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Preface

After lurking in the background for many years, overweight and obesity

have relatively suddenly, on the scale of human disease, become a major prob-

lem affecting many countries across the world. The reason for this is the

remarkably rapid increase in overweight and obesity in both children and adults.

The problem in childhood is the most alarming statistic because the disease bur-

dens associated with overweight and obesity are now projected to increase

steadily in future years. Hence, obesity is a chronic disease associated with

much morbidity and mortality. It is also a complex disorder with multiple bio-

logic and environmental inputs controlling energy balance. Clearly the odds are

against us at present because the human condition is tipped toward energy con-

servation and the present food and activity environments are pushing the weight

curves to the right, although whether the whole population or only a (large) pro-

portion of the population is involved in this trend is debatable at present. The

environment is in control at present. In some countries today, the situation is

reversed with too many people chasing too few calories. The result is that there

are few obese individuals, or to put it more accurately there are fewer individu-

als who used to be thin, and many thin individuals who used to be overweight

or obese. Both an abundance of food and starvation are excellent examples of

the environment interacting with, and overwhelming, genetic predispositions.

Does a complex disorder always demand a complex understanding of the

inputs from genes to environment and their various interactions to affect a cure?

As Rees pointed out in a paper titled ‘Complex disease and the new clinical sci-

ences’ published in Science in 2002, pernicious anemia is a complex disorder

‘Yet once mechanistic insight was obtained, treatment was simple; injection of
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the missing vitamin B12.’ The Achilles’ heel of the disease had been discovered.

Clearly we have not yet discovered the Achilles’ heel of overweight and obesity.

Perhaps we never will, although at least for severe obesity, bariatric surgery, as

described in this book, is close to such a simple approach, by cutting down on

available calories in a way that appears acceptable to the majority of those

affected.

Certainly, as this volume indicates, we have made many advances in our

understanding of overweight and obesity in every area from the control of feed-

ing and energy balance, to epidemiology, and to improvements in the various

treatments available for these disorders. Yet despite these advances, the ‘epi-

demic’ as some now call it, is gathering speed. One of the most persistent prob-

lems is helping individuals to control their weight for health reasons is the lack

of maintenance of weight losses in most studies that follow their participants

for long enough. This brings us back to the problem that both biology and the

environment are acting against weight loss in most developed countries.

Because we can only control the biological pressures to a small extent, the

focus should probably be on modifying the environment. If this is to be done

well it would have to involve many levels of society from government, to the

food industry, to the family. In other words, a well-organized public health

campaign, somewhat modeled after the very successful efforts made to reduce

the frequency of smoking.

The history of binge eating disorder (BED) is both separate and inter-

twined with that of obesity. Basically, once anorexia nervosa (AN) and bulimia

nervosa (BN) were clearly defined, including their subclinical variants

presently denoted as eating disorder not otherwise specified (EDNOS), it

became recognized that there may be another eating disorder, often but not

exclusively associated with overweight or obesity, characterized by binge eat-

ing without compensatory behaviors. The pros and cons of designating BED as

a disorder are well covered in the chapter by Tuschen-Caffier and Schlüssel.

The evidence seems to point towards designation as a new eating disorder

although whether it causes obesity, or is caused by obesity, or is simply a sepa-

rate but associated condition is unclear. Because BED has only been relatively

recently recognized, as opposed to AN and BN, research into its clinical course

and treatment is only now emerging as delineated in the chapters in the section

on BED. In some ways it was unfortunate that a substantial body of work on

bulimia nervosa preceded the delineation of BED. Hence, treatments for BN

were applied without much modification for the treatment of BED. One of the

problems associated with doing this was that some of the early steps in treat-

ment research such as using carefully designed control psychotherapies were

by-passed in the early work. Hence, it is still unclear whether all treatments are

similarly effective in BED, and more importantly whether any are specifically
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effective for the treatment of BED. A number of studies addressing these issues

are now in process and will undoubtedly lead to clarification as to the speci-

ficity of treatments such as cognitive-behavioral therapy (CBT) or interpersonal

therapy (IPT).

Because the majority of patients with BED are also overweight, the prob-

lem of treating both the eating disorder and overweight arises. For the most part,

there is little evidence that either CBT or IPT is associated with much in the

way of weight loss, although there is some evidence that those who maintain

cessation of binge eating do lose weight. This dual problem of an eating disor-

der accompanied by overweight has been somewhat ignored in the research lit-

erature to date, and forms an area for further research. Moreover, because of the

short-circuiting of the development of treatment research in BED by applying

what was already known for the treatment of BN, we may have overlooked

aspects of the psychopathology of BED that may call for different and novel

approaches to treatment specifically designed for BED.

Stewart Agras

Stanford, Calif.
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Control of Food Intake

Jean-Pierre Gutzwiller, Christoph Beglinger

Division of Gastroenterology, University Hospital, Basel, Switzerland

A great deal of research interest is directed toward understanding the con-

trol of appetite and regulation of metabolism. It seems as if an epidemic of obe-

sity is sweeping the world and type II diabetes is following in its wake. The

regulation of energy homeostasis is an area that straddles neurobiology, classical

endocrinology and metabolism. It is currently one of the most exciting and

rapidly advancing topics in medical research; it is also one of the most frus-

trating. For even though numerous leaps in scientific understanding have been

made, these have not yet been rewarded by any major breakthrough in the prac-

tical treatment of human nutritional disorders. Three decades ago, the concept

of food intake control was quite simple and consisted of two main centers:

(1) The ventromedial hypothalamic nuclei (VMH), perceived as the ‘satiety

centre’. Stimulation of these nuclei inhibits feeding whereas lesions in this

region result in hyperphagia and weight gain [1]. (2) The lateral hypothalamic

area (LHA), viewed as a ‘feeding centre’whose actions oppose those of the VMH.

Electrical stimulation of this region increases food intake [2] while damage

here leads to fatal anorexia and wasting [3].

In the past decade, research has identified an increasing number of pep-

tides and other neurotransmitters that are involved in appetite control. Even

though much of the research has been carried out on animals, these models

have parallels in humans. Metabolism or energy balance is primarily regulated

by the central nervous system (CNS), which uses a wide range of humoral and

neural signals to sense the metabolic status and control energy intake. Appetite

control is dependent on the peripheral physiology and the signals from meta-

bolic processes which are transmitted to the brain. The general mechanism for

appetite control involves the intake of food followed by release of peptides

from the GI tract, which then sends feedback signals to the brain. These feed-

back signals pass as hormones through the blood via the arcuate nucleus (ARC)

to subcortical brain centers or, through afferent fibers of the vagal nerve via the

nucleus tractus solitarius (NTS) into the brainstem.

Hunger and Satiety
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Central Anatomical Sites for Appetite Regulation

Knowledge about this topic has been gleaned from data obtained from

experiments in rodents. Some of the lessons learned from lower mammals may

also apply to man, although the strength and emphasis of the message may dif-

fer between the species. The basic organization of the hypothalamus is illus-

trated in figure 1.

