Dietary
changes, physical activity, and pharmacotherapy have been proven effective
in weight reduction and improvement of comorbid conditions. As our
understanding of obesity grows, so too will our armamentarium to combat
this disease. There are several promising medications currently in clinical
trials that induce weight loss through unique mechanisms. Ultimately
obesity will most likely be treated with combinations of medications, in a
manner similar to the treatment of other chronic diseases such as diabetes,
hypertension, hyperlipidemia, and heart failure.
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INTRODUCTION

Obesity and mood disorders are each important public health problems that
overlap to a considerable degree, especially in clinical populations (1–10).
Thus, depressive symptoms and syndromal mood disorders are common
in persons of all ages presenting for different weight loss treatments
(1,3,9–16). Conversely, weight gain, overweight, and obesity are common
among patients with mood disorders, including adults, adolescents, and chil-
dren (10,17–26). In addition, depressive psychopathology is strongly asso-
ciated with appetite-suppressant medication use in the community (27).

However, the medical management of patients with co-occurring obe-
sity and mood disorders has received very little empirical study. There are
no controlled pharmacotherapy trials in patients with comorbid obesity
and a current mood disorder. Anti-obesity agents as a class have received lit-
tle systematic study in mood disorders, and psychotropics have received little

369



systematic study in obesity (28). This dearth of research exists despite the fact
that most available anti-obesity agents act on the central nervous system and
thus may affect mood, while many psychotropics have effects on appetite,
eating behavior, and body weight (29–34). Indeed, many of the pharmacolo-
gic agents used to treat mood disorders, including some antidepressants,
many mood stabilizers, and most antipsychotics, cause weight gain whereas
some anti-obesity drugs (e.g., noradrenergic agents and sibutramine) may be
mood destabilizing or ‘‘psychotogenic’’ for somemood disorder patients, espe-
cially those with bipolar disorders (26,32–45). Moreover, available authorita-
tive texts and treatment guidelines for obesity generally do not address the
management of obesity with comorbid mood disorders, whereas those for
mood disorders do not address the management of mood disorders with
comorbid obesity or obesity-related conditions (31,46–68).

In this chapter, we briefly review the relationship between obesity and
mood disorders; the general medical and psychiatric comorbidity patterns of
mood disorders; the therapeutic profiles of psychotropics commonly used in
the treatment of mood disorders as well as their effects on appetite, eating beha-
vior, andbodyweight; and the effects of anti-obesity agents onmoodand related
disorders. We conclude by presenting preliminary suggestions for the medical
management of obesity associated with depressive and bipolar disorders.

OBESITY AND MOOD DISORDERS: A BRIEF OVERVIEW

Available clinical and epidemiological research regarding the relationship
between obesity and mood disorders is somewhat inconsistent, due in large
part to the heterogeneity among studies (2,5,7). Nonetheless, several conclu-
sions from these studies can be made. First, studies using operationalized
diagnostic criteria and structured clinical interviews have consistently found
high rates of depressive and bipolar disorders in persons of all ages and both
genders seeking treatment for obesity, especially severe obesity (10). For
example, using the diagnostic interview schedule (DIS), Black et al. (1) found
significantly higher rates of DSM-III major depression (19% vs. 5%) and any
mood disorder (31% vs. 9%) in 88 consecutive morbidly obese adult patients
seeking bariatric surgery compared with 76 normal weight controls. Similarly,
using the Composite International Diagnostic Interview (CIDI), Britz et al. (3)
found significantly higher rates of DSM-IV mood disorders in 47 adolescents
and young adults receiving inpatient treatment for extreme obesity than both
obese and nonobese general population controls. Specifically, 20 (43%) of the
obese adolescents [mean body mass index (BMI)¼ 42.4] and young adult
patients had a mood disorder, compared with 8 (17%) of 47 obese controls
(mean BMI¼ 29.8) and 247 (15%) of 1608 general population controls.

Second, community studies using operationalized diagnostic criteria
and structured assessments to diagnose mood disorders also suggest an
association between obesity and major depressive episodes, although this
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association appears to be affected by various factors, including gender, defi-
nition of obesity, and possibly age (4–8,10,69,70). Thus, in a survey of 41,086
respondents aged 18 years and older, Carpenter et al. (4) found a positive
association between obesity (BMI� 30) and past-year major depressive epi-
sodes in women, but a negative association in men. In a survey of 1886
individuals aged 50 to 95 years, Roberts et al. (6) found a positive associa-
tion between obesity (BMI� 30) and current DSM-IV major depressive
episodes that was evident in men and women. Onyike et al. (8) found a
positive association between obesity (BMI� 30) and past-month DSM-III
major depressive episodes in women, but not men, in a group of respondents
aged 15 to 39 years from the Third National Health and Nutrition Examina-
tion Survey (NHANES III). When obesity was stratified by severity, class 3
(severe) obesity (BMI� 40) was associated with past-monthmajor depression
in women and men combined. Mustillo et al. (69) identified four developmen-
tal trajectories of obesity among 991 rural white children ages 9 to 16 years
who were evaluated annually over an eight year period: no history of obe-
sity (73%), chronic obesity (15%), childhood obesity (5%), and adolescent
obesity (7%). Those with childhood obesity and chronic obesity were
significantly more likely than those with no history of obesity to have
DSM-IV depression. Kinder et al. (70) found that women, but not men,
with a history of a major depressive episode were twice as likely to have
the metabolic syndrome compared with those with no history of depres-
sion in a group of respondents’ aged 17 to 39 years from the NHANES III.

In contrast, as mentioned earlier, Britz et al. (3) found no relationship
between obesity and lifetime DSM-IV depressive or bipolar disorders in
1608 adolescents and young adults from the community. Also noted earlier,
rates of DSM-IV mood disorders in a group of 47 adolescents and young
adults receiving treatment for severe obesity in the same study were signifi-
cantly higher than those in the obese and population control groups. How-
ever, the mean BMI of this group (42.4) was significantly higher than that of
the obese control group (mean BMI¼ 29.8), further supporting a link
between mood disorder and severe obesity.

A third conclusion is that studies of body weight in mood disorders
have found associations with obesity and overweight on the one hand and
underweight on the other (10). Thus, clinical studies have found bipolar dis-
order to be associated with obesity and abdominal obesity; juvenile major
depression to be prospectively associated with overweight; and melancholic
depression to be associated with underweight and, in normal weight women,
hypercortisolemia and visceral fat deposition (21–24,71–74). Of eight studies
assessing obesity-related conditions in community samples of persons with
syndromal mood disorders (including the Roberts et al. study noted above),
six found a positive association between a mood disorder or a mood disor-
der subtype (e.g., atypical depression) and obesity or overweight (6,75–81).
Four of these studies were prospective, and all four found relationships
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between depression and obesity (6,76,80,81). In three studies, obesity
developed after the onset of mood disorder in female or female and male
adolescents and young adults (76,80,81). In another, major depression
developed after the onset of obesity in men and women aged 50 years or
older (6).

In sum, available research indicates that obesity (BMI� 30) is asso-
ciated with major depressive episodes in women and that severe obesity
(BMI� 40) is associated with major depressive episodes in men and women
(1,3,4,6,8). Also, metabolic syndrome is associated with major depressive
episodes in women (70). Conversely, major depressive disorder with atypical
features, juvenile-onset major depressive disorder, and bipolar disorder may
be associated with overweight or obesity, whereas major depressive disorder
with melancholic features may be associated with underweight (21–
24,71,75,76,81). Also, melancholic major depressive disorder with hypercor-
tisolemia may be associated with visceral fat deposition (73,74). Moreover,
mood disorder may precede development of overweight or obesity in some
persons, especially patients with juvenile-onset major depression and young
females in the community with major depression, and obesity may precede
development of major depressive episodes in others, especially older adults
(6,22,76,80,81).

In short, the relationship between obesity andmood disorders is likely to
be complex, in part because obesity andmooddisorders are themselves hetero-
geneous conditions (77,82–89). Indeed, emerging family history, twin, and
molecular genetic research indicates that both obesity and mood disorders
are complex genetic illnesses with various contributing environmental factors
(90–100). Thus, some forms of obesitymay be associated withmood disorders
whereas other formsmay not be. Similarly, some forms ofmood disordermay
be associated with obesity whereas other forms may be associated with
underweight. Thus, comorbid obesity and a mood disorder may represent
the co-occurrence of two related conditions with overlapping but distinct
pathophysiologies in some cases, one condition with a single pathophysiology
in other cases, and the chance co-occurrence of two unrelated conditions
with independent pathophysiologies in yet other cases (10). These different
comorbidity patterns would likely have different treatment implications.

COMORBIDITY AS A MARKER FOR MOOD DISORDER

The diagnosis of obesity is generally much easier to make than that of a
mood disorder. Obesity is usually apparent whereas the clinician often has
to actively elicit the signs and symptoms of depression and hypomania—
particularly if they are not the presenting chief complaint or if they are in
remission. Moreover, while depressive and manic symptoms can be denied
or concealed, obesity is difficult, if not impossible, to hide. Thus, a mood
disorder is much more likely than obesity to be an occult diagnosis.
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It is well known that comorbidity—broadly defined as the co-occurrence
of lifetime diseases or disorders—is common in individuals with obesity
(31,50,56,82,83,101,102). Comorbidity with both general medical and men-
tal disorders is also common in persons with mood disorders (103,104).
Moreover, since mood disorders, unlike obesity, can be occult, their pre-
sence can be masked by their comorbid conditions. It is therefore impera-
tive that the clinician be aware of the particular comorbidity patterns
associated with mood disorders because such patterns can be markers
for underlying mood disorders, including in obese patients. In addition, just
as the general medical comorbidity pattern of an obese patient has impli-
cations for his or her medical treatment, the comorbidity pattern of a par-
ticular mood disorder patient has treatment implications for that patient.
Thus, knowledge of the complete general medical and psychiatric comor-
bidity profile is especially important in the assessment and treatment of
patients with both obesity and a mood disorder.

Regarding the specific general medical comorbidity profile of
mood disorders, it is noteworthy that many of the general medical disorders
that are associated with obesity are also associated with mood disorders.
These include type 2 diabetes, hypertension, cardiovascular disease, the
metabolic syndrome, asthma, breathing-related sleep disorders, and chronic
pain (71,105–119,121–124). Indeed, epidemiologic studies have shown that,
similar to obesity, depressive symptoms and/or major depressive disorder
are independent risk factors for type 2 diabetes, hypertension, carotid athero-
sclerosis, coronary heart disease, and stroke, and that both major depressive
disorder and bipolar disorder are associated with increased mortality from
cardiovascular disease and some cancers (104,105,109–120,125–127). In con-
trast, medical disorders associated with bipolar and depressive disorders in
community and clinical studies that have not been associated with obesity
include migraine, Tourettes Syndrome, and multiple sclerosis (128–130).

Mental disorders that frequently co-occur with mood disorders are anxi-
ety, substance use, eating, impulse control, attention deficit-hyperactivity, and
conduct disorders (103,104,131–135). As discussed in other chapters, some
of these disorders, particularly eating, substance use, and conduct disorders,
are also associated with obesity. Comorbidity with mental disorders is espe-
cially common for bipolar disorder (131,132,136–141). In three major psy-
chiatric epidemiologic studies (the Epidemiologic Catchment Area study,
the National Comorbidity Survey, and the Zurich Cohort study), persons
with bipolar disorder, defined narrowly or broadly, had higher rates of anxi-
ety and substance use disorders than those with depressive disorders, even
though persons with depressive disorders had higher rates of anxiety and
substance use disorders than those in the general population (131,136–
141). Thus, psychiatric comorbidity, especially complex combinations of
mental disorders (sometimes called multimorbidity or complicated comorbid-
ity), is a marker for mood pathology in general and bipolarity in particular.
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Regarding the overlap among obesity, mood disorders, and comorbid
mental disorders, many studies have shown that persons presenting for
weight management often have eating, anxiety, and/or substance use symp-
toms or disorders as well as mood symptoms or disorders. For example, in
addition to an elevated rate of lifetime mood disorders, the 88 morbidly
obese adult patients seeking bariatric surgery evaluated by Black et al. (1)
were also more likely to have lifetime anxiety disorders, bulimia, and
tobacco dependence than the comparison group. Similarly, the 47 extremely
obese adolescents and adults receiving inpatient treatment evaluated by
Britz et al. (3) also demonstrated high lifetime prevalence rates of anxiety
(47.5%), somatoform (15%), and eating (17%) disorders. Furthermore,
57% and 35% of female and male patients, respectively, described eating
binges with lack of control. Indeed, an important finding in studies compar-
ing obese persons with and without binge eating behavior or binge eating
disorder (BED) is the higher rates of mood disorders, as well as anxiety
and substance use disorders, in the obese persons with binge eating or
BED (142–144). For example, in a study of 89 obese women and 39 obese
men, subjects with BED have significantly higher lifetime rates of major
depression, panic disorder, and bulimia nervosa (BN) than subjects without
BED (142). Similarly, in a community study of 166 nonbulimic obese
women, those with binge eating behavior had significantly higher rates of
major depression, panic disorder, phobias, and alcohol dependence than
those without binge eating behavior (144). Bingers also had increased over-
all rates of medical comorbidity compared with nonbingers. Thus, a particu-
larly important subtype of obesity may be that associated with a mood
disorder and an eating disorder with binge eating (BED or BN), or more
broadly, mood and eating dysregulation. Conversely, an important subtype
of depression may be that characterized by overeating and overweight (10).

Comorbid disorders may have a significant impact on the presentation,
course, and outcome of mood disorders (104,132,133,145,146). Co-occurring
substance use and anxiety disorders in particular, and comorbidity in gen-
eral, have been associated with an earlier age of onset of affective symptoms,
greater suicidality, less favorable response to pharmacological and psycholo-
gical treatments, and reduced levels of medication adherence in patients with
depressive and bipolar disorders (132,136,141,146).

Indeed, preliminary research suggests obesity in particular in patients
with bipolar disorder is associated with more severe illness and poorer out-
come (25,147). In one group of 175 patients with bipolar I disorder, greater
BMI was correlated with more severe illness and a history of a suicide
attempt (147). In addition, obese patients (35% of the group) had more
depressive and manic episodes, higher baseline Hamilton depression rating
scale (HAM-D) scores, and required more time receiving lithium-based
treatment to achieve acute remission compared with non-obese patients
(25). During maintenance treatment, significantly more obese patients
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experienced a recurrence (N¼ 25, 54%) compared with those who were not
obese (N¼ 28, 35%). Also, the time to recurrence was significantly shorter
for patients who were obese at baseline. When recurrence type was exam-
ined, the percentage of patients experiencing depressive recurrences was sig-
nificantly greater for obese patients (N¼ 15, 33%) than for non-obese
patients (N¼ 11, 14%).