The ARC lies in the floor of the third ventricle and occupies almost half of

the length of the hypothalamus. The ARC contains several functionally discrete

populations of neurons. These include one that expresses the orexigenic

(appetite-stimulating) neuropeptides, neuropeptide Y (NPY) and agouti-related

peptide (AGRP), while another contains pro-opiomelanocortin (POMC) and

cocaine- and amphetamine-related transcript (CART) neurons, which are

anorexigenic (appetite-inhibiting) [4]. The ARC lies within the mediobasal

hypothalamus, where the blood-brain barrier (BBB) is specially modified to

render this region easily accessible to circulating hormones, such as leptin,

insulin, ghrelin and the glucocorticoids. All these centres are involved in sig-

nalling the nutritional state and in regulating appetite.

1

2

3

4

5

6

7

8

1  Pituitary 

2  Arcuate nucleus 

3  Ventromedial hypothalamic nucleus 

4  Dorsomedial hypothalamic nucleus  

5  Paraventricular nucleus 

6  Suprachiasmatic nucleus 

7  Chiasma opticum 

8  Lateral hypothalamic area

NPY/AGRP

NPY

Fig. 1. Intrathalamic signals. Pathways from the arcuate nucleus to the paraventricular

nucleus are mediated through neuropeptide Y (NPY) and/or alternatively, through agouti-

gene related peptide (AGRP). Pathways from the arcuate nucleus (ARC) to the ventromedial

hypothalamic nucleus (VMH), from the VMH to the dorsomedial hypothalamic nucleus

(DMH) and from the DMH to the paraventricular nucleus (PVN) are mediated through NPY.
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The ARC has extensive reciprocal connections with other hypothalamic

regions that control energy balance, including the paraventricular nuclei (PVN),

ventromedial hypothalamic (VMH) and dorsomedial hypothalamic (DMH)

nuclei, as well as the lateral hypothalamic area (LHA) (cf. fig. 1).

The PVN, located beside the top of the third ventricle in the anterior hypo-

thalamus, is the site of convergence for many neuronal pathways that regulate

energy homeostasis. These include projections from the NPY/AGRP and

POMC/CART neurons in the ARC, and from the orexin neurons of the LHA.

The PVN also contains neurons that express corticotrophin-releasing factor, an

appetite-inhibiting peptide that is released in the ARC and apparently acts to

inhibit the NPY neurons.

The large VMH was long considered a ‘satiety centre’, as mentioned

above. Although this hypothesis now appears to be overly simplistic, recent

studies have shown that the VMH neurons abundantly contain the long isoform

of the leptin receptor (Ob-Rb) [5]. This implicates this region as being an

important target for circulating leptin, the adipocyte-derived hormone that acts

on the brain to inhibit feeding.

In addition, the VMH is rich in glucose-responsive neurons; these respond

to an increase in blood glucose levels and may help to terminate feeding [6].

The VMH has direct connections with the PVN and DMH and through them,

may connect indirectly with the LHA.

The diffuse LHA contains separate populations of neurons that express the

orexigenic peptides, orexin-A and melanin-concentrating hormone (MCH).

NPY terminals are abundant in the LHA where they form synaptic connections

with the orexin-A and MCH cell bodies; this region is also rich in the NPY Y5

receptors have been proposed as mediating the appetite-stimulating effects of

NPY [7]. The LHA, classically viewed as a ‘feeding centre’, is rich in glucose-

sensitive neurons that are excited by a decrease in the blood glucose concentra-

tion, itself a powerful stimulus to feeding.

The DMH, located immediately above the VMH, contains abundant

insulin and leptin (Ob-Rb) receptors. ARC NPY/AGRP neurons also terminate

here. The DMH has extensive connections with other hypothalamic nuclei. The

DMH and the PVN are thought to integrate opposing signals from the VMH

and the LHA, effectively acting as a functional unit that initiates, maintains and

ultimately terminates feeding [8].

The regulation of energy homeostasis also involves multiple brain regions

outside the hypothalamus. The medulla contains the nucleus tractus solitarius

(NTS), which receives sensory inputs from the viscera and relays them to the

hypothalamus. These visceral signals, carried by sensory (afferent) fibers of

the vagus nerve, include gastric distension and portal vein glucose levels, and

thus depict the nutritional state as perceived by the gut. Cholecystokinin
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(CCK), the intestinal peptide released by the duodenum and involved in meal

termination, also sends signals to the NTS via receptors (CCK1) on sensory

terminals of the vagal nerve. Taste is another sensory modality conveyed to

the NTS.

Central Signals Involved in Satiety Regulation

The hypothalamus contains many different neurotransmitters and peptides –

to date, more than 50 have been reported. Many can influence feeding behavior

and energy metabolism under experimental conditions in rodents. Most of these

neurotransmitters have been identified within the human hypothalamus, but

relatively little is known about their neuronal pathways, sites of release or pos-

sible functions in humans.

Neuropeptide Y

NPY, a 36-amino acid neurotransmitter belonging to the pancreatic

polypeptide family, is one of the most abundant and widely distributed neuro-

transmitters in the mammalian central nervous system, including man. NPY

concentrations are particularly high in the hypothalamus, mostly derived from

neurons in the ARC, 90% of which also express AGRP [9]. NPY injected into

cerebral ventricles or directly into the PVN, DMH or LHA induces pronounced

hyperphagia – indeed, NPY is one of the most potent central appetite stimu-

lants known. Chronic NPY administration induces obesity and it must also be

mentioned that overactivity of the ARC NPY neurons is thought to contribute

to has been implicated in hyperphagia. The orexigenic action of NPY is thought

to be mediated by specific subtypes of NPY receptors, probably Y5, with Y1

likely playing an additional role [10]. ARC NPY neurons become overactive in

animals that have lost body weight and fat through energy deficits, such as star-

vation, lactation, or insulin-deficient diabetes. They also become overactive in

rodents with genetic obesity that is due either to leptin receptor defects or to a

loss of biologically active leptin (ob/ob mouse). However, NPY does not appear

to mediate overeating under all conditions, nor in all forms of obesity. ARC

NPY neuronal activity is reduced in rats with dietary obesity induced by vol-

untary overeating of a palatable diet; the neurons may be inhibited in an attempt

to limit overeating and weight gain. Surprisingly, transgenic knockout mice that

lack NPY eat and grow normally [11]. However, this does not rule out a role for

the NPY system in regulating food intake, but instead highlights the potential

for other neuronal systems or transmitters to take over from NPY – indeed, this

ability to be overridden is a general caveat when using the knockout approach

to explore the control of energy homeostasis. Using NPY knockout mice, it has
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been shown that AGRP messenger RNA and immunoreactivity are upregulated

with fasting, suggesting that AGRP (also produced by the NPY neurons) may

compensate for the lack of NPY in this model [12].