Conversely, co-occurring depressive symptoms and mood disorders
may complicate the course and treatment of many general medical disor-
ders, including those that co-occur with obesity. Thus, depressive symptoms
and major depression impair the functional recovery and increase the mor-
tality from coronary heart disease and stroke (116,148,149). Regarding
treatment adherence, a review of 12 studies found that depressed patients
had three times greater odds of being noncompliant with medical treatment
recommendations compared with nondepressed patients (150). Treatment
modalities and diseases studied included dietary therapy in end stage renal
disease, medication in angina and cancer, and health behavior recommenda-
tions in cancer, renal transplantation, and rheumatoid arthritis. Depression
has also been associated with nonadherence with treatment in patients with
diabetes, especially with exercise and diet recommendations (151–153).

Much less is known about the impact of mood disorders on the course
and treatment of obesity. No controlled prospective study, to our knowledge,
has evaluated the impact of a comorbid mood disorder on the long-term
course or treatment of obesity. Early studies of weight-reduction inter-
ventions, in which patients generally were not screened for mental disor-
ders, reported a relatively high rate of mood disturbances, ranging from
mild depressive and anxiety symptoms to syndromal depression, completed
suicides, and psychoses (154). Subsequent studies of behavioral weight loss
therapy and bariatric surgery, in which patients with significant psycho-
pathology were usually excluded, generally found that such treatments
were associated with improvement in mood as patients lost weight (155–157).
However, the psychiatric status of patients was usually not well character-
ized beyond ratings on depressive symptom scales, which, when reported,
often suggested mild levels of symptoms (i.e., whether or not patients had
syndromal mood disorders was not documented). Also, several groups
have reported return of patients’ depressive symptoms approximately
two years post-surgery, when weight loss plateaued or weight gain
occurred (158,159). Moreover, several studies have shown that depressive
symptoms are associated with nonadherence with behavioral weight loss
therapy of obesity (160–163). In one of the few studies of its type, Jenkins
et al. (163) examined the relationship of psychiatric diagnosis on weight
loss maintenance during and six months after 24 months of individualized
counseling for diet and exercise in 39 obese breast cancer survivors. Nine
subjects had major depressive disorder and 10 had definable disorders of
lesser severity. Subjects with psychiatric disorders had significantly less
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weight loss at both the l2month time-point and the 6-month follow-up
period compared with subjects with no psychiatric disorders (6.3% vs.
12.6% and 1.2% vs. 7.8%, respectively).

Conversely, available research suggests successful weight loss mainte-
nance is associated with a low level of depressive symptoms. In an ongoing
study of a registry of 784 successful weight loss maintainers (629 women),
individuals who had lost at least 13.6 kg (mean loss¼ 30� 15 kg) and main-
tained the loss for at least one year (mean duration¼ 5.5� 6.8 years) had a
level of depressive symptoms that resembled those in community samples
and was lower than those in psychiatric samples (164). Moreover, evaluation
of participants who recovered from weight regain showed that they had
smaller increases in depressive symptoms than those who did not (165).

Taken together, these data suggest that short-term weight loss may
have beneficial effects on mood in persons with mild depressive symptoms,
but that stable mood may be important for long-term maintenance of
weight loss. The effects of weight loss on mood in persons with acute mood
syndromes, however, remains unknown. In treating a patient with obesity
and a mood disorder, therefore, it is important to fully characterize the
patient’s obesity and mood disorder, as well as their general medical and
psychiatric comorbidity profiles, before embarking on a treatment program.
It is also crucial to monitor weight, mood symptoms, any associated general
medical and psychiatric conditions, and adherence with treatment recom-
mendations as treatment progresses.

THERAPEUTIC PROFILES OF PSYCHOTROPIC
AND ANTI-OBESITY DRUGS

Agrowingnumberof psychotropic drugs are beingused in the treatment of per-
sonswithmooddisorders (59–68,166). These include antidepressants andmood
stabilizers, as well as first and second generation (or typical and atypical) anti-
psychotics, older and newer anticonvulsants, and anxiolytics, among others.
Many of these medications have been classified or indicated for use in one
mental disorder, but in fact been shown effective in other psychiatric or gen-
eral medical disorders. Also, many of these medications are used in combina-
tion to treat mood disorders, many have effects on appetite and body weight,
and some have been evaluated in obesity (10,27–29,32–34,58,167).

Similarly, a growing number of anti-obesity drugs are available for the
management of persons with obesity (29–31,49,58,168–171). These drugs
can be broadly categorized into agents that reduce food intake by acting
on the central nervous system (appetite suppressants) and those that modify
fat absorption or otherwise alter metabolism (metabolic agents). Several
drugs with documented efficacy in obesity have received some study in
mood and related disorders (e.g., psychostimulants, topiramate, and sibu-
tramine) (10).
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However, to date, there have been no double-blind, placebo-controlled
pharmacotherapy studies in patients with concurrent obesity and acute syn-
dromal mood disorders. In managing the obese person with a mood disor-
der, therefore, it is imperative to know the complete therapeutic profile of
available psychotropic and anti-obesity agents, including the potential
effects of psychotropics on appetite, body weight, and metabolic para-
meters, and the potential effects of anti-obesity agents on both depressive
and bipolar mood symptoms.

THERAPEUTIC AND APPETITE/WEIGHT PROFILES OF
PSYCHOTROPICS USED IN MOOD DISORDER

Antidepressants

Antidepressants as a class are generally considered first line agents in the
acute, continuation, and maintenance psychopharmacologic treatment of
depressive disorders in adults (59,63,64,67,166,172). Although different
antidepressants and antidepressant classes are comparably effective in major
depressive disorder, some depressive subtypes may respond preferentially to
certain antidepressant classes. Thus, atypical major depression may respond
better to monoamine oxidase inhibitors (MAOIs) than to tricyclic antide-
pressants (TCAs) (173). Women with major depression may respond better
to serotonin selective reuptake inhibitors (SSRIs) than to TCAs, whereas
men appear to respond equally well to both classes (174,175). Pediatric
major depression may respond better to SSRIs than to TCAs (176,177).
In addition, psychotic depression may respond better to antidepressant–
antipsychotic combinations or to electroconvulsive therapy than to single-
drug treatments (178). These differential response patterns reinforce the
concept that depressive illness is a heterogeneous condition, and should be
considered when treating mood disorder patients with obesity and related
conditions.

Presently, fluoxetine is the only drug approved by the U.S. Food and
Drug Administration (FDA) for the treatment of depression in children and
adolescents (age eight years and older) (179,180). It is also the only antide-
pressant approved by the FDA for the treatment of bipolar disorder, where
it is approved for use in combination with olanzapine (as Symbyax) for the
treatment of depressive episodes (181). The use of antidepressants in pedia-
tric depressive disorders and bipolar disorders, however, is somewhat contro-
versial (60,65,68,179–186). This is due to a relative lack of positive efficacy
data with antidepressants as monotherapy agents from double-blind, pla-
cebo-controlled clinical trials along with reports suggesting that these agents
may be associated with untoward psychological effects in both patient
groups. Thus, for pediatric depression, TCAs have consistently failed to
separate from placebo in clinical trials in depressed children (177). In a
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meta-analysis of published (N¼ 5) and unpublished (N¼ 6) controlled trials
of SSRIs in pediatric depression, only two studies of fluoxetine showed
unequivocal positive results (179). For bipolar depression, not one single
antidepressant drug or antidepressant class has been shown to be effective
as monotherapy in at least two adequately powered, placebo-controlled clin-
ical trials (68). Untoward psychological effects associated with antidepres-
sants in children and adolescents have been broadly described as
behavioral disinhibition or activation, and include suicidal and impulsive
aggressive behavior; hypomanic, manic or mixed symptoms; and rapid
mood cycling (179,180). Use of antidepressants in patients with bipolar dis-
orders has been associated with induction of manic and mixed states and
rapid mood cycling, which can be associated with suicidality and aggression
(182,184). One study found that antidepressant treatment of bipolar depres-
sion was more likely to be characterized by short-term nonresponse and loss
of response, as well as manic switching and cycle acceleration, compared
with that of unipolar depression (184). Of note, how often antidepressant-
associated behavioral disinhibition in children represents prodromal or
early-onset bipolar disorder is not yet known, but antidepressant treatment
may be more likely to unmask an underlying bipolar disorder in children
and adolescents than in adults (186). Also, emerging data indicate that some
antidepressants (particularly, ‘‘single action’’ agents such as SSRIs and
bupropion) may be less likely to induce manic switching and cycle accelera-
tion than others (such as ‘‘multiple action’’ agents like TCAs and venlafax-
ine) (184,186). In addition, when administered with mood stabilizers or
atypical antipsychotics, antidepressants may be effective in the short-term
treatment of bipolar depression with a low rate of switching (181,185).

In short, some children with depressive disorders will require acute
and maintenance treatment with antidepressants for optimal response,
whereas others may develop behavioral disinhibition. Similarly, some bipo-
lar patients will require acute and maintenance treatment with antidepres-
sants (usually in combination with mood stabilizers) for optimal response,
whereas others will destabilize upon antidepressant exposure. Importantly,
for any patient who worsens on an antidepressant, it is crucial to determine
whether or not the drug has induced manic symptoms or mood cycling. In
our experience, affective dysregulation, including that induced by antide-
pressants, may be associated with increased appetite, hyperphagia, weight
gain, and exacerbation of comorbid conditions, including eating disorders
with binge eating (187). Indeed, it is our opinion that antidepressant-
induced affective dysregulation may be one cause of weight gain in bipolar
patients, including those with occult or soft spectrum forms of the disorder.

Just as antidepressants have varied effects in different mood disorder
subtypes, they also have different effects on appetite and body weight. Agents
that stimulate appetite or cause weight gain include TCAs (tertiary amines
more so than secondary amines), monoamine uptake inhibitors (MAOIs),
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and the novel antidepressant mirtazipine (32–34,188,189). Agents that are
weight neutral or may even suppress appetite or reduce body weight, at least
over the short term, include some SSRIs (especially fluoxetine), the novel
noradrenergic agent bupropion, and the serotonin–norepinephrine selective
reuptake inhibitor (SNRI) venlafaxine (190–200). For SSRIs, controlled data
indicate that this weight loss may not be sustained over the long term, but
data are mixed as to whether there is weight gain above baseline weight
(20,188,189). Paroxetine, though, may be more likely than other SSRIs to
be associated with weight gain (188,193,201,202). The precise mechanism(s)
of appetite suppression and weight loss of these agents are unknown, but they
enhance serotonergic or noradrenergic function without antagonizing seroto-
nin, histamine, and/or dopamine receptors (203–206). [Of note, the antiobe-
sity agent sibutramine is a serotonin–norepinephrine selective reuptake
inhibitor similar to venlafaxine (29–31,169).]

Several antidepressants associated with appetite suppression and
weight loss have received empirical study in obesity and related conditions
(28). In a series of double-blind, placebo-controlled trials, the SSRI fluoxe-
tine, usually at a dose of 60mg/day, was shown to have dose-related, mod-
est, short-term (e.g., from six weeks to six months) weight loss effects in
obese patients that were also associated with improvement in obesity-related
cardiovascular risk factors such as hyperglycemia and hypercholesterolemia
(31,207–212). However, in subsequent long-term studies, most of the lost
weight was regained by one year despite continued drug therapy
(31,209,211). An important exception is a meta-analysis of the six rando-
mized controlled trials of fluoxetine in adults with type 2 diabetes which
showed that modest weight loss persisted at 52 weeks (213). Specifically,
mean weight reductions were 3.4 kg (95% CI, 1.7–5.2 kg) at 8–l6 weeks of
treatment; 5.1 kg (95% CI, 3.3–6.9 kg) at 24–30 weeks; and 5.8 kg (95%
CI, 0.8–10.8 kg) at 52 weeks. Glycolated hemoglobin was also modestly
reduced [1.0% (95% CI, 0.4–l.5%) at 8–16 weeks; 1.0% 95% CI, 0.6–1.4%
at 24–30 weeks; and 1.8% (95% CI, �0.2–3.8%) at 52 weeks].

Regarding other SSRIs in the treatment of obesity, a 16-week trial of
femoxetine 600mg/day in 73 obese patients in general practice showed simi-
lar weight loss in patients receiving active drug (median¼ 8.3 kg) compared
with patients receiving placebo (median¼ 6.2 kg) (214). However, there was
a trend for greater weight loss in those patients with obesity for more than
20 years and in those patients receiving previous anorectic treatments. Two
studies of citalopram in obesity were negative (215,216). The first was a 12-
week trial of 60mg/day in 65 patients with severe obesity and the second
was a 6-month, cross-over trial of 40mg/day in 16 men with abdominal obe-
sity. Two short-term studies (12 and 13 weeks, respectively) of fluvoxamine
in patients with obesity were also negative but both studies were small (40
subjects in each) (217,218). Nonetheless, in one study, subjects receiving
fluvoxamine achieved a greater mean weight loss than those receiving

Medical Management of Obesity Associated with Mood Disorders 379



placebo (217). In an uncontrolled comparison of two consecutive series of
obese patients (BMI� 30) with similar characteristics receiving six months
of cognitive behavioral therapy (CBT) for weight loss, patients receiving ser-
traline 150mg/day plus CBT (N¼ 65) lost significantly more weight than
patients receiving CBT alone (N¼ 60; 6.5% vs. 3.0 %; p < 0.01) (219). In
the only controlled study of sertraline in obesity, sertraline 200mg/day
was not different from placebo in preventing regain of weight in 30 obese
women who completed 54 weeks of relapse prevention training following
a very low calorie diet, even though active drug was initially associated with
greater weight loss (220).

In short, of the SSRIs, only fluoxetine has been adequately studied in
obesity, where its modest short term (from six weeks to six months) weight
loss effects were shown not to persist at one year, except perhaps in dia-
betics, at a dose of 60mg/day. The basis for the loss of fluoxetine’s weight
loss effect is unknown. [By comparison, in the long-term treatment studies
of dexfenfluramine, sibutramine, and orlistat, the majority of the weight
loss occurred in the first six months of treatment with a plateauing or partial
but incomplete weight increase occurring in the following six months
(58,168–170).]