Melanocyte-Stimulating Hormones and Melanocortin Receptors

The melanocortin neurons produce various peptides derived from a com-

mon precursor, pro-opio-melanocortin (POMC). POMC is synthesized in spe-

cific neurons of the ARC and NTS. Three melanocortin receptor subtypes,

MC3-R, MC4-R, and MC5-R, have been located in the brain; both MC3-R and

MC4-R are expressed within specific hypothalamic nuclei, including the VMH,

DMH and ARC-ME (arcuate nucleus-median eminence) [13, 14]. Both MC3-R

and MC4-R probably mediate the hypophagic effects of the melanocortins, but

recent studies have assigned MC4-R the principal role. MC4-R knockout mice

display obesity [15]. MC3-R knockout mice become obese; adiposity develops

despite reduced food intake, apparently because of greater feeding efficiency,

while mice lacking both MC3-R and MC4-R demonstrate greater obesity than

when MC4-R alone is deficient [16]. Thus, both of these melanocortin recep-

tors probably participate in the regulation of body weight.

The melanocortin system responds to various peripheral signals of nutri-

tional status, notably leptin. Approximately 30% of ARC POMC neurons

express the Ob-Rb isoform of the leptin receptor. Intraperitoneal leptin adminis-

tration increases hypothalamic POMC mRNA levels while conditions associated

with decreased leptin (e.g. fasting) or mutations that cause loss of the leptin

signal (ob/ob and fa/fa) show decreased POMC mRNA levels [17]. Leptin there-

fore appears to stimulate POMC neurons, consistent with the observation that

both inhibit feeding. There is also evidence that leptin may act on a particular

subset of neurons (POMC or NPY/AGRP) that project specifically to MC4-R in

the VMH, and so determine an individual rat’s susceptibility to dietary-induced

obesity [18].

AGRP, expressed in NPY neurons of the ARC, may be regulated more rig-

orously by an altered metabolic state than by the melanocortins themselves.

Changes in AGRP concentrations are observed in dietary-obese and food-

restricted animals in the absence of any alterations in �-MSH or POMC [19].

This suggests that AGRP may fine-tune the activity of the melanocortin axis.

The melanocortin axis also operates in humans as confirmed by recent obser-

vations that rare cases of morbid obesity are associated with specific mutations

affecting components of this system [20].

Orexins

Orexin-A and orexin-B are two homologous peptides of 33- and 28-amino

acid residues, respectively [21]. Orexins/hypocretins are expressed by specific
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neurons restricted to the perifornical nuclei and dorsal and lateral areas of

the hypothalamus. Orexin neurons also interact with other appetite-regulating

neuronal systems, and reciprocal connections between orexin neurons and ARC

NPY/AGRP and POMC/CART populations have been identified [22]. Central

orexin administration stimulates feeding, and this action gave the peptides their

name [Greek orexis: appetite].

It appears that the nutritional conditions under which orexin neurons are

activated are very tightly controlled, with decreased plasma glucose and the

absence of food from the gut both being required. Acute hypoglycemia acti-

vates orexin neurons, but this response is prevented by allowing the animals to

eat, suggesting that the presence of food in the gut (e.g. gastric distension) may

generate inhibitory signals [24]. Such signals are known to be transmitted via

vagal sensory fibers to the NTS, whence important projections ascend to the

LHA, the site of the orexin neuron cell bodies (cf. fig. 1). Current evidence

indicates that the orexins are involved in the short-term regulation of feeding

rather than the long-term control of body weight.

Orexin-A induces acute hyperphagia, particularly during daytime, which

can be blocked by specific antagonists. The stimulation of feeding is short-

lived: the overall 24-hour intake is not increased after a single injection nor

does obesity follow chronic intracerebroventricular administration [23].

Orexin-B has a much weaker effect in stimulating feeding.

Glucose-Sensing Neurons

Glucose is the main metabolic fuel of the brain, and decreases in blood

glucose concentration potently stimulate feeding. Specific CNS regions,

notably the PVN, VMH, ARC and LHA, as well as the NTS, contain glucose-

sensing neurons that detect changes in glucose availability. Glucose-sensing

neurons fall into two classes: glucose-responsive neurons (GRN), which

increase their firing rate as glucose levels increase; and glucose-sensitive

neurons (GSN), which are stimulated by decreases in glucose [25]. It has

been postulated that changes in glucose availability are important in the

short-term regulation of feeding. A transient, small decrease in blood glucose

levels (�0.5mmol/l) precedes most spontaneous feeding episodes in rats,

and giving exogenous glucose at this time can abolish feeding [26]. It has

therefore been assumed that GSN and GRN are respectively involved in ini-

tiating and terminating feeding in response to changes in glucose levels, but

this hypothesis has not been vigorously tested. It is now becoming clear that

glucose-sensing neurons are affected by circulating factors other than glucose –

for example, leptin and insulin both inhibit the GRN of the VMH [27] as well

as interact with other appetite-regulating neuronal systems, such as the orexin

pathways [28].
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Signal Pathways and Factors from the Gut to the Brain

The gastrointestinal (GI) tract accepts ingested food and processes it, both

mechanically and chemically, into small, absorbable units. Thus, carbohydrates

are processed in the stomach and small intestine into fatty acids and monosac-

charides; lipids are transformed into glycerol and fatty acids; and finally, pro-

teins are cleaved to amino acids. All these digestive end products plus

micronutrients, such as vitamins and minerals, become absorbed by the body.

The entire process of digestion is coordinated by interactions of the enteric

nervous system that innervates the walls of the GI tract. Many gastrointestinal

factors are released from specialized endocrine cells into the circulation or

serve as neurotransmitters mediating signals from the enteric nervous system.

These signals are transmitted from the gut to the brain and become integrated

at various centers in the hypothalamus, reflecting the load of nutrients ingested.

As a group, these peptides are called satiety signals because most create a sen-

sation of fullness in humans and reduce food intake when administered to

humans or animals.

Several criteria must be fulfilled before a hormone or neurotransmitter

can be considered a satiety signal. First, the signal must exert a reducing effect

on the meal size. Second, it should evoke the opposite effect when it is blocked

by a specific receptor antagonist. The knockout experiment is one approach

used to follow what happens when the factor under investigation is not present,

i.e. it has been ‘knocked out’. Third, the reduction in food intake caused by

administration of such a ‘satiety’ signal should not be the consequence of illness

or malaise. Fourth, the secretion of an endogenous satiety signal must be

induced by ingested food, and the pharmacological profile must be related to

the ingestion of meals. However, this condition can only be applied to humoral

factors.

Looking at ingestive behavior, most meals are initiated at times that are

convenient or habitual and are therefore based more on social or learned factors

rather than on adjustments of energy levels within the body. Because of this,

the regulation of food intake is evidenced by how much food will be consumed

when a meal is eaten [41]. This type of control allows considerable flexibility,

such that individuals can adapt their meal patterns to their environment and

lifestyle while still maintaining control over the amount of food consumed and

integrating this with body fat. The satiety system, as its name implies, deter-

mines meal size which is equated with the phenomenon of satiety or fullness.