Of note, SSRIs have been reported to improve metabolic and/or neu-
roendocrine parameters in the absence of weight loss (218,221,222). In one
of the studies of fluvoxamine in obesity, post-treatment cholesterol levels
were significantly lower in the fluvoxamine group than in the placebo group
(218). Breum et al. (221) randomized 40 obese patients with type 2 diabetes
or impaired glucose tolerance (IGT) to fluoxetine 60mg/day or placebo in
conjunction with diet. Both groups displayed similar significant weight loss
with a nadir at six months and no differences at 12 months. Glycemic reg-
ulation improved in the 29 patients who completed the 12 months trial, but
patients receiving fluoxetine (N¼ 15) showed a greater decline in fasting glu-
cose and C-reactive protein levels. Maheux et al. (222) treated 12 obese type
2 diabetic patients with fluoxetine or placebo for four weeks and assessed
insulin-mediated glucose disposal by the euglycemic hyperinsulinemic clamp
technique. Compared to placebo-treated patients, fluoxetine-treated patients
showed increased glucose disposal, an increased insulin sensitivity index,
and an increased glucose metabolic clearance rate, despite no changes in
weight. As noted earlier, Ljung et al. (216) treated 16 nondepressed abdom-
inally obese men with citalopram or placebo for six months using a double-
blind, cross-over design with a 2-month wash-out period between treatment
periods. Although there were no changes in BMI and WHR with citalo-
pram, patients showed improvement in neuroendocrine and metabolic para-
meters, such as normalization of abnormally low morning cortisol levels, a
tendency for oral glucose tolerance test glucose concentrations to be
decreased, and a tendency for diurnal urinary methoxycatecholamine excre-
tion to decrease.
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In contrast, successful sertraline and paroxetine treatment has been
associated with statistically and clinically significant increases in low-density
lipoprotein (LDL) cholesterol in panic disorder patients (223). Indeed, par-
oxetine administration in healthy male volunteers has been shown to induce
an 11.5% increase in LDL cholesterol without associated changes in physical
activity, weight, or diet (224). This increase in LDL cholesterol normalized
after drug discontinuation. To complicate matters further, preliminary clin-
ical data suggest that antidepressant-resistant depression may be associated
with cholesterol levels greater than 200mg/dL as well as higher triglyceride
levels (225). Further research on the metabolic profiles of antidepressant
agents and different mood disorder subtypes is greatly needed (226,227).

The SSRIs do not appear to be effective in olanzapine-induced weight
gain. In an eight-week clinical trial comparing olanzapine monotherapy with
the combination of olanzapine and fluoxetine in patients with bipolar depres-
sion, both groups showed comparable weight gain that was significantly
greater than placebo (180). In addition, a small double-blind, placebo-
controlled study showed that coadministration of fluoxetine (20mg/day)
with olanzapine (l0mg/day) for eight weeks was ineffective in preventing
weight gain in 30 first-episode hospitalized patients with schizophrenia
(228). The group receiving fluoxetine also showed significantly less improve-
ment in positive and disorganized symptom dimensions. In contrast,
fluoxetine has been reported to be effective clinically for excessive weight
gain in postpartum women without depression and for steroid-induced
obesity in patients with myasthenia gravis (229,230).

Bupropion has been shown superior to placebo in inducing modest
weight loss in overweight or obesity in three double-blind, controlled trials,
including one long-term (48-week) trial (231–233). In the first study, bupro-
pion (mean dose 352mg/day) was superior to placebo over eight weeks of
treatment in inducing weight loss in 50 overweight or obese women (BMI
28.0–52.6 kg/m2) without ‘‘serious/unstable psychiatric illness’’ (231). In
the intent-to-treat analysis, bupropion subjects (n¼ 25) lost an average
4.9% of body weight compared with 1.3% in placebo subjects (n¼ 25;
p¼ 0.0001). Importantly, subjects receiving bupropion showed significantly
better compliance with dietary recommendations.

In the second study, which was 26 weeks in duration, bupropion sus-
tained release (SR) (300mg/day) was superior to placebo in inducing weight
loss in obese patients who had depressive symptoms [Beck Depression Inven-
tory (BDI) scores of 10–30] but who did not meet DSM-IV criteria for major
depression (232). Mean baseline BMIs were 36.0 and 35.6 and mean BDIs
were 15.2 and 15.1, respectively, in the bupropion and placebo groups. After
six months, the patients receiving bupropion (n¼ 195) lost a mean of 4.4 kg
compared with a mean of 1.7 kg in patients receiving placebo (n¼ 191). Of
note, the mean decrease in BDI scores significantly favored bupropion only
in the subgroup of patients with a past history of major depression.
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In the third study, 327 subjects with obesity were randomized to
bupropion SR 300mg/day (n¼ 110), bupropion SR 400mg/day (n ¼105),
or placebo (n¼ l 12) for 24 weeks (placebo) or 48 weeks (bupropion)
(233). Subjects receiving bupropion 300mg/day had significantly greater
weight loss than placebo-treated subjects at 20 weeks. Subjects receiving
bupropion 400mg/day had significantly greater weight loss than placebo-
treated patients at weeks 12,16, 20, and 24 and bupropion 300mg/day-trea-
ted patients at weeks 24, 26, 30, 36, and 42. After 24 weeks of treatment,
placebo-treated subjects were randomized to bupropion 300mg/day or
400mg/day and displayed additional weight loss. Patients receiving bupro-
pion for 48 weeks showed a nadir in their weight loss at 32 or 36 weeks, and
then showed a nonsignificant weight increase during subsequent weeks.
Weight losses as the percentage of initial body weight at 48 weeks were
7.5% and 8.5% for bupropion 300 and 400mg/day, respectively, in the com-
pleters’ analyses. These data suggest bupropion’s weight loss effects, unlike
those of the SSRIs, may persist for up to one year.

Bupropion has also been shown to mitigate the weight gain associated
with smoking cessation (234). There are no controlled studies of bupropion
in psychotropic-induced weight gain. However, the selective norepinephrine
reuptake inhibitor antidepressant reboxetine, which promotes noradrenergic
neurotransmission as bupropion is thought to do, has been shown to reduce
olanzapine-induced weight gain in a controlled study of 26 patients with
schizophrenia (235). Patients receiving olanzapine with reboxetine 4mg/day
displayeda statistically significant lower increase in bodyweight (mean¼ 2.5 kg)
than those receiving olanzapine with placebo (mean¼ 5.5 kg) after six weeks of
treatment. Significantly fewer patients in the olanzapine/reboxetine group
(20%) gained at least 7% of their initial weight than in the olanzapine/placebo
group (70%). The reboxetine-treated patients also showed a statistically
significantly greater reduction in depressive symptoms (as measured by the
HAM-D).

Of note is a growing literature on the concurrent use of antidepressants
with noradrenergic and serotonergic mechanisms, including those agents
associated with weight loss, in patients with treatment-resistant mood disor-
ders (236–239). Preliminary controlled data suggest such combination treat-
ments may be more likely to result in remission than treatment with selective
agents for some patients with depression. Thus, the combination of SSRIs
with bupropion or desipramine has been reported to successfully treat
depressed patients inadequately responsive to monotherapy with these med-
ications. Comparable reports, however, have not appeared for obese patients
or for mood disorder patients with obesity. Thus, no controlled trials have yet
assessed combination treatment with serotonergic and noradrenergic antide-
pressants in patients with depressive syndromes and obesity. Nonetheless, in
our clinical experience, such pharmacotherapy combinations can be particu-
larly useful for some obese patients with depressive disorders.
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As noted earlier, no controlled study has yet evaluated an antidepres-
sant in patients with concurrent major depressive disorder and obesity.
However, antidepressants have been shown to be effective in major depres-
sion when it co-occurs with some of the general medical disorders that fre-
quently complicate obesity. Thus, SSRIs have been shown to be effective in
major depression in patients with type 2 diabetes, recent stroke, and acute
myocardial infarction or unstable angina, and bupropion has been shown
effective in elderly depressed patients with various comorbid medical disor-
ders (106,240–243). There is also preliminary evidence that antidepressants
may reduce mortality after postroke depression, and that SSRIs may
decrease the risk of myocardial infarction (244,245).

Antidepressants have also been shown to be effective in some of the
mental and general medical conditions that co-occur with major depression,
including those that may also co-occur with obesity. Regarding the comor-
bidity among depressive disorders, obesity, and binge eating, several antide-
pressant classes have been shown to be effective in BN, BED, or their
variants (e.g., non-purging bulimia or obesity with binge eating) (246–249).
Thus, the binge eating and purging of BN have been shown to respond to
the TCAs imipramine, desipramine, and amitriptyline; the SSRI fluoxetine;
the MAOIs phenelzine, isocarboxazid, and brofaromine; and the novel
agents bupropion and trazodone in double-blind, placebo-controlled trials.
Fluoxetine is approved by the FDA for the treatment of BN. In the fluoxe-
tine trials of BN, 60mg was superior to 20mg in reducing binge eating (and
purging), and the drug was shown to have long-term (up to 52-week) effi-
cacy (246–248). The binge eating of BED has been shown to respond to
the TCAs desipramine and imipramine and the SSRIs fluoxetine, fluvoxa-
mine, citalopram, and sertraline (249). Moderate weight loss occurred
with the SSRIs, but not with the TCAs. Since the SSRI trials in BED were
short term (from six to nine weeks), it is unknown if the anti-bingeing and
weight loss effects of these agents persist over longer treatment periods in
this disorder.

TCAs, MAOIs, SSRIs, and SNRIs have all been shown to be effective
in the treatment of many of the anxiety disorders (166,250). Several SSRIs
and venlafaxine are approved by the FDA for the treatment of panic disor-
der (fluoxetine, paroxetine, and sertraline), generalized anxiety disorder
(GAD) (venlafaxine), social anxiety disorder (paroxetine, sertraline, and
venlafaxine), and/or post-traumatic stress disorder (PTSD) (fluoxetine, par-
oxetine, and sertraline). The TCA clomipramine and the SSRIs fluoxetine,
fluvoxamine, sertraline, and paroxetine are approved for obsessive compul-
sive disorder (OCD) in adults. Clomipramine, fluoxetine, fluvoxamine, and
sertraline have FDA approval for use in pediatric OCD. Bupropion, in
contrast, is not approved for the treatment of any anxiety disorder.

Studies of antidepressants have yielded mixed results in substance use
disorders, impulse-control disorders, and migraine. For example, SSRIs
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may be helpful in reducing alcohol consumption in some forms of alcohol
misuse (type A or late onset alcoholism and heavy drinking or alcohol
dependence with comorbid depression) but counterproductive in others
(type B or early onset alcoholism) (251). Bupropion is indicated for the
treatment of nicotine dependence, but has not been reported to be helpful
in other substance use disorders (234). SSRIs have been reported to be both
effective and ineffective in various impulse control disorders, such as tricho-
tillomania, pathological gambling, compulsive shopping, and psychogenic
excoriation (252,253). Mixed results have similarly been reported for antide-
pressants in migraine prevention, with most positive data supporting ami-
triptyline (254).

Mood Stabilizers

Lithium, valproate, carbamazepine, most second generation antipsychotics,
and some first generation antipsychotics have all been shown to be effective
in acute mania (60,66,68,166,255). Lithium, the atypical antipsychotics olan-
zapine and quetiapine, and the novel anticonvulsant lamotrigine have each
been shown to be effective in acute bipolar depression (60,65,68,255).
Lithium, valproate, olanzapine, and lamotrigine all have evidence of main-
tenance efficacy (60,68,255). However, lithium, valproate, and olanzapine
appear to be more effective for preventing mania than depression, whereas
lamotrigine appears to be more effective for preventing depression than
mania (68).

None of these medications have been evaluated in obesity. Indeed, the
majority of these medications are associated with weight gain (27,32–34).
Agents that are primarily weight neutral or associated with minimal weight
gain are lamotrigine, the atypical antipsychotics aripiprazole and ziprasi-
done, and the typical antipsychotic molindone (27). To date, no pharmaco-
logic agent has been identified that has clearly documented antimanic
properties and is also associated with weight loss.

Unfortunately, the effectiveness of these agents in binge eating beha-
vior and eating disorders with binge eating, conditions that are related to
bipolar disorders as well as to depressive disorders and obesity, has not been
adequately studied. Lithium, valproate, and carbamazepine have all been
reported to be effective in isolated cases of BN with comorbid bipolar dis-
order (187). Lithium was also reported effective in an open trial in women
with BN (256). A subsequent placebo controlled trial in 91 female BN
patients without bipolar disorder showed lithium (mean level 0.62 mEq/L)
was not superior to placebo in decreasing binge eating episodes, except
possibly in depressed patients (257). However, this study is difficult to inter-
pret because nondepressed patients receiving placebo showed just as signifi-
cant a reduction in binge eating as did nondepressed patients receiving
lithium. A small (n¼ 6) controlled trial of carbamazepine in BN was

384 McElroy et al.



negative, but also had methodological limitations (258). Possibly consistent
with their weight gain profiles, atypical antipsychotics have been reported to
induce binge eating behavior in persons with eating and psychotic disorders
(259–261). Valproate has been reported to increase binge eating and weight
gain in patients with BED and comorbid bipolar disorder (262).

Many of these agents have been reported to be effective in other con-
ditions that co-occur with depressive and bipolar disorders. Thus, lithium,
valproate, carbamazepine, olanzapine, and risperidone have been found to
be effective in various conditions with impulsive features, such as intermit-
tent explosive disorder, borderline personality disorder, and conduct disor-
der (136). Valproate and atypical antipsychotics may have anxiolytic
properties, respectively, as monotherapy in panic disorder and as adjunctive
agents in refractory OCD, PTSD, or GAD (136,263). Valproate has been
shown superior to placebo in controlled trials in migraine prevention, for
which it has an FDA indication (264).

The therapeutic profiles of available psychotropics are important to be
cognizant of, because these agents may have utility in the psychiatric and
general medical disorders that can co-occur in the obese patient with a mood
disorder. Conversely, obesity may develop as a side effect in mood disorder
patients from the use of agents associated with weight gain, including in
patients receiving them for comorbid conditions.

Antiepileptics

Topiramate and zonisamide are novel antiepileptics reported clinically to
have antimanic, antidepressant, and long-term mood stabilizing properties
in patients with bipolar I and II disorders (197,265–269). Controlled studies
of topiramate in acute bipolar mania in adults, however, did not demon-
strate separation from placebo on mania ratings, although the drug was
superior to placebo in a prematurely terminated study in adolescent mania
(270,271). Topiramate was also comparable to bupropion in reducing
depressive symptoms in a single-blind comparator trial in bipolar I depres-
sion (197). To date, there have been no double-blind, placebo-controlled
studies of topiramate monotherapy in bipolar depression, unipolar major
depression, or in the long-term maintenance treatment of bipolar or depres-
sive disorders. Nor have there been any controlled studies of zonisamide in
depressive or bipolar disorders. Thus, the complete thymoleptic profiles of
these two novel anticonvulsants are presently unknown.

Topiramate and zonisamide were each associated with anorexia and
weight loss in controlled studies in patients with epilepsy (272–274). This
finding of weight loss led to positive double-blind, placebo-controlled
studies of both drugs in patients with obesity (275–277). For topiramate,
the weight loss was shown to be dose related and to plateau after 12–18
months of treatment. Topiramate has also been shown in double-blind,
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placebo-controlled trials to be effective in many of the conditions that co-
occur with mood disorders, including BED, BN, alcohol dependence, and
migraine (278–281). Moreover, topiramate was associated with weight loss
in the controlled trials in these conditions, in the controlled bipolar mania
trials, and in the single-blind bipolar depression trial. Open data suggest zoni-
samide may reduce binge eating and induce weight loss in patients with BED
(282). Both topiramate and zonisamide have been used successfully to treat
weight gain and obesity in patients with bipolar disorder receiving mood sta-
bilizers and antipsychotics (265,283–286).The weight loss has sometimes been
long term and associated with improvement in metabolic indices. Two open-
label, prospective trials suggest that initiating treatment with the combination
of topiramate with either risperidone or olanzapine may successfully stabilize
mood in patients with bipolar disorder while preventing weight gain (284,285).
Additionally, topiramate has been used to treat weight gain in patients with
treatment-resistant major depression receiving antidepressants, in patients
with anxiety disorders receiving SSRIs, and in patients with schizophrenia
receiving antipsychotics (287–292). The mechanism(s) of the anorectic and
weight loss effects of these drugs are unknown, but topiramate’s may be
related to its anti-glutamatergic action whereas zonisamide’s has been hypo-
thesized to be due to its dual effects on serotonin and dopamine (275,277,278).

Psychostimulants

Although no stimulant is approved by the FDA for the treatment of a
mood disorder, these agents are relatively commonly used in patients with
depressive and bipolar disorders for several reasons (293–296). First, their
effectiveness in various depressive syndromes remains unclear. A review of
10 controlled studies published in 1989 suggested stimulants were not super-
ior to placebo as monotherapy in the short-term treatment of outpatient
major depression (294). However, many of these studies had methodological
limitations, including unclear entry criteria and high placebo response rates.
Second, mounting reports, including several double-blind, placebo-
controlled studies, have found stimulants effective in treating depressive
syndromes associated with general medical illness (295,296). Thus,
d-amphetamine was shown superior to placebo in reducing anxious-depres-
sive symptoms in obese patients; methylphenidate was found superior to
placebo in older, depressed, medically ill patients; and d-amphetamine,
methylphenidate, and pemoline were each found superior to placebo in
reducing depressive symptoms and fatigue in ambulatory patients with
human immunodeficiency virus disease (297–300). There have also been
reports of the successful use of various stimulants to augment antidepres-
sants in treatment-resistant and treatment-refractory mood disorder
patients. For example, d-amphetamine has been used to potentiate MAOIs,
TCAs, and SSRIs in patients with treatment-refractory major depression
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(296,301,302). Similarly, modafinil, a novel alerting agent approved for the
treatment of narcolepsy and obstructive sleep apnea, has been used as an
adjunctive agent to treat residual fatigue, sleepiness, and hypersomnia in
patients with major depressive disorder and bipolar disorder (303–307).

A third reason stimulants are frequently used in mood disorder
patients is that the conditions for which they are approved, namely ADHD
and (for modafinil) obstructive sleep apnea, often co-occur with mood dis-
orders (122). Moreover, there are reports that some of these agents may be
effective in other conditions that co-occur with mood disorders. Thus,
methylphenidate has been reported to reduce binge eating and purging in
BN, including in patients resistant to antidepressants (308–310).

Virtually all psychostimulants, with the possible exception of the novel
agent modafinil, are associated with appetite suppression and weight loss
(29). [Modafinil was associated with weight loss in one short-term study,
but not in the clinical trials in patients with narcolepsy, even though narco-
lepsy may be associated with obesity (303,304,311,312)]. Some of these
agents (phentermine, diethylpropion, mazindol, and phenylpropynolamine)
have FDA approval for the short-term treatment of obesity (29–31).
Although not approved for long-term use, phentermine’s weight loss effects
have been shown to persist for up to one year (313). The appetite suppres-
sant and weight loss effects of these drugs have been attributed to their
enhancement of brain catecholamine function, which includes promotion
of dopamine and norepinephrine release and blockade of dopamine and
norepinephrine reuptake.

Although not classified as a stimulant, atomoxetine is a highly selective
norepinephrine reuptake inhibitor approved for use in ADHD that has been
associated with anorexia and weight loss in children and adults (314,315). It
has also been shown to reduce food consumption in animal models of feed-
ing (316). Preliminary open data suggest atomoxetine may have antidepres-
sant properties, but the drug has not yet been evaluated in obesity (317).

Dopamine Agonists

Dopamine agonists have received preliminary study in mood disorders and
obesity. Regarding mood disorders, several of these drugs (amantadine,
bromocriptine, cabergoline, pergolide, and pramipexole) have been reported
in open studies to be effective when used adjunctively in patients with treat-
ment-resistant depression (318–323). Pramipexole has been shown superior
to placebo and comparable to fluoxetine as monotherapy in reducing depres-
sive symptoms in an eight-week dose finding study of major depression
(N¼ 174) (324). At 1.0mg/day, pramipexole was superior to placebo; at
5.0mg/day, the drug also appeared to be effective but the high drop out rate
precluded statistical analysis. Pramipexole has also been shown superior to
placebo in two small (N¼ 22 and 21) six-week studies as adjunctive therapy
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in bipolar depression (mean dose 1.7mg/day in both studies) (325,326). In
addition, amantadine has been shown to be more effective than placebo
and pemoline in treating fatigue in patients with multiple sclerosis (327).
Unfortunately, effects on weight were not reported in any of these studies.

Regarding obesity, bromocriptine (1.6–2.4mg/day) was shown super-
ior to placebo in reducing weight and improving glucose tolerance in an
18-week study in 17 obese patients (328). Bromocriptine was also shown
to improve glycemic control and glucose tolerance in a placebo-controlled,
16-week study of 22 obese patients with type 2 diabetes who were prescribed
a weight maintaining diet (329). Although no other dopamine agonists
have been assessed in the treatment of obesity, open studies suggest aman-
tadine may be helpful for weight gain due to atypical antipsychotics and
mood stabilizers, including in patients with bipolar disorder (330,331).
For example, Floris et al. (330) treated 12 patients (2 with bipolar disorder)
with amatadine (mean dose¼ 175mg/day) who had experienced a mean
weight gain of 7 kg since beginning olanzapine therapy. Weight gain ceased
almost immediately following addition of amantadine in all 12 patients.
After six months, all but one of the patients lost weight, and mean weight
loss was 3.5 kg.

Opiate Antagonists

Animal and human studies indicate that the endogenous opiod system
is involved in the regulation of affective responses and eating behavior
(332–334). Naltrexone is a competitive opioid receptor antagonist approved
by the FDA for treating opiate and alcohol dependence that has been
reported to also have short-term anorectic and weight loss properties in sub-
stance use disorder patients, healthy volunteers, and obese persons (333,334).
Three small eight-week, placebo-controlled studies of naltrexone in obesity,
however, have been negative (335–337). Dosages evaluated in these studies
were 50 and l00, 200, and 300mg/day, respectively. Similarly, placebo-
controlled studies suggest naltrexone at doses of 50–150mg/day is ineffective
in binge eating associated with BN or BED (338,339). Case reports and open
studies, though, suggest higher doses of the drug (200–400mg/day) may be
effective in some patients with BN and BED, including those refractory to
antidepressants (340–342). In these patients, naltrexone was associated with
therapeutic weight loss and improvement in metabolic parameters.

Despite evidence indicating that the opioid system is involved in the
regulation of affect and the high comorbidity between mood and substance
use disorders, opiate antagonists have not been studied in controlled trials in
mood disorders. A preliminary double-blind, placebo-controlled study,
however, found naltrexone (mean dose 187.5mg) to be effective in patholo-
gical gambling (104,131,332,343). Extensive research has shown that patho-
logical gambling is related to substance use, mood, and attention deficit
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hyperactivity disorders (344). In addition, problem gambling may be asso-
ciated with binge eating and use of weight control efforts (345). Thus,
naltrexone may be helpful for the obese mood disorder patient who has a
co-occurring substance use or impulse control disorder, or treatment-resistant
binge eating, especially if the binge eating has addictive or impulsive features.

ANTI-OBESITY DRUGS IN MOOD AND RELATED DISORDERS

As discussed earlier, the psychostimulants amphetamine and methylpheni-
date, which are effective in inducing weight loss but are no longer approved
for obesity because of their questionable efficacy in weight-loss maintenance
and their abuse potential, have been the most extensively studied centrally-
active weight loss agents in depression (29,171,293–296). We were unable to
find published controlled trials of other centrally acting antiobesity agents in
mood disorders. However, preliminary data suggest that some of these
agents may have antidepressant properties. The serotonergic agents fenflur-
amine and/or dexfenfluramme (which have been removed from the market
for safety concerns) have been reported to improve depressed mood in obe-
sity, as well as premenstrual depression, bipolar depression, seasonal affec-
tive disorder, and BN (297,346–349). Fenfluramine has also been shown to be
superior to placebo in treating binge eating associated with both BN and
BED, although in the latter study it was not associated with significant
weight loss. Sibutramine and its metabolites have displayed antidepressant
properties in animal models of depression (349–352). Although there are
no published studies of sibutramine in patients with major depressive disor-
der, the drug has been shown superior to placebo in reducing depressed
mood, along with binge eating behavior and body weight, in obese patients
with BED (353).

Further supporting the possibility that these agents have antidepres-
sant properties are reports that they have induced mania and manic symp-
toms. Thus, as noted earlier, various stimulants, fenfluramine, and
sibutramine have each been associated with the induction of manic syn-
dromes (35–37,39). These agents should therefore be used cautiously in
patients with bipolar disorders.

There have been no controlled studies of peripherally acting anti-
obesity agents (e.g., gastrointestinal lipase inhibitors) in obese patients
with mood disorders, though cases of patients with major depression and
bipolar disorder successfully receiving orlistat for psychotropic-associated
weight gain have been described (354–356). In one report, orlistat promoted
varying degrees of weight loss (1–8.7% of body weight) over an eight-week
period with minimal changes in psychotropic drug plasma levels (355).
However, there is a case report of one patient with bipolar II disorder
who developed depression after addition of orlistat to venlafaxine upon
three successive occasions (357). There are also case reports of eating
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disorder patients abusing the drug (358–360). We observed an obese patient
with BN who misused orlistat to compensate for her binge eating behavior
in the midst of a major depressive episode (360). Thus, our group will use
orlistat in obese patients with mood disorders, but we monitor mood symp-
toms very closely. Also, in obese patients with comorbid eating pathology
(with or without mood disorders), we further monitor the patient’s eating
behavior and use of the drug. We tend to avoid using orlistat in patients
with severe binge eating, any type of purging behavior, or poor insight into
their pathological eating behaviors.

RESPONSE TO COMBINATION TREATMENT

Another important treatment similarity shared by obesity and mood disor-
ders is that both conditions may respond to combination therapy. Thus, sev-
eral drug–drug combinations have been reported to be effective in
controlled trials for obesity, major depression, and bipolar disorder. These
include fenfluramine with phentermine for obesity; antidepressants with
lithium for major depression; mood stabilizers (lithium or valproate) with
atypical antipsychotics (olanzapine, risperidone, and quetiapine) for bipolar
I mania; and fluoxetine with olanzapine for bipolar I depression
(29,68,181,361). (Unlike for obesity, however, mood disorders have been
shown to respond better to these combination treatments than to single drug
treatments in controlled trials.) In addition, obesity, major depression, and
bipolar disorder have each been shown to respond better to pharmacother-
apy in combination with psychological treatments than to pharmacotherapy
alone in randomized controlled trials (362–369). Although not yet formally
tested, such combination treatment approaches are likely to be especially
important in the management of some obese patients with mood disorders.

ASSESSMENT OF THE PATIENT WITH OBESITY
AND A MOOD DISORDER

Patients with comorbid obesity and a mood disorder may present with com-
plaints related to their weight, their mood disorder, or another comorbid
general medical or mental disorder as their primary reason for obtaining
treatment. Thus, the patient presenting with overweight or obesity (especially
severe obesity) should be evaluated for a mood disorder, whereas the patient
presenting with signs and symptoms of a mood disorder should be eval-
uated for a weight disorder, including overweight and obesity as well as
abdominal obesity and the metabolic syndrome. Not uncommonly in the
comorbid patient, stabilizing a disorder that the patient is not requesting
immediate treatment for (hypomania or major depression) may be clini-
cally indicated in order to stabilize the disorder directly related to the
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patient’s chief complaint (obesity). It is therefore crucial to assess the rela-
tive severity of both conditions in the comorbid patient, the distress and
impairment both conditions are causing the patient, the presumed etiologic
relationship among the conditions (if any) for that patient, and the
patient’s goals, treatment preferences, and resources for treatment.

A complete assessment for a lifetime mood disorder includes a psy-
chiatric and medical history, family and social history, and mental status
exam with a focus on current and lifetime mood, psychotic, anxiety, sub-
stance use, eating, and impulse control disorder signs and symptoms.
Because bipolar disorder frequently presents as depression, comorbid Axis
I disorders, Axis II personality disorders, behavioral dysregulation (includ-
ing hypersexuality and antisocial behavior), or general medical disorders
(e.g., migraine and other types of pain), it is important to carefully evaluate
for a history of hypomania or mania, including subthreshold hypomanic
symptoms, in patients with these presentations (370). Because patients often
have difficulty identifying or recognizing hypomania, the use of screening
instruments, such as the Mood Disorder Questionnaire (MDQ) or the
Hypomania Symptom Checklist, and structured clinical interviews, such
as the Structured Clinical Interview for DSM-IV (SCID), in combination
with consultation of a significant other (with the patient’s permission), will
improve the identification of bipolarity, particularly ‘‘soft’’ or ‘‘occult’’
forms (371–373).

A complete assessment of obesity by a mental health professional
should at minimum include determination of the patient’s height, weight,
and BMI; lifetime weight history; general medical history, including pre-
sence or absence of those conditions that are associated with obesity and
mood disorders; and assessment of family weight and general medical pro-
blems (374). Other useful parameters to assess include waist circumference,
vital signs and certain laboratory parameters, such as fasting glucose, lipid
profile, and liver function tests. Ideally, in the treatment of a patient with
obesity and mood disorder, there should be collaboration between the
patient’s mental health professional and his or her primary care provider.

OBESITY AND DEPRESSIVE DISORDERS

When treating an obese patient with a depressive disorder, management of
the obesity and depression ideally should proceed concurrently. This entails
keeping both conditions a focus of clinical concern with regular monitoring
of depressive symptoms, weight, and appropriate medical variables (e.g.,
vital signs and metabolic indices) as treatment progresses.

However, the clinical situation may dictate that treatment of one con-
dition should proceed before treatment of another. Thus, if the depression is
mild and the patient’s primary goal is to achieve weight loss through chan-
ging his or her diet and exercise habits, a standard behavior weight loss
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program might be safely initiated before treating the depression. Alterna-
tively, if specialized treatment is available, cognitive behavior therapy
(CBT) focusing on both weight loss and depressive symptoms would be
another option. Inadequate adherence or progress with behavioral weight
management or CBT should prompt consideration of pharmacotherapy of
depressive symptoms––either with an antidepressant with a weight loss pro-
file (bupropion, venlafaxine, or an SSRI) or an anti-obesity agent with
potential antidepressant properties (sibutramine). Conversely, if a moderate
to severe major depressive episode is present, or if depressive symptoms are
associated with functional impairment, suicidal ideation, or psychotic fea-
tures, the depression probably should be pharmacologically treated before
a behavioral weight management program is initiated. Antidepressants that
have weight loss properties or are weight neutral might be chosen as first-
line agents. Topiramate or zonisamide might be considered as adjunctive
therapy in patients inadequately responsive to antidepressant treatment or
those who have associated affective instability, hyperphagia (especially if
there is a compulsive component), or comorbid binge eating behavior,
BED, BN, substance abuse, or migraine. Stimulants or dopamine ago-
nists could be considered as adjunctive therapy in patients with residual fati-
gue, comorbid ADHD, binge eating, or significant general medical illness.
Use of lithium augmentation and antidepressants associated with weight
gain, such as TCAs, MAOIs, or mirtazapine, would be reserved for patients
with treatment-resistant depression. Topiramate, zonisamide, stimulants, or
dopamine agonists could also be added to the regimens of those patients
who respond to such agents but who experience appetite stimulation or
weight gain.