Cholecystokinin (CCK)

The duodenal peptide, CCK, is the most extensively studied satiety sig-

nal. It is secreted from duodenal cells in response to nutrients in the lumen;
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the specif ic nutrients that are most effective in evoking its release vary

among the different species. Part of the secreted CCK enters the blood and

stimulates the exocrine pancreas and gallbladder to secrete appropriate

enzymes into the duodenum, thereby facilitating the digestive process.

In 1973, Gibbs et al. [42] administered purified or synthetic CCK to rats

before a meal and observed that meal size was reduced in a dose-dependent

fashion. Since then, dozens of experiments have documented the ability of

exogenous CCK to reduce meal size in numerous species, including humans

[43, 44].

The role of the preabsorptive release of CCK in the production of meal-

ending satiety has been extensively studied in animals [45, 46]. The effect

of CCK on food intake was shown to be an interaction of various factors:

Muurahainen and coworkers suggested that a preload of a liquid meal inducing

gastric distension together with a concomitant infusion of CCK-8 could reduce

food intake in humans. Later, using the CCK1-receptor antagonist, loxiglu-

mide, our group demonstrated that this combined effect was mediated by

CCK1-receptors [47]. In another study, we showed that endogenous CCK

mediates fat-induced reduction of food intake, and that CCK participates in the

interaction of intraduodenal fat with the stomach to regulate food intake in

humans, an effect mediated by CCK1-receptors [48]. However, mice with a

targeted deletion of the CCK1-receptor have normal body weight, implying

either mechanisms to compensate for the lacking CCK1 signalling, or that

CCK may not be involved in long-term body weight maintenance in mice. The

most popular conceptualization of the mechanism by which CCK works is that

when nutrients enter the duodenum and stimulate CCK secretion, some of the

CCK acts in a local paracrine manner to stimulate CCK1-receptors on the sen-

sory fibers of the vagus nerves [101]. Other branches of the same vagal sensory

nerves carry information from the stomach wall and elsewhere, and thus the

same neurons can be sensitive to both CCK and other stimuli, such as gastric

distension. This information is then transported to the brain through the nucleus

tractus solitarius.

Glugacon-Like Peptide-1 (GLP-1)

The pro-glucagon-derived glucagon-like peptide-1(7–36)amide (GLP-1)

is a gastrointestinal hormone that is released in response to food intake from

the distal small intestine [49, 50]. Its biological effects include a glucose-

dependent insulinotropic effect on the pancreatic B cells and inhibition of gas-

tric emptying. This last effect can be interpreted as being part of the ‘ileal

break mechanism’, an endocrine feedback loop that is activated by nutrients in

the ileum [50, 51]. In addition, GLP-1 has been proposed as playing a physio-

logical regulatory role in controlling appetite and energy intake in humans
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[52, 53] and in animals [54, 55]. This observation can be extended to patients

with obesity and diabetes mellitus type 2 [56, 57]. Recent data suggest that

longer term subcutaneous infusions of GLP-1 for 6 weeks even reduces body

weight [58]. This study could demonstrate that GLP-1’s effect on food intake

does not exhibit tachyphylaxis, and also makes the concept suitable for a new

treatment approach in patients with diabetes type 2 and weight problems.

Thus, long-acting GLP-1 analogues are becoming available for human use

[59, 60].

Although it is established that GLP-1 exerts specific functions in the cen-

tral nervous system [55], the exact mechanisms by which the peptide influ-

ences feeding behavior have not yet been completely clarified. The wide

distribution of GLP-1 receptors in the area postrema [61–64] implies that

central effects may be involved in the reduction of food ingestion following

GLP-1 infusion. An additional inhibition of gastrointestinal motility by GLP-1

[65–67] may reduce feelings of hunger and, in turn, increase satiety. It is still

incompletely understood how peripherally secreted or injected GLP-1 can

evoke central effects as most of the GLP-1 binding sites in the hypothalamic

and extrahypothalamic nuclei are separated from the circulation by the blood-

brain barrier. It is possible that peripherally injected or secreted GLP-1 could

stimulate peripheral vagal afferent nerve fibers that project to central nuclei in

the hypothalamus. Another possible mode of action could be transport into the

central nervous system via specific carriers or endothelial leaks, making

peripheral GLP-1 accessible to central binding sites [68]. It is likely that GLP-1

exerts its effect on the regulation of food intake via a specific interaction with

binding sites in certain areas of the central nervous system from where efferent

projections are directed to the hypothalamus. Finally, an important observation

is the fact that obese subjects have an attenuated postprandial GLP-1 secretion

after oral carbohydrate ingestion [69].

Peptide YY3–36
Peptide YY3–36 (PYY) is synthesized and released from specialized

endocrine cells in the gut (L-cells), found primarily in the distal gastrointesti-

nal tract. The same cells synthesize and release GLP-1. In response to the

ingestion of nutrients, PYY levels increase within 15min, peak at 60min, and

remain elevated for up to 6 h [70]. Similar to GLP-1, the initial increase occurs

before nutrients have reached the L cells, suggesting a neuronal or endocrine

mechanism. The sustained release is thought to be due to the direct effects of

the intraluminal gut contents on the L-cells [71]. PYY acts via NPY Y2 (Y2R)

receptors as a Y2R-agonist [72]. It was recently demonstrated that peripher-

ally-injected PYY inhibits food intake in mice and human volunteers [73].

Activity of c-Fos was observed in the arcuate nucleus. Peripheral infusion of
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PYY in Y2R-deficient mice did not influence food intake, suggesting that

PYY acts through Y2R receptors in the arcuate nucleus. The same group

observed that PYY levels are low in obesity, indicating PYY’s influence in the

pathogenesis of this condition [74]. PYY infused into obese patients reduced

food intake [74].

Ghrelin

Ghrelin, a recently discovered 28-amino acid peptide, is – in contrast to all

factors mentioned above – an orexigenic peptide. Synthesis of ghrelin occurs

predominantly in epithelial cells lining the fundus of the stomach. Ghrelin is

secreted in a pulsatile manner, similar to leptin. Interestingly, the gherlin recep-

tor was known well before ghrelin was discovered. Cells within the anterior

pituitary bear a receptor that, when activated, potently stimulates secretion of

growth hormone (GH) – and the receptor was named growth hormone secreta-

gogue receptor (GHS-R). In 1999, the natural ligand for the GHS-R was

announced as ghrelin, so named for its ability to provoke growth hormone

secretion. Ghrelin receptors are present on the pituitary cells that secrete growth

hormone, and have also been identified in the hypothalamus, heart and adipose

tissue.