In patients whose mood has stabilized (in response to pharmacother-
apy or psychotherapy) but who remain overweight or obese, additional
pharmacotherapy (e.g., topiramate, zonisamide, orlistat, or naltrexone) or
psychotherapy (e.g., behavioral weight management or CBT) could be
added to treat obesity. Such patients with severe obesity could also be con-
sidered for bariatric surgery.

OBESITY AND BIPOLAR DISORDERS

In managing obese patients with a bipolar disorder, treatment of the bipolar
disorder and obesity ideally should proceed concurrently if at all possible.
Mood stabilization, however, is critical. Thymoleptic agents that have the
optimal efficacy and appetite and weight profiles should be employed.
Lithium, ziprasidone, and aripiprazole appear to be the antimanic agents
associated with the least weight gain. Lamotrigine, which is effective in acute
bipolar depression and as a maintenance treatment, is largely weight neutral
and thus can be particularly helpful for the obese bipolar patient who is
depressed and prone to switching with standard antidepressants. When

392 McElroy et al.



utilizing pharmacotherapy for weight loss, agents that are potentially mood
stabilizing or mood neutral (e.g., topiramate, zonisamide, and orlistat)
might be used before those that are potentially mood destabilizing (e.g.,
sibutramine). As patients with bipolar disorder in general often require mul-
tiple medications for optimal response, obese patients with bipolar disorders
are similarly likely to require combination pharmacotherapy. Various com-
binations of mood stabilizers, second generation antipsychotics, anticonvul-
sants, antidepressants, and/or anti-obesity agents may therefore be needed
for optimal individualized response.

Psychotropic-associated weight gain in bipolar disorder can be mana-
ged with adjunctive treatment with psychotropics with appetite suppressant,
weight loss, or anti-bingeing properties, and/or with centrally or peripherally
acting-anti-obesity agents, depending on the patient’s particular clinical
situation. Thus, topiramate or zonisamide may be added when there is
associated appetite stimulation, overeating, binge eating, mood instability,
substance abuse, and/or migraine. Venlafaxine, SSRIs, bupropion, or sibu-
tramine may be added when there are associated depressive, binge eating,
or night eating symptoms, but should be avoided as long as there are manic,
hypomanic, mixed, or cycling symptoms. Psychostimulants or dopamine ago-
nists may be added for associated depressive and/or binge eating symptoms if
the patient is already receiving an antidepressant, particularly if the patient
has prominent fatigue or a medical disorder contributing to his or her depres-
sive symptoms. Orlistat may be considered in patients who are overeating,
but should be used cautiously in those who are binge eating, purging, or both.

In our experience, a substantial number of bipolar patients with over-
weight or obesity, especially those with soft spectrum disorders, refuse treat-
ment with standard mood stabilizers because of the stigma associated with
the diagnosis of bipolar disorder, the weight gain associated with standard
mood stabilizers, or both. In such patients, as long as they are not acutely
manic, we often begin treatment with topiramate or zonisamide as mono-
therapy, especially if the patient has comorbid binge eating. In our clinical
experience, many of these patients will display weight loss and improvement
in any comorbid binge eating. Although the response in associated mood
symptoms is variable, the therapeutic alliance is often strengthened because
of the weight loss and reduction in binge eating. This often leads to the
patient’s acceptance of adjunctive treatment with a standard mood stabilizer
in the future if needed.

Extremely little is known about bariatric surgery for the stable bipolar
patient with severe obesity. There is one case of the successful use of
intravenous valproate for the treatment of manic symptoms that developed
in a patient with schizoaffective disorder, bipolar type after bariatric surgery
(375). The patient was eventually stabilized on oral valproate 5000mg/day
(with a serum concentration of 123mg/mL) and clozapine 325mg/day,
suggesting he was absorbing at least the valproate.
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CONCLUSION

Obesity and mood disorders are both serious public health problems that
overlap to a clinically significant degree. Many psychotropic medications
have adverse or therapeutic effects on appetite, weight, binge eating, and
even primary obesity. Conversely, some anti-obesity agents may have effects
on binge eating and mood.

Thus, for patients with obesity and mood disorders, first-line treat-
ments would include psychotropics with maximal efficacy for their mood
disorder that also possesses appetite suppressant, weight-loss, or anti-binge
eating properties as well as optimal tolerability and safety. If such a drug is
not available for a patient’s particular psychopathology, drugs that are
weight neutral followed by drugs that have lower weight-gaining liabilities
could be chosen, provided that the drugs have comparable efficacy, toler-
ability, and safety. A thorough understanding of the relationships among
obesity, mood disorders, the adverse and therapeutic effects of psychotropic
drugs on appetite, binge eating, weight and metabolism, and the effects of
anti-obesity agents on eating behavior, mood, and psychopathology should
enable optimal medical treatment of the obese mood disorder patient’s psy-
chopathology while minimizing weight gain or, ideally, promoting weight
loss and improving metabolic health.
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Pharmacotherapy is an important aspect of treatment for individuals
with obesity and binge eating. The extant literature regarding controlled trials
of medications for the treatment of obesity and binge eating disorder (BED)
has been reviewed in chapter 10. In this chapter, we lay the rationale for using
pharmacologic approaches in the treatment of persons with obesity and binge
eating, and make recommendations about treatment approaches.

Why consider medication management for the treatment of this
illness? This is a reasonable question to ask. The majority of studies in this
area (reflecting the rest of the eating disorders field) have involved psy-
chotherapy treatments, and a number of manualized psychotherapies have
shown good results in the treatment of BED. Similarly, behavioral weight
loss therapy has also been shown to provide some benefit—not only for
weight loss, but for binge eating. However, psychotherapeutic and beha-
vioral weight loss approaches have substantial limitations, which necessitate
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the consideration of medication treatments. First, psychotherapeutic treat-
ments are not widely available. Most psychotherapeutic treatments that
have been studied for BED and those which are frequently advocated by
experts in this field are highly specialized, manualized therapies of relatively
short duration which appear to be rarely provided and difficult to find; this
has clearly been proven true for bulimia nervosa, but is almost certainly true
for BED as well (1). Treatments such as cognitive behavioral therapy or
interpersonal therapy may be available in major metropolitan areas that
contain an eating disorder specialty center, but they are certainly not widely
available otherwise. Second, limitation of the existing psychotherapies for
BED is that for the most part they result in little, if any, weight loss (2). This
is problematic because both patients and their referring physicians are
seeking weight loss in addition to control of binge eating behavior. Third,
as has been described elsewhere, there is a high degree of comorbidity
between binge eating and BED and other forms of psychopathology (3).
Some of these common forms of psychopathology (particularly mild-to-
moderate depression and anxiety) might be amenable to interventions such
as cognitive behavioral therapy, but other relatively frequent forms may not
respond to these psychotherapies, particularly severe depression, bipolar dis-
order, and substance abuse. Furthermore, even if specialized psychotherapies
provide some benefit for the comorbid psychopathology, behavioral weight
loss treatments would not. On the other hand, a number of pharmacologic
agents discussed below have well-demonstrated efficacy in the treatment of
various types of comorbid psychopathology. For all these reasons, the
clinician may well consider pharmacotherapy.

APPROACH TO THE PATIENT WITH BINGE EATING DISORDER

The approach to pharmacologic treatment of BED is similar to that typically
used in the treatment of other psychiatric illness, with some exceptions. First
among these is the paramount importance of making treatment goals explicit.
For example,when apatient presents for treatment of depression, both patient
and treating physician are in agreement about the goal of pharmacotherapy:
the relief of target depressive symptoms. On the other hand, in the treat-
ment of BED, there are at least two common goals: relief of binge eating
symptoms and weight loss. It is our clinical impression that not only is
weight loss an extremely common goal, but that for many patients, weight
loss is the preferred goal of treatment, over and above cessation of binge
eating. Likewise, if the referring professional is a primary care physician or
medical subspecialist, weight loss goals may be particularly important in
achieving metabolic benefits.

As discussed in chapter 10, a number of agents have demonstrated
efficacy for decreasing binge eating symptoms, in selected instances, and
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also weight loss. The selection of appropriate agents depends to a substan-
tial degree on the overall clinical situation, as described later.

Obese Patients with Binge Eating, Without Other
Prominent Psychopathology

The broadest range of potential options exists for those with binge eating and
obesity who are without other psychopathology in need of pharmaco-
therapy. For this group, all the ‘‘psychiatric’’ and ‘‘weight loss’’ medications
described in chapters 12 and 13 may play a role. A critical decision point in
choosing between these types of medications involves assessing the urgency
of associated weight loss (either in the eyes of the patient or his/her medical
provider). When weight loss is a prominent goal, appetite suppressant med-
ications such as sibutramine, phentermine, or perhaps topiramate may be an
optimal starting point for treatment. With the treatment of obesity, a critical
part of initiating treatment is clarifying the rate at which weight loss can be
expected for patients. In our experience, this can be even more important
in the treatment of BED because patients often assume that the cessation
of binge eating will itself resolve in marked weight loss; clinically, this
rarely true.

Obese Individuals with Binge Eating and Other Psychopathology

Comorbid psychopathology is extremely common in BED, even in commu-
nity samples not seeking treatment, and is still higher in those seeking treat-
ment. Thus, it will be quite routine to address binge eating in the context of
other psychiatric problems. Fortunately, as reviewed in chapter 10, a number of
medications with demonstrated efficacy for binge eating were first developed
and have been widely studied for the treatment of many of these common
comorbidities, so at times pharmacologic treatments in this setting can target
multiple symptom domains. Pertinent areas are described below.

MOOD AND ANXIETY DISORDERS

Many of the psychotropic agents previously studied in BED generally have
well recognized antidepressant and anxiolytic effects. Major depression,
dysthymia, and various anxiety disorders frequently co-occur with BED.
When BED and either a depressive or an anxiety disorder are present, a
rational approach involves the selection of a drug known to have both anti-
binge eating and antidepressant and/or anxiolytic effects. Practically speak-
ing, this leaves the clinician with the choice of several serotonin selective
reuptake inhibitors (SSRIs) (e.g., fluoxetine, sertraline, fluvoxamine, citalo-
pram, or escitalopram) or the tricyclic (TCA) antidepressant desipramine
(DMI). For most clinicians, DMI would be a rare choice due to diminishing
familiarity with this and the other TCAs, as well as a higher side effect
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burden, including a somewhat elevated (though much lower with DMI than
with other TCAs) risk of weight gain. Appropriate dosing of the SSRIs for
BED is not clearly defined. Higher doses of fluoxetine (i.e., 60mg/day) are
widely viewed as the pharmacologic standard of treatment for bulimia
nervosa and many experts would strive to achieve similarly high doses for
BED. It seems reasonable to think that such high doses may be more effec-
tive in treating BED, but data to clearly answer this question are lacking.

One important consideration in the use of these antidepressant and
anxiolytic drugs in the treatment of BED is the issue of weight loss. As
noted above, weight loss is an extremely common treatment goal for patients,
yet a major frustration in previous treatment trials for BED is that psycho-
tropic agents that have shown good efficacy for binge eating have generally
shown little if any positive impact on weight. It seems prudent, then, to try
to combine psychotropic treatment with a well-designed behavioral weight
loss program, although the efficacy of such combination treatment in
patients with BED has not yet been shown. Also, whether patients will
comply with such interventions over lengthy periods of time is somewhat
questionable.

PSYCHOTIC AND BIPOLAR DISORDERS

The treatment of bipolar disorder has particularly seen marked change over
the last decade with the identification of multiple new effective mood stabi-
lizers and the introduction of a whole new generation of antipsychotics with
much broader spectrums of action, both in terms of targeted symptoms and
in terms of the number of individuals for whom these drugs show efficacy.
Even though the numbers of patients affected with BED and comorbid
bipolar or psychotic disorders may be relatively small compared with
depressive disorders, these conditions may co-occur more than once
expected (4,5). Moreover, many of the new agents used to treat bipolar
and psychotic disorders have marked effects on body weight and on eating
behavior. The mechanisms by which these drugs affect weight are likely
diverse and may include diminished resting metabolic rate, increased food
intake, change in macronutrient choice, and for some individuals ‘‘carbohy-
drate craving’’ and perhaps frank binge eating behavior (5). Such effects may
inadvertently have an adverse impact on individuals who have binge eating.

There is good evidence to suggest that primary care physicians rarely
inquire about binge eating and it seems rather unlikely that psychiatrists do
so with much higher frequency (6). It has been common to suggest that
changes in eating behavior or weight induced by these psychotropic drugs
should be treated by routine behavioral weight loss interventions, but exist-
ing evidence suggests that these interventions are neither particularly well
suited nor effective for such individuals (7). Therefore, scrupulous avoidance
of weight gain in this population is critical. The selection of agents with
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limited risk for weight gain such as ziprasidone, aripiprazole, or perhaps
risperidone may be preferable to agents with high rates of weight gain,
particularly olanzapine or clozapine.

DURATION OF TREATMENT FOR BINGE EATING

The course of binge eating is somewhat unclear. On one hand, individuals
seeking treatment in controlled trials in the U.S. have a typical duration of ill-
ness of roughly two decades, indicating that this is a highly stable chronic con-
dition (2). On the other hand, studies of persons with BED from the
community have suggested that the symptoms are somewhat less stable
(8,9). Adding to this confusion is the fact that most controlled trials of
pharmacotherapy for BED have had a duration of only a few months,
which is almost certainly less than the optimal length of treatment for this
condition. Finally, community-based effectiveness studies of pharmacolo-
gic (or other) treatment for BED of some sort needed to definitively
answer this question do not exist. Thus, one is left attempting to generalize
from pharmacologic treatment studies for weight loss, bulimia nervosa,
and perhaps for major depression.

One clear source of information on treatment duration evolves from
the body of literature reviewed in chapter 10 regarding pharmacologic
treatment for obesity. There is increasing acceptance of the concept that
long-term pharmacologic treatment is needed in order to achieve long-term
positive benefits for obesity, and that one would expect a cessation of treat-
ment benefit for most patients when pharmacologic treatment ceases.
For weight-related aspects of BED treatment, this almost certainly holds
true. On the other hand, achieving the goal of binge eating cessation may
not require such truly long-term treatment; in fact, the literature on bulimia
nervosa treatment suggests that treatments longer than a few months are
needed but that chronic or lifelong treatment is typically not necessary. In
studies that have compared the clinical course of bulimia nervosa with
BED, BED participants have generally been more prone toward symptom
remission than those with BN, so perhaps somewhat shorter term treatment
may be reasonable for BED (9). Finally, many treatments employed for
BED would also be selected (as reviewed above) for their antidepressant
and/or anxiolytic effects. Here, again, there is much more consensus about
the need for longer and at times lifelong treatment.

How then to summarize this literature? For BED not complicated by
comorbid psychopathology where the major target is cessation of binge
eating, a medication trial of approximately one year followed by taper
and careful observation seems reasonable. For individuals with BED where
treatment of obesity is an important additional focus, longer term pharma-
cotherapy will probably provide the best clinical result; in this case, duration
of pharmacologic treatment would proceed very much as it typically would
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in the treatment of uncomplicated obesity. Finally, when comorbid psycho-
pathology is an additional major treatment goal, the need for pharmacolo-
gic treatment for the comorbid mood or anxiety disorder may long exceed
the duration of the eating disorder symptoms. If one has selected an agent
with both anti-binge eating and antidepressant (or anxiolytic) effects, those
treatments may be required long beyond the effective resolution of the binge
eating symptoms.
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INTRODUCTION

Obesity is a multifactorial disease process influenced by genetics, culture,
economics, and psychological issues (1). There are various degrees of obesity
ranging from overweight to morbidly obese (Table 1). The notion that obe-
sity represents a failure of individual willpower is unscientific and prejudi-
cial. Identification of effective obesity treatment modalities continues to
challenge clinicians, researchers, and industry. Results from the American
National Health and Nutrition Examination Survey demonstrate that
approximately 65% of Americans aged 20 years of age or older are over-
weight [body mass index (BMI)> 25] and 31% are obese or morbidly obese
(2). Among American children and adolescents, 21% to 24% are overweight
and 10% to 11% are obese or morbidly obese (3). The costs of obesity are
enormous as between 2% and 8% of health care expenditures are for obe-
sity-related diseases (4). In 1990, there were 300,000 deaths annually attribu-
table to obesity. This number has increased to 320,000–400,000 obesity
related deaths in 2004 (5,6). Obesity now ranks above tobacco use as an
adverse health indicator and is second only to cigarette smoking as a cause
of preventable death in the United States (6).

Current modalities for the treatment of morbid obesity include dietary
modification, exercise, pharmacologic intervention, and surgery. Surgical
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intervention has been offered to those patients who are refractory to non-
surgical methods of weight loss and who have a BMI � 40 (Fig. 1) or �35
if comorbidities are present. In 1991, the National Institutes of Health con-
sensus conference concluded that changes in behavior, diet, pharmacologic
intervention, and education have proven relatively ineffective as long-term
weight loss treatments, and that surgery is currently the most effective and
durable weight loss method (6). The American Society for Bariatric Surgery
(ASBS) estimates that more than 144,000 patients will have bariatric surgery
in 2004—an increase from 2002 when 67,000 patients underwent gastric
bypass for treatment of morbid obesity (7).

HISTORY

Obesity surgery stems from surgical weight loss identified in patients who
underwent gastric and small bowel resections for treatment of diseases other
than morbid obesity. Weight loss procedures have been performed based
on malabsorptive techniques, restrictive techniques, and a combination of

Figure 1 Treatments for obesity based on BMI. Abbreviation: BMI, body mass index.

Table 1 Obesity Classification. Weight Loss Surgery Is Offered
to Those with a BMI of �40 or �35 if Comorbidities Are Present

Obesity class BMI (kg/m2)

Underweight <18.5
Normal 18.5–24.9
Overweight 25.0–29.9
Obesity I 30.0–34.9

II 35.0–35.9
Extreme obesity III �40.0

Abbreviation: BMI, body mass index.
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both. Early attempts at weight loss procedures based on properties of
malabsorption did so via shortening the length of the digestive tract through
which food was absorbed (8,9). The jejuno–ileal bypass was effective in
achieving weight loss from the bypass of significant lengths of small bowel
(Fig. 2). Although effective in achieving weight loss, several complications
of malabsorption ensued, including socially limiting diarrhea, vitamin and
protein deficiencies, arthritis, renal failure, liver failure, and death (7,10).
These early malabsorptive operations should no longer be performed for
surgical weight loss. If recognized, they should be reversed or converted
to acceptable weight loss procedures (7,10).

In the 1960s gastric bypass surgery was pioneered by Dr. Edward
Mason at the University of Iowa, emerging from observations of sustained
weight loss after gastric ulcer surgery and stomach resection (7). This pro-
cedure offered both components of weight loss surgery that have been

Figure 2 Jejuno–ileal bypass.
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previously used singularly: malabsorption and restriction. The complica-
tions from this Roux-en-Y gastric bypass (RNYGB) were less than those
reported from the earlier performed jejuno–ileal bypass and specifically
did not include the severe malabsorptive side effects (Fig. 3) (7,11).

In 1982 vertical banded gastroplasty (VBG) was introduced (Fig. 4)
(12). VBG is a restrictive procedure limiting caloric intake by reducing food
volume. The benefit of purely restrictive procedures is that, unlike their
malabsorptive counterparts, there is a decreased likelihood of nutritional
deficiencies, since nutrient absorption is unaffected by the restrictive compo-
nent of the surgery. Although effective in achieving weight loss, patients are
counseled to avoid ingesting high calorie liquids because doing so may lead
to weight loss failures. Indeed, VBG has fallen out of favor due to inferior
long-term weight loss as compared with RNYGB (13).

The first laparoscopic RNYGB was reported by Wittgrove et al. (14)
in 1994. The advent of minimally invasive surgical techniques has helped

Figure 3 Roux-en-Y gastric bypass.
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place laparoscopic surgery at the forefront of bariatric surgery. Complex
procedures, once performed with large incisions, are now being performed
laparoscopically with equal safety and efficacy (15). Moreover, patients
may benefit from minimally invasive RNYGB due to decreased postopera-
tive pain, a decrease in the frequency of iatrogenic splenectomies, fewer
wound complications, shorter hospital lengths of stay, and an overall
decrease in mortality (Table 2) (15–17).

Laparoscopic adjustable banding was approved for use by the United
States Food and Drug Administration in 1991 (18). Analogous to VBG, this
is a restrictive procedure which involves placement of an inflatable silastic
cuff around the upper portion of the stomach (Fig. 5). The inflatable band
is adjusted on an outpatient basis via saline injection through a subcuta-
neously accessed port. Patients are advised that weight loss may be less than
that reported with RNYGB (47.5% vs. 61.6%. respectively) (19). Complica-
tions of band erosion and slippage have been reduced with improved tech-
niques in band placement (20).

SURGICAL CRITERIA

Bariatric surgery, despite the dramatic effects on appearance, is not a
cosmetic procedure and should not be performed for this indication.
Indications for surgical weight loss are for the improvement or resolution

Figure 4 Vertical banded gastroplasty.
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of comorbid adverse health conditions present in many morbidly obese
people. The term ‘‘morbid obesity’’ was developed to describe the significant
morbidity associated with severe obesity including diabetes, sleep apnea,
venous stasis, heart failure, deep venous thrombosis, pulmonary emboli,
hypertension, degenerative arthritis, gallstones, hernias, and an increased
incidence of ovarian, breast, prostate, and colon cancer (21). Candidates
for bariatric surgery have a BMI of �35 in the presence of comorbidities
or a BMI of �40 in the absence of comorbidities (7). Individuals with a
BMI less than 35 are counseled on nonsurgical methods of weight loss such
as pharmacologic intervention, dietary modification, exercise, and psy-
chotherapy.

SURGICAL RISKS

The risk of maintaining oneself in a morbidly obese state needs to be
weighed against the risks of bariatric surgery which is a major operation
whether performed laparoscopically or open. Those individuals who are

Figure 5 Laparoscopic adjustable banding.
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at increased risk for any elective surgical procedure are not candidates for
weight loss surgery and may include those with prohibitive cardiorespira-
tory disease. Risks are stratified into those occurring early (within 24–48
hours) and those occurring late (after 48 hours). Early risks include gastric
leaks, bleeding, and pulmonary emboli, whereas later risks include infection,
anastomotic stricture, and obstructions (Table 3). The overall morbidity
resulting from bariatric surgery is 9.6% to 10% and the resultant mortality
has been reported as 0.1% to 1.5% (4,19,22,23). Improved outcomes are
realized in the setting of experienced bariatric surgeons in conjunction with
a qualified bariatric team composed of surgeons, dieticians, exercise physiol-
ogists, and mental health professionals (24,25).

CONCLUSION

Bariatric surgery is one of several options for morbidly obese individuals
seeking weight loss. Current data suggests marked improvement in co-
morbidities from resultant weight loss. Although improved cosmesis may
result of surgical weight loss, it should not be the criteria for which surgery
is performed. Appropriate patient education includes dietary counseling,
support group counseling, and preoperative psychological evaluation, exer-
cise, and pulmonary evaluation, as well as lifelong surgical follow-up. A well-
educated patient and established bariatric team is imperative for successful
outcomes. The decision to undergo weight loss surgery should be made after

Table 3 Comparison of Major Complications After Laparoscopic Versus Open
RNYGB Complications

Complications
Laparoscopic
GBP (n¼ 79)

Open GBP
(n¼ 76) p value

Gastrointestinal
Anastomotic leak 1 1
Gastric pouch outlet obstruction 0 1
Hypopharyngeal perforation 1 0
Jejunojejunostomy obstruction 3 0

Pulmonary
Pulmonary embolism 0 1
Respiratory failure 0 1

Gastrointestinal bleeding 1 0
Wound infection 0 2
Retained laparotomy sponge 0 1
Total 6 (7.6%) 7 (9.2%) .78a

aFisher exact tests.

Abbreviation: RNYGB, Roux-en-Y gastric bypass; GBP, gastric bypass.

Source: From Ref. 26.
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consideration of all weight loss options and should involve patients,
families, and clinicians.
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INTRODUCTION

As has been widely recognized in the media in recent years, overweight and
obesity have become increasingly important public health concerns, and cur-
rently the majority of adults in the United States are overweight or obese
(1,2). This problem is not confined to the United States, as it is clear that
obesity is a growing public health problem around the world. While the rea-
sons for this are complex and while adult body weight is to a certain extent
heritable, the crucial variables in this change appear to be the increasing
availability of highly palatable energy-dense food and the lack of exercise.
Basically, the increase in the amount of energy intake has not been balanced
by an increase in physical activity. Therefore, this imbalance in the ‘‘energy
in/energy out’’ equation has resulted in this marked increase in problems
with weight (3–6).
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As obesity becomes more common, and as the modest efficacy of
behavioral and pharmacological approaches available to us has been repeat-
edly demonstrated, bariatric surgery has increasingly been used as a means
of treatment for obesity. Such procedures were performed rarely prior to 20
years ago, but the number of procedures has escalated dramatically and
probably will continue to do so, owing not only to the increasing rate
of obesity but also to the increasing safety and efficacy of the bariatric
surgery approaches now available (7). As the utilization of bariatric surgery
increases, the number of individuals who present for bariatric surgery who
have psychiatric conditions will likewise increase, and given the marked
demands placed on bariatric surgery recipients to modify their behavior
and lifestyle, there have been growing concerns about the ability of some
individuals, given their psychopathology, to adapt to such changes. The pur-
pose of this chapter is to address the question of the role of bariatric surgery
in obese patients with psychopathology. We will attempt to do this by cover-
ing six areas:

1. What are the psychopathological contraindications to the use of
the bariatric surgery?

2. How should bariatric surgery candidates be screened for psycho-
pathology?

3. What are the rates of psychopathology among bariatric surgery
candidates?

4. What is the impact of bariatric surgery on psychopathology rates
at follow-up?

5. What is the impact of presurgery psychopathology on outcome of
bariatric surgery?

6. How can comorbid psychopathology be treated to insure a better
response and long-term outcome following bariatric surgery
procedures?

PSYCHOPATHOLOGY CONTRAINDICATIONS

The psychopathological contraindications to bariatric surgery remain con-
troversial (8). Part of this is attributable to the fact that as procedures
have been performed on a wider variety of patients it has become apparent
that many patients with significant comorbid psychopathology or other
cognitive abnormalities often do quite well with the surgery given the
proper support and encouragement. Nonetheless, most bariatric surgery
programs would agree that the following constitutes a list of probable
contraindications:

1. Dementia. Patients with dementing illness, most of whom are
elderly, should not be considered as candidates for bariatric sur-
gery procedures in most situations. There are several reasons for
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this. First, it would be difficult for such individuals to truly give
informed consent. Second, even the least invasive procedures,
such as the LapBand, require significant modifications in dietary
behavior and are accompanied by significant unavoidable pain
and discomfort. For these reasons, it seems unethical to perform
such procedures on these patients. In addition, demented patients’
capacity to cooperate with proper aftercare is clearly marginal at
best. Also, many patients with dementia are at risk for problems
such as aspiration pneumonia, which may be more of a problem
postoperatively given the changes in intake patterns necessitated
by the surgery. The issue of bariatric surgery in patients with
dementia rarely arises, however, since most demented patients have
problems achieving adequate energy intake rather than being over-
weight. These guidelines, though, would apply to dementia from a
variety of causes, including dementing-like syndromes in patients
post-head trauma.

2. A developmental disability. Individuals with significant cognitive
limitation, particularly those with severe mental retardation,
clearly are not candidates for bariatric surgery for some of the rea-
sons that are outlined earlier. What the exact cutoff should be in
terms of intelligence is unclear. Some patients with marginal intel-
ligence appear to be able to give informed consent and adapt ade-
quately to post-bariatric surgery demands. There have been case
reports of individuals with Prader Willi Syndrome (PWS) having
undergone bariatric surgery, given the hazards of the extreme obe-
sity associated with this condition (9). Bariatric surgery appears to
be an option to consider for the management of obesity in PWS,
particularly in patients with higher IQs. Therefore, mental retarda-
tion is not an absolute contraindication to bariatric surgery, but
dependent on the practical ability of the patient to give informed
consent and to cooperate with aftercare.

3. Psychoses. Generally patients with persistent psychotic disorders
that are unremitting, such as those with chronic schizophrenia,
would not be considered candidates for bariatric surgery, again,
given the demands of aftercare and the changes that are necessi-
tated in eating behavior. However, following the introduction of
atypical antipsychotics, which allow some patients with schizo-
phrenia to function at a much higher social level than was possible
previously, a chronic psychotic disorder should probably no
longer be regarded as an absolute contraindication.

Indeed, we know that obesity is very common among patients
with schizophrenia, and as mentioned, some will function very
well on stable doses of atypical antipsychotics and appear to
be able to give informed consent and cooperate with aftercare.
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Thus, this is an area that appears now to be a relative contrain-
dication, which needs a careful evaluation in each case.

Individuals who have illnesses that present intermittently with
psychotic features, such as psychotic depression, bipolar disorder,
or other periodic but transient psychoses, certainly can be con-
sidered for these procedures if their illness is in remission. How-
ever, this raises interesting problems concerning medication
regimens around the time of surgery, the possible precipitation
of psychoses postoperatively (which is a period of great stress),
and the need for careful psychiatric monitoring and input in
the pre- and postsurgical management of these patients.