In both rodents and humans, ghrelin functions to increase feelings of

hunger through its action on hypothalamic feeding centers. This makes sense

with respect to the increased plasma ghrelin concentrations observed during

fasting. Several investigators noted that either intracerebroventricular or

intraperitoneal ghrelin stimulated food intake as well as GH secretion in rats

[75–77], and the orexigenic effect was comparable to that of neuropeptide Y

(NPY) [78, 79]. Later experiments in volunteers demonstrated that intra-

venous ghrelin enhanced appetite and increased food intake [80]. Preprandial

ghrelin levels are, on average, 80% higher than postprandial ghrelin concen-

trations suggesting an important role of the peptide in meal initiation in

humans [81]. Interestingly, a diet-induced weight loss is associated with a

higher AUC of ghrelin, which is consistent with the hypothesis that ghrelin

has a role in the regulation of body weight [82]. In contrast, patients who

have undergone gastric bypass show reduced ghrelin levels. This pheno-

menon might contribute to the degree and duration of weight loss achieved

after gastric bypass surgery [82]. The fact that ghrelin levels are decreased

by caloric load to the stomach, rather than bygastric distension alone,

suggests involvement of gastric chemosensory afferents [75]. After adminis-

tration of ghrelin, there is an increase in c-Fos mRNA expression in the

arcuate nucleus of the hypothalamus [83]. More than 90% of NPY neurons

possess GHS-R mRNA [84]. Because of these results and the fact that NPY

has orexigenic effects, it was assumed that ghrelin acts via activation of NPY
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in the arcuate nucleus. Blockade of the gastric vagal afferents by vagotomy

and capsaicin abolished ghrelin-induced feeding and activation of NPY

neurons, implicating that ghrelin signalling is mediated through the vagus

nerve [86]. However, induction of hunger by ghrelin is not solely mediated

by NPY. When ghrelin is administered to NPY knockout mice, they still put

on weight [75], and there is evidence of increased agouti-related peptide

mRNA in the hypothalamus [85].

Role of Adipose Tissue

Recent clinical and experimental data have radically modified the concept

of adipose tissue as being solely devoted to energy storage and release. Adipose

tissue is critical for maintaining energy balance: it serves both as a storage

depot and an endocrine organ. It is likewise actively involved in sensing the

nutritional state of the organism through several different signalling pathways.

Identification of leptin, a hormone synthesized by adipose tissue, has ushered

in the modern view that it is a true endocrine organ.

Leptin

Leptin [Greek leptos: thin] is the product of the ob gene, identified in late

1994 on mouse chromosome 6 [29]. The ob gene is highly conserved among

vertebrates. Mouse leptin shares 84% sequence identity to the product of the

human ob gene, which lies on chromosome 7q31.3 [30]. Leptin is mainly pro-

duced in adipose tissue and secreted into the bloodstream; lower levels of

expression are also found in the brown adipose tissue, stomach and placenta of

rodents. The expression and secretion of leptin shows circadian variation and is

stimulated by insulin and glucocorticoids, which may explain the fall in expres-

sion during fasting [31, 32]. Two mutations have been identified in the mouse

ob gene; both lead to the ob/ob syndrome of hyperphagia, obesity and diabetes

mellitus type 2 [33].

The leptin receptors (OB-R) were first isolated from mouse choroids, and

exist as several splice variants that are expressed in various tissues [34]. The

isoform that mainly mediates the effect of leptin on body weight, OB-Rb, con-

tains all the intracellular motifs required for efficient activation of the JAK-

STAT signal transduction pathway (JAK, Janus Kinases; STAT, Signal

Transducer and Activators of Transcription) [35]. OB-Rb is highly abundant in

the hypothalamus where it is expressed by the NPY/AGRP and POMC/CART

neurons of the ARC, and by MCH and orexin neurons in the LHA. These neu-

rons, and others in sites such as the NTS, appear to mediate some of leptin’s

central actions, including inhibition of feeding [17].
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Leptin circulates at levels proportional to body fat mass in rodents, humans

and other mammals [33]. When injected into rodents either systemically or

intracerebroventricularly, leptin decreases food intake and increases BAT

(brown adipose tissue) activity and whole body energy expenditure, ultimately

causing loss of weight and body fat [33]. Circulating leptin can rapidly cross

the BBB to enter the mediobasal hypothalamus and may also reach periventric-

ular regions via the cerebrospinal fluid. Leptin inhibits the ARC NPY neurons

[36], but NPY-knockout transgenic mice also decrease feeding following leptin

administration, indicating that leptin also acts on other neuronal systems [11].

Absence of biologically-active leptin (as in the ob/ob mouse) or failure of the

brain to perceive it (the db/db mouse and fa/fa rat) leads to hyperphagia,

reduced BAT thermogenic activity and increased fat accumulation.

In humans, under conditions of consistent food intake, the primary deter-

minant of serum leptin is the amount of body fat. Leptin is highly correlated

with fat mass in adults, children and newborns. Serum leptin is elevated in

obesity and significantly reduced in lipodystrophic states [87–89]. The eleva-

tion in serum leptin in obesity appears to result from both increased fat mass

and an increased leptin release from larger adipocytes in obese subjects.

Leptin gene expression is greater in larger than in smaller adipocytes [90]; in

addition, there is a strong correlation between leptin secretion and fat cell

volume [91].

Serum leptin is significantly greater in women than in men with equiv-

alent body fat mass [92]. One explanation for this finding is that, compared

to men, women have a significantly greater subcutaneous adipose tissue

mass relative to omental adipose mass. Studies using adipose tissue obtained

from females have demonstrated that, in the same subject, leptin gene expres-

sion and leptin production are greater in subcutaneous than in omental

adipocytes [93].

Changes in the amount of adipose tissue alter leptin mRNA levels in the

adipocyte and the serum concentration of leptin. A decrease in adipose tissue

due to weight loss results in a decrease in circulating leptin, whereas an increase

in adipose tissue with weight gain significantly increases leptin [94]. Caloric

intake influences serum leptin independently of changes in adipose tissue mass.

Several in vivo and in vitro studies suggest that the signal linking energy intake

and leptin synthesis in the adipocyte is actually glucose and insulin. Serum lep-

tin falls with short-term fasting (24 h) and increases within 4–5 h after renewed

feeding. Maintenance of euglycemia prevents the fasting-induced drop in lep-

tin, implicating insulin or glucose as the nutritional signal recognized by the

adipocyte for leptin synthesis [95]. In a prolonged study of energy restriction,

changes in serum leptin correlated best with changes in glycemia [96].
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The diurnal profile of serum leptin is dependent on food intake: shifting a

meal by 6 h without changing light or sleep cycles shifts the leptin peak by

5–7 h. The peak in serum leptin concentration occurs at �2 a.m., and this is the

same for lean and obese subjects under normal physiologic conditions. A

dependency on day/night activity has also been shown: reversal of this activity

shifts the serum peak by 12 h [97].

Insulin

Insulin is another well-characterized adiposity signal; it circulates at

levels that parallel fat mass and its concentrations increase after feeding.

Insulin has been proposed as a signal for inducing food intake [98]. This

hypothesis is supported by studies showing that, in mice eating a high-fat diet,

disabling the insulin receptor in the central nervous system enhances their

sensitivity to develop obesity. Clinical support for this idea also comes from

studies where insulin secretion is blocked by a somatostatin agonist [99].