4. Active substance abuse/dependence. Most centers would say that
patients who are actively abusing alcohol or drugs would not be
candidates for bariatric surgery. Again, there are several reasons
for this. First is the possibility of an untoward outcome, given the
possibility of withdrawal symptoms or the emergence of frank delir-
ium tremens in alcohol dependent patients in the postoperative per-
iod, which would markedly increase both the morbidity and
mortality associated with the procedure. There obviously are also
concerns about these individuals’ ability to cooperate with proper
aftercare and to make the necessary dietary changes. A third con-
cern is their longevity, in that such patients are seen as a risk for
a variety of untoward medical complications without surgery and
these complications may be enhanced through exposure to general
anesthesia, major surgery, and the demands for major lifestyle
changes. However, it is clear that some patients who have had active
substance abuse problems have undergone bariatric surgery suc-
cessfully and probably many patients who have had such problems
actively deny them at the time of evaluation so as not to discourage
the surgeon from accepting them as a surgical candidate (10). A cri-
terion of a period of at least six months of abstinence might be
required as a useful period to demonstrate sobriety and ability to
not use substances and to be able to cooperate with aftercare.

5. Adolescents and children. Although age less than 18 years was long
considered a contraindication, older adolescents are increasingly
being considered for bariatric surgery, particularly for the more
easily reversible interventions such as gastric banding (11–14).

6. Other problems. The last category basically includes anyone who
for any reasons is not able to give informed consent and/or coop-
erate in the aftercare necessary postoperatively. Possible categories
here would include patients with severe intractable seizure disor-
ders, patients with severe somatoform disorders who would be
at high risk for major adjustment problems and medical com-
plaints postoperatively, and individuals with severe treatment
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resistant obsessive–compulsive disorder, whose ritualistic behavior
and obsessionality may make it impossible for them to be actively
involved in their own aftercare. Another possibility would be indi-
viduals with severe personality disorders such as borderline per-
sonality characterized by self-injurious behavior. To operate on
such patients might result in unpredictable psychological decom-
pensation and also expose the surgical team to the risk of a variety
of adverse complications that are best avoided.

SCREENING BARIATRIC SURGERY CANDIDATES
FOR PSYCHOPATHOLOGY

Practices vary widely across bariatric surgery programs in terms of what is
required or expected in terms of psychological assessment. Options vary
from no requirements to a series of self-report questions asked as part of
standard intake, either in written form or as part of the interview, through
an in-depth psychosocial assessment by a mental health professional skilled
in working with bariatric surgery patients, including psychological testing.
At times, the depth of the evaluation will depend on insurance requirements
rather than on any particular bias on behalf of the bariatric surgery group.
For example, a number of third party payers in the United States require
that a psychosocial assessment be done by a mental health practitioner
before patients can undergo bariatric surgery procedures. In some clinics
this is routine practice, regardless of third party payer requirements. In
other clinics, it is optional depending on the observations that the members
of the surgical team have made of the patient, or to the patients’ responses
on self-report measures or interview. Upon reflection, it is interesting that
third party payers would require a psychosocial assessment for bariatric
procedures when they indeed do not require such assessments for patients
receiving any other type of surgery. However, many surgeries are not elec-
tive, as are bariatric surgery procedures. Nonetheless, the requirement for
psychosocial assessment by some insurance companies may reflect a long
held bias that these are particularly ‘‘dangerous’’ procedures for patients
with significant psychopathology.

Nevertheless, given that rates of psychopathology are high in the gen-
eral population and may be elevated in the severely obese, and given that
bariatric surgery does impact significantly long term on a variety of beha-
viors necessitating marked changes in individuals’ routines and eating beha-
viors, it would seem that a psychosocial evaluation is highly desirable and
occasionally critical. The question then becomes how best to obtain this eva-
luation in the most cost effective manner. Before turning to specific data
gathering techniques, it is important to remember one variable that charac-
terizes patients undergoing a psychosocial assessment when they are a
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candidate for bariatric surgery: most are very desirous of having the proce-
dure, and are very alert to the possibility that certain things they might say
might dissuade the surgeon, the third party payor, or the health care team
from approving them for the procedure. Therefore, if they have had or cur-
rently have certain psychiatric problems there will be a tendency for the
patient to either downplay their severity or not to mention them at all. This
has been shown previously in research, where patients retrospectively, after
they have had the surgery, will admit to having had psychiatric problems
that they initially had denied prior to the surgery (10). Because of this,
any information obtained from the patient must be considered carefully in
terms of its importance.

PSYCHIATRIC INTERVIEW

The psychosocial assessment is designed to obtain detailed information
about any comorbid psychiatric problems, as well as information about
weight history, previous weight loss attempts, social support, and other
environmental circumstances which might impact outcome. Usually, the
patient will be seeing the clinician as a requirement of the bariatric surgery
team and will be somewhat guarded and concerned about the implications
of the interview. Therefore, it is best at the beginning to lay out what will
transpire, and what sorts of problems might lead the interviewer to recom-
mend that the candidate not undergo the procedure, or at least have it post-
poned until some sort of psychological intervention can be introduced, and
to indicate what information will and will not be shared with the team. In
particular, it is important to state that if the patient has active problems with
alcohol or substance abuse, or has been having certain psychotic symptoms,
that this would make it difficult for them to adhere to the required changes
after the surgery. Therefore, it would be in their best interest to share such
information with the interviewer so that a treatment plan could be outlined.
Generally, a forthright statement of these problems at the beginning will
result in more reliable data gathering than attempting to ‘‘sneak up’’ on
the patient through questioning.

A second data gathering strategy that can be useful is the use of a self-
report standardized database which the patient can complete prior to being
seen for evaluation. Such databases include detailed questioning about
current or previous psychosocial problems. Examples include the ‘‘Eating
Disorder Questionnaire’’ developed by our group and the ‘‘Weight and
Lifestyle Inventory’’ developed by Wadden and Foster (15,16). Patients
can be mailed such forms and asked to complete them in advance and bring
them to the clinic appointment, providing the clinician with considerable
background information before the interview. Obtaining data in this
way assures that the clinician can focus the interview on particular points
of concern.
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A number of clinics find it useful to include certain standardized psy-
chometric instruments as part of the evaluation process to provide further
information about psychosocial issues. These may include the following:

1. Questionnaire on eating and weight patterns-revised (QEWP-R)
(17). This is a 28-item scale designed to assess the presence or
absence of binge eating and binge eating disorder (BED).

2. Social functioning-36 (SF-36) (18). This instrument measures eight
areas of social functioning; it is one of the most widely used quality
of life measures. Areas assessed include physical functioning, role
physical, bodily pain, general health, vitality, social functioning,
role emotional, and mental health.

3. Beck depression inventory (BDI) (19). This is an extensively used
and well validated 21-item self report measure of depression.

4. Impact of weight on quality of life-lite (IWQOL-Lite) (20). This is a
quality of life measure designed specifically for obese individuals,
and has excellent psychometric properties. The scale has five
domains (work, public distress, self-esteem, sexual life, and physi-
cal function) as well as a total score.

Although rarely employed in usual clinical practices, in depth informa-
tion about comorbid psychopathology can be obtained by using structured
interviews to assess for DSM diagnoses including the structured clinical
interview for DSM-IV Axis I (SCID-I) and the Structured Clinical Interview
for DSM-IV Axis II (SCID-II).

RATES OF PSYCHOPATHOLOGY

Obese individuals seeking bariatric surgery are at substantial risk for
psychopathology. Whether obesity leads to psychopathology (such as
depression or anxiety), perhaps through discrimination and isolation, or
psychopathology leads to obesity (such as BED causing weight gain), is
not always entirely known. However, recent evidence suggests that most
obesity cannot be directly attributed to psychological symptoms. Nonethe-
less, knowledge of psychiatric status provides valuable information in terms
of the variables that may be associated with poorer surgical outcome and
increased rates of complications.

Studies of psychopathology in individuals seeking bariatric surgery
have differed in their rigor and methodology, yielding different findings
and making it difficult to compare results. Some have employed semi-
structured interviews while others have relied on clinical interviews. Self-
report questionnaires have also been used. These research studies have
shown that 27–42% of patients evaluated for bariatric surgery meet DSM
criteria for one or more axis I disorders (21,22). Mood, anxiety, and eating
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disorders are the most common and will be discussed in more detail further.
In addition, the frequency of personality disorders will also be reviewed.

Mood Disorders

Research in recent years supports the notion that many symptoms of depres-
sion seen in the obese are the result of societal views and discrimination of
the obese as well as the physical and medical’ complications of being over-
weight (23). It also seems clear that the presence of BED, female gender, and
larger body mass index (BMI) increase the likelihood of depression and
anxiety (23). Women with a BMI� 30 have been shown to be 37% more
likely to have had a major depressive episode within a year of assessment
than were normal or overweight females (24). Additionally, Hafner et al.
(25) found that morbidly obese individuals had somewhat higher levels of
anxiety and depression than their normal weight peers.

Comparisons of the rates of depression and anxiety in pre-bariatric
surgery patients in contrast to rates in the general population have shown
mixed results, highlighting the importance of appropriate control group
selection. Although more than a quarter of individuals seeking surgical
intervention for their weight report a lifetime history of major depressive
disorder, a much smaller percentage of presurgery patients endorse current
symptomatology (26,27).

Binge Eating Disorder

BED is a widely studied eating disorder (a form of EDNOS) that is listed in
the DSM-1V appendix as a diagnosis for further study (28). Individuals with
BED report a loss of control while eating a large amount of food in a short
period of time. They also experience marked distress and endorse three
or more of the following symptoms: (i) eating until uncomfortably full,
(ii) eating rapidly, (iii) eating large quantities when not hungry, (iv) eating
alone due to embarrassment, and (v) feeling disgusted, depressed, or guilty
after overeating.

The prevalence of BED in individuals seeking weight loss surgery
ranges from 1% to 46% (29–35). In addition, up to 73% of preoperative
patients engage in regular ‘‘grazing,’’ or endorse other significant eating
disturbances (36). For example, in one study, approximately 10% of
bariatric patients met criteria for night eating syndrome before surgery
(27). Yet rates of bulimia nervosa are reported to be very low (10,29). Prior
to surgery, bariatric patients report less restraint and more disinhibition and
hunger than do conventional weight loss controls on the three factor eating
questionnaire (TFEQ) (37). In addition, patients with binge eating are more
likely to be distressed and meet criteria for other DSM disorders than are
non-binge eaters.
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Personality Disorders

There is evidence that almost a quarter of individuals seeking bariatric
surgery meet DSM criteria for at least one axis II disorder (38–42). For
example, Larsen reported that 22% of 90 patients about to undergo bariatric
surgery met criteria for a personality disorder (39). In another study, 20% of
patients met criteria for one or more personality disorders, the most com-
mon being dependent personality disorder (9%), personality disorder NOS
(6%), schizoid personality disorder (4%), and borderline personality disor-
der (3%) (27). Other studies have shown that passive dependent traits are
more common in obese individuals seeking bariatric surgery than in normal
weight controls (39).

PSYCHOPATHOLOGY RATES AT FOLLOW-UP

Herpertz et al. (34) performed a thorough review of the literature on the
impact of bariatric surgery on psychosocial outcome. All 40 studies included
in the review had a minimal follow-up period of at least one year. Eight of
the 40 studies looked specifically at rates of psychopathology. All employed
a prospective and nonrandomized design. The review showed that in general
weight loss surgery lead to a decline in the prevalence of DSM axis I disor-
ders but did not alter the course of axis II disorders. Regarding BED, the
specific surgical procedure impacted outcome but, overall, there appeared
to be an improvement in BED criteria post-bariatric surgery of any kind.
Specific categories are addressed in more detail further.

Mood and Anxiety Disorders

Research studies that have assessed both pre- and postsurgical psycho-
pathology show that prevalence rates of depression and anxiety after
surgery are significantly lower than rates before surgery (34). Specifically,
depressive symptomatology as measured by the BDI decreases markedly,
and the decrease is correlated with the amount of lost weight at long-term
follow-up (43,44).

Likewise, scores on the anxiety and global severity scales of the SCL-
90R are reduced following surgery, especially for those who lost the most
weight (45). There are also notable improvements in generalized anxiety dis-
order and phobias after surgery (39,46). Although one study suggested that
suicide rates were higher post-bariatric surgery than in a community sample,
it is impossible to determine if there were any legitimate changes in suicide
rates or gestures, given attrition rates during follow-up across studies (44).
In addition, BMI matched controls rather than community members may
be a better comparison group (34).

Not surprisingly, the more weight lost, the greater the decrease in
symptoms of depression and anxiety, regardless if conventional or surgical
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means are used (34,38). However, in contrast to nonsurgical means of
weight reduction (i.e., very low caloric diets, behavior modification, exercise,
and drugs), bariatric surgery is less likely to result in psychiatric disturbance.
Not only are rates of depression and preoccupations with food significantly
less, but also patients endorse greater self-confidence and well-being and
improved quality of life following bariatric surgery in comparison with more
conservative methods of weight control (47,48).

Of concern, however, is the finding that patients who have noted
improvements in mood and anxiety post-bariatric surgery may experience
a return of these symptoms two to three years after the surgery, at the same
time that they may experience weight regain, indicating the possible need for
supportive or other interventions during this time (32,33,49).

Binge Eating Disorder

Significant reductions in binge eating usually occur after obesity surgery in
patients with BED. In the longest follow-up to date, Mitchell et al. (10)
assessed gastric bypass patients 13–15 years postsurgery. They found that
while 49% of patients met BED criteria prior to the surgery, only 6.4%
met full criteria at follow-up. Twelve percent of patients at follow-up met
all BED criteria with the exception of eating ‘‘a large amount of food.’’
There were also significant decreases on the M-FED (an interview designed
to collect longitudinal data) (50) in dissatisfaction with weight and shape,
impact of weight and shape on self-perception, and fear of gaining weight.

Although bariatric surgery is associated with improvements in binge
eating, there may be a tendency for some patients to experience an increase
in disinhibition and hunger and a decrease in restraint about two years
postsurgery, with resulting weight gain (33,44,48). However, evidence of the
recurrence of binge eating has been mixed, with some studies reporting that
patients are able tomaintainnormalized eatingup to three years postsurgery (31).

Different surgical interventions alter anatomy in various ways and
may therefore differentially impact eating behavior. Some surgeries merely
limit the amount of intake (e.g., LapBand) while others also incorporate
malabsorption (e.g., gastric bypass). Following restrictive surgery such as
gastroplasty or gastric banding, patients report a decrease in binge eating
but an increased occurrence of vomiting (40,42).