When children with hypothalamic obesity were treated with a somatostatin

agonist, the degree of reduction in weight was related to the reduction in

insulin secretion, as seen during an oral glucose tolerance test. In a subset of

severely obese adults, monthly injections of a somatostatin agonist suppressed

weight gain.

Similar to leptin, insulin can enter specific brain regions. This may occur

either by a crossing of the BBB using a specific transport mechanism, such as

one involving insulin receptors on the brain microvessels, or by being trans-

ported into the cerebrospinal fluid [37]. Insulin receptors are widely expressed

in the brain, and include the ARC, PVN, olfactory bulb, choroid plexus and

brainstem [38].

There is much evidence that insulin acts as a satiety factor on the brain

in a manner similar to leptin. Injections of subhypoglycemic insulin doses

into the cerebral ventricles of rats reduces food intake, whereas injecting

insulin antibodies into the VMH increases feeding [39]. In addition to

decreased leptin levels, decreases in peripheral insulin may contribute to

NPY neuronal hyperactivity and thus increase hunger feelings. It must be

mentioned that the intracellular signalling pathways for insulin and leptin

might well be the same [40]. Finally, evidence that glucose and insulin

regulate leptin production has been obtained with euglycemic-hyperinsu-

linemic clamp techniques: serum leptin is elevated by the end of prolonged

(9 h) euglycemic-hyperinsulinemic clamps at physiologic insulin concentra-

tions [100]. The pathways described in the chapter by Langhans and Geary

(this volume) are summarized in figure 2.
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Fig. 2. Peripheral satiety signals. This schematic presentation depicts the concept of

peripheral satiety signals and their connection to the brain. Fat induced satiety signals are

mediated through CCK via peripheral CCK1-receptors. CCK also inhibits gastric emptying,

insulin interacts with leptin on  fat cells in the adipose tissue. In addition, it induces satiety

through the arcuate nucleus (ARC). Leptin is released by adipose tissue and modulates sati-

ety in different hypothalamic centers., ghrelin is released from the stomach (fundus cells)

and induces hunger feelings via the ARC. PYY, which is colocalized with GLP-1 in the

L-cells in the distal ileum, induces satiety; PYY is part of a mechanism called the ‘ileal

brake’. GLP-1 increases insulin secretion and insulin sensitivity in the pancreatic �-cells. In

addition, it inhibits gastric emptying and induces satiety. It is not clear whether this occurs

through the vagus and nucleus of the solitary tract or through the ARC. Glucose sensors are

located in the NTS and in the paraventricular nucleus. A  drop in glucose induces hunger.

Gastric distension amplifies satiety signals via the NTS.
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Conclusion

The concept of food intake control has become more complex as our

understanding of the subject has increased. Decades ago, the generally-

accepted theory proposed that there was a central controller with two hypothal-

amic centers, one for hunger and one for satiety. Research has shown that the

control of food intake is the complex result of an integration of humoral and

neural signals among peripheral tissues, such as the gastrointestinal tract and

the adipose tissue, and the brain. Peripheral tissues send feedback signals to the

brain which act as hormones travelling through the blood via the arcuate

nucleus, or as neurotransmitters via the vagal nerve and the nucleus tractus

solitarius.

Neuropeptides from the GI tract, such as cholecystokinin, glucagon-like

peptide-1, peptide YY and ghrelin are important biological messengers that

carry information to the brain about the digestive state of ingested food in the

bowel lumen. 

Adipose tissue signals, such as those from leptin and insulin which relay

information to the brain, clearly demonstrate the importance of body fat tissue

in food intake control. All these signals become integrated into a complex sys-

tem in different, interconnected hypothalamic centers. The arcuate nucleus is a

very important centre in the floor of the third ventricle occupying almost half

of the length of the hypothalamus and belonging to the blood brain barrier.

Feedback signals are integrated and distributed to other hypothalamic centers,

such as the paraventricular nuclei, ventromedial hypothalamic and dorsomedial

hypothalamic nuclei, and the lateral hypothalamic area as well. Central neuro-

transmitters, such as neuropeptide Y, agouti-gene related peptide, the pro-opio-

melanocortin system and the orexins mediate these signals between the

different hypothalamic centers. These mechanisms are influenced by the glu-

cose concentration, which is continuously measured by glucose-sensing neu-

rons in the hypothalamus.

The complexity of this regulation system demonstrates the importance of

a balance in genetic, social, behavioral and environmental factors that all con-

tribute to influencing the control of food intake.
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Regulation of Body Weight
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Is Body Weight Regulated?

The prevalence of obesity and obesity-related disorders increases at an

alarming rate, in particular in children and adolescents. As a result, obesity

may soon overtake smoking as the single most important cause of death in

industrialized countries. Although these frightening developments appear to

suggest otherwise, body weight in adult individuals in many respects appears

to be actively and accurately regulated. This is shown, for example, by

calculations indicating that an error in the control system of less than 1%

could lead to much larger rates of body weight gain than we are actually

experiencing.

In line with this efficient weight maintenance, experimental manipulations

of body weight in adult individuals are readily compensated for by changes in

energy intake and energy expenditure [1–4], suggesting that both sides of the

energy balance equation are involved in this control. Recent evidence in fact

indicates that similar anabolic and catabolic neuropeptidergic pathways either

produce hunger and decrease energy expenditure at times when endogenous

fuels are in short supply, or inhibit feeding and increase energy expenditure in

conditions of a surplus of endogenous energy. With all other things being equal,

body weight changes in adult individuals are mainly due to fluctuations in body

fat, which is therefore the most plausible variable to be regulated. This concept

of ‘lipostasis’ was proposed by Kennedy [5] about 50 years ago. At the core of

this concept is the assumption that a circulating factor whose plasma level

reflects the size of the fat stores controls food intake and energy expenditure to

keep body fat and, hence, body weight stable [5]. The results of numerous

cross-perfusion and parabiosis studies confirm this concept of a humoral signal

[1, 6, 7].



Langhans/Geary 22

Leptin as a Lipostatic Signal

The discovery of the adipose tissue hormone leptin [8] and its receptor [9]

has triggered a tremendous increase in our understanding of the molecular and

physiologic pathways of body weight control. Leptin fulfills most of the theo-

retical predictions for a lipostatic signal phrased by Kennedy [5] (fig. 1). It is

expressed in adipose tissue, secreted into the blood in relation to body adiposity

[10, 11], binds to receptors in several sites [12–14], and is lowered by fasting or

weight loss [11]. Leptin also acts directly on the brain to inhibit eating and to

stimulate energy expenditure in genetically obese and normal rodents [15–17],

although the physiological status of this remains controversial [18]. The role of

leptin in the control of energy balance may be more dynamic than proposed by

the original lipostatic hypothesis. Thus, under- or overeating can cause unex-

pectedly large changes in plasma leptin within 1 or 2 days, i.e. well before any
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Fig. 1. Leptin and insulin activate catabolic and inhibit anabolic hypothalamic

neuropeptide systems that control energy intake and metabolism. The level of adiposity

and/or the balance between inflow and outflow of energy in adipocytes determines the

release of leptin from adipocytes. Adiposity influences insulin release from the pancreas.

Both hormones act in the hypothalamus to produce compensatory ingestive and metabolic

responses. See text for further details.
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significant weight gain or loss occurs [19, 20]. These findings suggest that the

daily flux of energy substrates in and out of the adipocyte may partially control

leptin synthesis and release. In addition to acting as a long-term lipostatic sig-

nal, leptin may therefore correct day(s)-to-day(s) changes in energy intake and

fine-tune it with energy expenditure at normal body weight.

Laboratory animal models of obesity with monogenetic defects in the lep-

tin system, such as the ob/ob mouse and the db/db mouse, provided the basis for

the discovery of leptin and have contributed substantially to our understanding

of the role of leptin in body weight control. It is clear, however, that, with a few

notable exceptions [21, 22], human obesity is not due to single gene mutations.

The genetic contribution to the current obesity epidemic merely reflects the fact

that evolution has not prepared us for our current environment, with its lack of

physical activity and constant abundance of attractive, energy dense food.

In addition to its role in control of energy balance, leptin has been shown to

link body weight control to reproductive [23, 24] and immune functions [25] as

well as metabolism [26–28]. Leptin has pronounced metabolic effects in the

periphery that are not centrally mediated and that appear to contribute to its role

in control of body weight [26]. Thus, leptin was recently found to specifically

repress RNA levels and enzymatic activity of hepatic stearoyl-CoA desaturase-1

(SCD-1), which catalyzes the biosynthesis of monounsaturated fatty acids [26].

This is interesting because mice genetically deficient in SCD-1 are hypermeta-

bolic and lean. Even ob/ob mice with mutations in SCD-1 were less obese than

ob/ob control mice and had markedly increased energy expenditure [26].

Together, these findings suggest that downregulation of SCD-1 contributes to

leptin’s effect on body weight.

Central Neuropeptide Pathways of Leptin Action

The central processing of the leptin signal is based on changes in the bal-

ance of a number of anabolic (e.g. Agouti-related peptide (AgrP), neuropeptide Y

(NPY)) and catabolic (e.g. �-melanocyte-stimulating hormone (�-MSH) and

cocaine- and amphetamine-regulated transcript (CART)) neuropeptides (fig. 2).

The balance among these neuropeptides determines the behavioral and auto-

nomic output that controls eating behavior and metabolism. Leptin controls the

expression of these neuropeptides through the long (active) form of the leptin

receptor [29–31]. Specific transgenic deletion of the long form of the leptin

receptor in the brain leads to obesity [32], indicating that the central effects are

an essential component of leptin’s effect on body weight.

A group of hypothalamic neurons originating in the arcuate nucleus (ARC)

and projecting to the paraventricular nucleus (PVN) and the lateral hypothalamic
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area (LHA) express NPY and AgrP [33] (fig. 2). NPY has long been known to

potently stimulate hunger and reduce energy expenditure when administered into

the cerebral ventricles. The peptide AgrP is an endogenous antagonist of

melanocortin receptors. A genetic lack of AgrP in mice is accompanied by yel-

low fur due to the unopposed activation of peripheral melanocortin-1 (MC-1)

receptors. Central administration of AgrP in rats induces a longer lasting stimu-

latory effect on food intake than NPY, which is presumably due to a blockade of

central MC-3 and MC-4 receptors [31]. The NPY and AgrP neurons in the ARC

possess leptin receptors, and part of the inhibitory effect of leptin on food intake

and of its hypermetabolic effect appears to be due to an inhibition of these NPY-

and AgrP neurons [31]. Consequently, deletion of the leptin receptor in the brain

is accompanied by increased hypothalamic levels of NPY and AgrP [32].

Leptin activates another group of ARC neurons that also expresses two

peptides, namely CART and pro-opiomelanocortin (POMC), and/or the POMC-

derived �-melanocyte-stimulating hormone (�MSH) [34] (fig. 2). These neurons
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Fig. 2. Activation and inhibition of intrahypothalamic catabolic and anabolic neuro-

peptide systems by leptin and insulin. See text for further details. AgrP � Agouti-related

peptide, ARC � arcuate nucleus; CART � cocaine- and amphetamine-regulated transcript;

LHA � lateral hypothalamic area; �MSH � �-melanocyte-stimulating hormone; NPY �

neuropeptide Y; PFA � perifornical area; PVN � paraventricular nucleus.
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also project to the PVN and the LHA, and their activation profoundly inhibits

eating. The inhibitory effect of POMC/�MSH is mediated by MC-3 and MC-4

receptors on the target cells. The massive obesity observed in humans with

genetic defects in the synthesis or action of POMC and its derivatives demon-

strates the importance of the POMC-system for the maintenance of energy

balance [e.g. 22]. CART was originally identified as a peptide whose transcrip-

tion is stimulated by cocaine and amphetamine. Yet, CART has also a potent

inhibitory effect on food intake, which appears to be recruited by leptin. CART

mRNA and peptide are found in several hypothalamic sites [29], and leptin

induces c-Fos and CART expression in many of these neurons [35]. ICV CART

application reduces, and application of CART antibodies stimulates, food

intake in laboratory animals [35]. CART cell bodies and fibers were also found

in the human hypothalamus [29], suggesting that CART may also play a role in

the control of energy homeostasis in humans.

Downstream of the NPY/AgrP and POMC/CART neurons are presumably

several other anabolic and catabolic neurochemicals [29–31], such as melanin

concentrating hormone (MCH, anabolic) [36], endogenous opioids [37] (mainly

anabolic), the corticotrophin-releasing factor (CRF, catabolic), and others. MCH

is a cyclic 19 amino acid peptide, and its role in the control of food intake has

been revealed only recently [38]. Through these neuropeptidergic pathways lep-

tin also activates the sympathetic preganglionic neurons in the thoracic spinal

cord. Recent studies in mice with genetic deletions of the three subtypes of

adrenergic �-receptor indicate that a regulated increase in energy expenditure

mediated by sympathetic nerves has in fact the capacity to affect body weight

and fat stores, at least in rodents. The ‘beta-less’ mice were hypometabolic and

slightly obese on a normal chow diet and developed severe obesity in the

absence of hyperphagia when fed a high fat diet [39]. This shows that ‘beta-less’

mice are unable to increase energy expenditure in response to a calorically dense

diet and that adrenergic activation-dependent energy expenditure contributes to

the maintenance of body weight. It is unclear whether increased energy expen-

diture in wild-type mice is limited to brown adipose tissue or includes other sites

such as muscle.