Patients usually experience involuntary vomiting during the first few
postoperative weeks. During that period, they frequently discover that they
can vomit with ease after eating. The modified anatomical situation in the
upper GI tract supports the development of a new eating pathology. In
some patients, surgeons even recommend that they induce vomiting to
decrease discomfort rather than experience lengthy nausea and vomiting.
Overtime, some patients purposely overeat knowing it might result in spon-
taneous vomiting which then will prevent weight gain. Others self-induce
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vomiting as a response to fullness and epigastric discomfort or as a counter-
measure to the consumption of a forbidden food. In both instances, the
behavior could be labeled as ‘‘semi-purposeful.’’ It is unclear if and to what
extent postoperative vomiting represents purging behavior.

Powers et al. (42) reported that 5.5 years after restrictive surgery, 79%
of the patients were vomiting at least occasionally and 33% were vomiting
weekly. Mitchell et al. (10) reported that 13–15 years after gastric bypass,
68.8% of the patients reported continued problems with vomiting. In this
study, the authors found an unexpectedly low level of distress caused by reg-
ular vomiting (10). It is unclear, however, if the vomiting in these patients
occurred entirely, involuntarily, or if it was some kind of ‘‘purging mechan-
ism.’’ In addition, it might be difficult to elicit the extent to which the
patients accept vomiting in order to not regain weight or to lose more
weight. They might not be honest about it or not fully aware about it
themselves. Even if the vomiting occurs spontaneously, some patients might
welcome the effect that this might have on their weight or shape. Such
thoughts might serve as a cognitive reinforcer for further vomiting.

Outcome after gastric bypass, which incorporates malabsorption, is
essentially the same as gastroplasty or gastric banding procedures (10,51).
Biliopancereatic diversion, while offering similar improvements in binge
eating, does not seem to lead to increased rates of vomiting (30,51–53).

In short, it is difficult to distinguish between what should be considered
normal eating and pathological eating after bariatric surgery, since all eating
behavior will be different from that presurgery and from the eating behavior
of the normal population. Patients are forced to adopt an eating style that is
characterized by restraint, restriction of food varieties, and ritualistic beha-
vior around how food is eaten (e.g., with frequent intake of small amounts
of foods and extensive chewing before swallowing). Indeed, post-bariatric
surgery eating behavior resembles that of patients with more classic eating
disorders (i.e., anorexia nervosa and bulimia nervosa) in many ways.

Personality Disorders

Personality disorders are not markedly altered by bariatric surgery, which
makes sense given that these conditions are ususally persistent and pervasive
(34). For example, Larsen (39) found that the frequency of axis II diagnoses
was not significantly impacted by weight loss surgery. Although not widely
supported by other studies, there is some evidence that personality traits, as
measured by the Millon Clincial Multiaxial Inventory (MCMI), can be
altered in a positive manner post-bariatric surgery (54). In this study, the
investigators found a significant decrease on the schizoid, avoidant, and
passive-aggressive subscales. At the same time, patients displayed increases
on the histrionic and narcissistic subscales, which the authors hypothesized
to be due to improved socialization. Similar results were obtained in two
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studies by Chandarana et al. (55,56). Another study used the Dutch Shor-
tened MMPI and the Dutch Personality Inventory, and showed significant
improvements in social inadequacy and shyness (57). These results may
not necessarily reflect a change in personality per se, but rather that postsur-
gical weight loss, patients feel more comfortable in social situations.

IMPACT OF PSYCHOPATHOLOGY ON OUTCOME

Building upon the aforementioned prevalence rates of psychopathology in
bariatric surgery patients, research has begun to investigate the impact of
psychiatric comorbidity on surgical outcome. Measuring outcome in this
population is complicated not only by variations in surgical procedures,
but also by the multifaceted impact of bariatric surgery on patients’ func-
tioning. There are a variety of ways in which outcome can be measured.
The most common measure has been weight loss; however, changes in other
conditions, including medical complications, psychiatric status, psychoso-
cial functioning, eating patterns, and quality of life are also important in
understanding the outcome of bariatric surgery. It is likely that these areas
are highly intercorrelated and that outcome is multidimensional (58). What
follows is a review of research investigating the impact of psychopathology
on bariatric surgery outcome.

Psychiatric Comorbidity

Recent research has attempted to investigate the impact of psychiatric
comorbidity on weight loss following bariatric surgery. Most of these inves-
tigations have concluded that presurgical psychiatric status does not nega-
tively impact bariatric surgery outcome when weight loss is used as the
outcome measure (21,26,40,41,46,52). However, a review of the findings
reveals great variability in independent variables and surgical procedures,
making definitive conclusions impossible.

Schrader et al. (59) investigated whether psychosocial factors, includ-
ing psychiatric history, contributed to weight loss following gastroplasty,
gastric bypass, or gastrogastrostomy. Patients participated in a presurgical
semistructured interview and weight measurements at 6, 12, 24, and 36
months. The presence of a psychiatric history did not predict weight loss
or noncompliance following surgery in this study; however, psychiatric his-
tory was not clearly defined. Hafner et al. (25) hypothesized that presurgical
psychopathology would predict less successful weight loss following ‘‘gastric
restriction surgery.’’ The results did not support their hypothesis; the pre-
sence of depression, anxiety, phobias, obsessions, somatization, aggression,
assertiveness, or marital dissatisfaction did not predict less weight loss.
Hsu et al. (60) similarly found that psychiatric status previous to and/or
following vertical banded gastroplasty (VBG) did not affect weight loss.
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One study did suggest that more severe psychological problems, as
measured by the Minnesota Multiphasic Personality Inventory (MMPI),
were correlated with poorer weight loss in a sample of women who under-
went VBG. The authors concluded, however, that ‘‘there was no direct or
linear relationship between severity of psychological disturbance and surgi-
cal outcome’’ (58). Rather, types of psychopathology, including emotional
lability, self injurious behaviors, impaired interpersonal functioning, suspi-
ciousness, self-defeating behaviors, and familial psychiatric history were
associated with poorer weight loss.

In sum, when weight loss is used as the outcome measure, studies sug-
gest that presurgical psychiatric comorbidity does not negatively impact
bariatric surgery outcome. However, when other measures of outcome are
considered, it is apparent that the presence of psychopathology does impact
patients’ postsurgical experience and functioning in important ways. Studies
have investigated the impact of psychopathology on such outcomes, includ-
ing medical complications, worsening psychiatric status, and eating beha-
vior (37,59,61–63).

Valley and Grace (61) found that a history of psychiatric hospitaliza-
tions, MMPI scale elevations, negative life events, and lack of social support
failed to predict weight loss in a sample of patients undergoing horizontal
reinforced gastroplasty. A history of psychiatric hospitalizations and lack
of social support, however, predicted increased medical complications and
decreased satisfaction with surgical outcome. The authors concluded that
the severity of psychopathology was correlated with the presence and sever-
ity of medical complications and hypothesized that these patients may have
used food as a source of coping with negative emotionality presurgically.
This in turn resulted in poor compliance with dietary recommendations
and subsequent medical complications.

Another study found that increased psychopathology correlated with
increased improvements in psychological functioning (as measured by
reductions in MMPI scale score elevations) and also with postoperative
medical and psychological complications (59). Powers et al. (37) found that
a presurgical diagnosis of depression or anxiety was associated with postsur-
gical problems including medical complications, eating disturbances, psy-
chosexual adjustment difficulties, and impaired social functioning. These
investigations highlight the importance of thorough presurgical psychiatric
assessment and the need for the consideration of the multifaceted nature
of bariatric surgery outcome.

Eating Specific Comorbidity

The presence of eating disorders as a specific form of psychopathology has
also been the subject of investigation in bariatric surgery outcome studies.
Although there are case reports describing patients developing anorexia
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nervosa and bulimia nervosa after bariatric surgery, research has primarily
focused on investigating the impact of BED and related eating patterns,
including night eating syndrome and grazing, on the outcome of bariatric
surgery (42,64–66).

As noted, the rates of BED in the bariatric surgery population are sig-
nificant. Including subthreshold binge eating, grazing, and night eating only
increase the prevalence rates of disturbed overeating behavior among these
patients. When strict diagnostic criteria related to consuming an objectively
large amount of food is considered, bariatric surgery appears to be a ‘‘cure’’
for BED. Kalarchian et al. (29) reported that binge eating was eliminated for
all of 22 patients classified presurgically as binge eaters at four-month
follow-up. This is explained by the fact that patients are no longer able to
physically consume an objectively large amount of food. However, some
patients with a history of binge eating continued to experience a sense of loss
of control characteristic of binge eating after bariatric surgery. Similarly,
Powers et al. (38) reported elimination of binge eating in all subjects with
presurgical BED; however, it would appear that binge eating was again
defined by consuming objectively large amounts of food. Given the mechan-
ical limitations resulting from bariatric surgery, outcome measures for binge
eating in this population will need to be modified, especially the criterion for
eating an objectively large amount of food, when determining the presence
of binge eating and its impact on outcome.

Whether or not presurgical eating disorders (e.g., BED) or disordered
eating patterns (e.g., grazing and night eating) impact surgical outcome
therefore depends in part upon the surgical procedure as well as the outcome
measure being used. Several studies have attempted to discern whether a his-
tory of BED is associated with poor weight loss outcome (10,38,60,65,66).
Mitchell et al. (10) found that patients who redeveloped binge eating
behaviors, excluding the requirement of consuming a large amount of food,
following gastric bypass demonstrated a greater likelihood of weight regain.
Kalarchian et al. (67) found that almost half of subjects in their study experi-
enced a sense of loss of control while eating, and that binge eating was
associated with greater weight regain and elevated scores on measures of
eating pathology. Taken together, this research suggests that presurgical
binge eating may place patients at higher risk for the reemergence of eating
problems and greater weight regain in the long term. In contrast to the results
of these studies, Powers et al. (38) did not find an association between presur-
gical binge eating or night eating and weight loss or weight regain. Others
found that presurgical binge eating predicted a higher vomiting frequency
after gastric banding with a higher complication rate (e.g., neostoma
stenosis) (40).

Research investigating psychopathology in bariatric surgery patients
highlights the high prevalence of psychiatric comorbidity in this popula-
tion. Although great variability in patient populations, outcome measures,
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follow-up periods, and surgical methodologies used make it difficult to draw
definitive conclusions, it is apparent that psychiatric and eating related
comorbidity impact surgical outcome, particularly medical complications,
weight loss, and weight maintenance. Further investigation into comorbid
psychopathology, eating behavior, psychosocial functioning, and quality
of life presurgically and longitudinally is needed to guide developments in
patient selection as well as appropriate interventions for patients at risk of
poor outcome.

TREATMENT OF COMORBID PSYCHOPATHOLOGY

Although few in number, investigations have been conducted examining the
impact of psychosocial interventions aimed at enhancing outcome, including
nonspecific psychotherapy, preoperative weight loss programs, behavioral
therapy, brief strategic therapy, and cognitive behavioral interventions for
bariatric surgery patients (68–74). Although highly variable in sample size
and selection, surgical procedures, interventions, and outcome measures,
research has shown some promising results.

Support Groups

The provision of support groups as a component of bariatric surgery ser-
vices is increasingly common. It has been suggested that emotional support
is necessary for a successful surgical outcome (75). Marcus and Elkins (75)
put forth a model for supportive group therapy which addresses issues per-
tinent to gastric bypass patients presurgically, the first six months following
surgery, and beyond. Their model includes emphasis on self-responsibility,
relapse prevention, and group process. Their work has found that patients
who are intelligent, motivated, psychologically open, and who are more
distressed by obesity and changes subsequent to surgery are most likely to
benefit. There is also some evidence that suggests that attendance at support
groups may enhance weight loss.

Psychoeducation Programs

Psychoeducation regarding surgical procedures, potential complications,
and necessary dietary and lifestyle changes is routinely provided. Horchner
and Tuinebreijer (76) studied the impact of presurgical psychoeducation on
postoperative pain, vomiting, and analgesic use in a sample of patients
undergoing VBG. Patients received verbal, written, and audiovisual materials.
Although the differences were not statistically significant, patients receiving
this structured psychoeducation program seemed to experience less post-
operative pain and vomiting and shorter hospital stays.
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Behavioral Weight Loss Interventions

Investigations have been conducted into the safety and efficacy of preopera-
tive weight loss programs and their impact on bariatric surgery outcome.
Martin et al. (69) found that although preoperative weight loss did not
determine psychiatric complications or wound healing, it seemed to reduce
length of hospital stay. Another study found that although presurgical
weight loss interventions may not impact postsurgical weight loss, it
may reduce the occurrence of eating disturbances such as excessive sweet
eating (70).

Psychotherapeutic Interventions

Traditional psychotherapy interventions have also been the subject of inves-
tigation in bariatric surgery patients. Tucker et al. (71) investigated the
impact of behavioral interventions on the adjustment to postsurgical eating
and lifestyle changes following gastric bypass surgery. Although patients
receiving behavioral treatment did not differ in weight loss, daily caloric
intake, or frequency of vomiting or pain, they did demonstrate higher levels
of psychosocial functioning and greater physical activity. Brief strategic
therapy has also shown promising results, particularly for patients with a
history of BED and sweet eating (72).

Given the well established efficacy of cognitive behavioral therapy for
many of the axis I disorders prevalent in bariatric surgery patients (i.e.,
depression, anxiety, and BED), cognitive behavioral interventions appear
particularly well suited for these patients. In view of the significant changes
in eating patterns required postsurgically, behavioral strategies for adopting
new eating patterns and eliminating those that could interfere with weight
loss and contribute to weight regain, such as sweet eating, grazing, and
subjective binge eating, could significantly enhance outcome. In light of
the presence of psychosocial comorbidity, interventions targeting cognitive
restructuring, impulse control, body image, stress management, problem
solving, and interpersonal functioning would also be appropriate. Relapse
prevention techniques would likely be effective given the risk for reemer-
gence of eating pathology for some patients and weight regain in the long
term for most.

Kalarchian and Marcus (73) have outlined the multiple functions of
cognitive behavioral interventions during the preoperative, postoperative,
and longer-term adjustment phases for the bariatric surgery patient. In
addition, Saunders (74) has developed a structured intervention program
utilizing cognitive behavioral interventions, particularly targeting patients
with binge eating symptoms. Interventions were particularly beneficial
in increasing awareness of problematic eating patterns and developing
adaptive coping skills and alternatives to self-nurturing.
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SUMMARY

As overweight and obesity increase in prevalence, additional patients with
psychopathology will be presenting for evaluation for bariatric surgery.
Some conditions appear to be contraindications, including dementia, chronic
psychoses, mental retardation, and active substance abuse/dependence.
Patients can be screened by using standardized databases, self-report forms,
and interviews. Certain forms of psychopathology, particularly mood and
anxiety disorders and BED, are common among surgical candidates. While
many of these problems often improve with postsurgical weight loss, such
a comorbidity may result in adjustment problems after surgery, and BED,
if recurrent, may lead to weight regain over the long term. Certain psychoso-
cial interventions, currently under development, may improve the outcome of
such patients.
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nicotine nasal spray, 132
nicotine patch, 131

Weight history, 219
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behavioral treatment in, 236
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maintenance, 389

[Weight loss]
medications for, 263

categories of, 334
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Weight management, in psychiatric
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Weight regain, 262
Weight-reducing diets, 331
Wellbutrin, 361
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