The latest concept [40] of the control of energy homeostasis by the hypo-

thalamic neuropeptides mentioned above is that, in the basal state, catabolic

neuropeptide systems are moderately activated by physiologic concentrations of

leptin and insulin (see below), and that this activation is essential to prevent

excessive weight gain. In contrast, anabolic pathways are inhibited by these

same basal concentrations of insulin and leptin [40]. The response to weight loss

includes both activation of anabolic and inhibition of catabolic pathways (fig. 2)

and is, thus, more effective than the response to weight gain (stimulation

of already-activated catabolic pathways and inhibition of already suppressed
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anabolic pathways) [40]. This concept might explain the comparatively weak

effect of exogenous leptin on food intake in normal weight individuals.

For several years attention focused primarily on the neuropeptide mediators

of leptin’s effects, but recent findings suggest an additional mediator role of

monoamines, in particular serotonin (5-HT), in this context. Serotonergic activa-

tion affects hypothalamic neuropeptide systems mediating the effects of leptin.

A combination of functional neuroanatomy, feeding, and electrophysiology stud-

ies in rodents revealed that the feeding suppressive effects of d-fenfluramine

requires activation of CNS melanocortin pathways. More specifically, it was

shown that anorectic 5-HT drugs activate POMC neurons in the ARC through

5-HT2C receptors. Furthermore, the 5-HT drug-induced hypophagia was atten-

uated by pharmacologic or genetic blockade of downstream melanocortin 3 and

4 receptors [41, 42]. Consistent with a role of 5-HT and the 5-HT2C receptor in

the feeding-inhibitory effect of leptin, we recently found that administration of

a 5-HT2C receptor antagonist suppressed the effect of ICV leptin in the rat [43].

Concerning the site of leptin action in the central nervous system, the orig-

inal idea was that leptin would mainly, if not exclusively, act through the ARC,

where receptor density is high on neurons that express the neuropeptides acting as

downstream mediators of leptin. While the Arc is still considered a major site of

leptin action, recent evidence indicates that also the caudal brain stem (CBS)

plays an important role in the effect of leptin [44]. Thus, in situ hybridization

and immunocytochemical analysis with an antibody specific to the long form

of the leptin receptor revealed that this receptor is present in several rat CBS

nuclei involved in the control of food intake. The CBS leptin receptors appear

to be functionally relevant because in another experiment of the same study

[44] fourth ICV injections of leptin reduced food intake and body weight, with

both effects being indistinguishable from the effects of leptin infused into the

lateral ventricle. Moreover, a ventricle-subthreshold dose of leptin microinjected

unilaterally into the dorsal vagal complex suppressed food intake. Together,

these results indicate that the CBS contains neurons that are direct targets for

the action of leptin in the control of energy homeostasis [44].

Other Lipostatic Signals

Leptin is certainly not the only lipostatic signal. Several other hormones,

such as insulin [45] and, perhaps, amylin [46] as well as some cytokines [47, 48]

might have a similar function.

Amylin is a 37-amino acid peptide hormone that is co-secreted with insulin

by pancreatic beta-cells in response to eating. Amylin potently reduces food

intake, body weight, and adiposity when delivered into the cerebral ventricle of
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rats [46]. More importantly, ICV infusion of the specific amylin antagonist

AC187 not only blocked the feeding-suppressive effect of exogenous amylin

administered into the third ventricle, but chronic ICV infusion of AC187 over

14 days via implantable osmotic pumps also increased food intake throughout

the test and increased body fat by about 30% [46]. In addition, adipose tissue-

derived cytokines such as interleukin-6 (IL-6) and interleukin-1 receptor antag-

onist (IL-1Ra) may have a lipostatic function (fig. 3). IL-6 is expressed in

adipose tissue in relation to adiposity. Genetically IL-6-deficient mice develop

late-onset obesity that can be prevented by low-dose infusion of IL-6 into the

brain [48]. Yet, it is currently unclear to what extent adipose tissue-derived IL-6

exerts an inhibitory effect on body fat. Also, it is unclear what exactly triggers

cytokine production within adipose tissue. Interestingly, adipose tissue is quan-

titatively the most important source of the anti-inflammatory cytokine IL-1Ra
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[47], and serum levels of IL-1Ra are markedly increased in obesity [49]. The

obesity-related increase in IL-1Ra might contribute to central leptin resistance

in obese patients similar to the inhibition of central nervous system leptin sig-

naling by IL-1Ra in rodents [50].

Insulin has been implicated in the control of body weight for 30 years

[45, 51], and it is now clear that insulin in many respects resembles leptin (fig. 1).

Plasma and cerebrospinal insulin levels are proportional to adiposity, central

administration of insulin reduces food intake and body weight [45, 51], and

mice with a genetic deletion of neuronal insulin receptors are hyperphagic and

obese [52]. Although these disturbances are less pronounced than when the lep-

tin receptor is missing, these findings indicate that insulin receptor signaling in

the CNS also plays an important role in the control of body weight and fuel

metabolism. The effect of insulin on energy homeostasis could be reproduced

by ICV administration of an insulin mimetic, which dose-dependently reduced

food intake and body weight in rats and altered the expression of many of the

same hypothalamic genes affected by leptin. Antagonism of MC-3 and MC-4

receptors reduced the effect of insulin similarly to its effect on leptin [53]. Oral

administration of an insulin mimetic in a mouse model of high-fat diet-induced

obesity reduced body weight gain, adiposity and insulin resistance [54]. Most

evidence suggests that insulin, similar to leptin, is taken up into the brain and

reaches its target neurons primarily by a receptor-mediated transport process

[55]. Furthermore, insulin acts through the same hypothalamic neuropeptide

systems as leptin [53], including the melanocortin system [53]. The long-term

effects of insulin and leptin on food intake and body weight after ICV admin-

istration appear to be additive [56].

Finally, the recently discovered hormone ghrelin might act as a peripheral

anabolic signal in the control of body weight. Ghrelin is primarily produced by

endocrine cells in the stomach and is mainly known as a signal for hunger and

meal initiation [57, 58]. Yet, basal plasma ghrelin levels are also increased by

weight loss and decreased in obese humans [59, 60], consistent with a role of

ghrelin in the lipostatic control of body weight. Ghrelin appears to act in the

hypothalamus (ARC and PVN) to stimulate eating [57, 61], but it is currently

unclear whether this is an endocrine effect of ghrelin produced in the stomach

or a local effect of ghrelin released by neurons.

Intracellular Signaling Pathways of Leptin and Insulin

Two specific leptin-activated intracellular signals (phosphatidylinositol

3-kinase (PI3K)) [62, 63] and signal transducer and activator of transcription-3

(STAT3) [64, 65] have been identified. Interestingly, the activation of the
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STAT3 pathway proved to be crucial for the control of eating but dispensable

for the control of reproductive and growth axes [65]. The long form of the leptin

receptor mediates activation of the transcription factor STAT3 during leptin

action [66–68]. Thus, mice with a specific genetic disruption of the STAT3 sig-

naling pathway (s/s mice) are still hyperphagic and obese, but fertile, long and

less hyperglycemic than db/db mice, which are infertile, short and diabetic.

Furthermore, hypothalamic expression of NPY is elevated in db/db but not

in s/s mice, whereas the hypothalamic melanocortin system is suppressed in

both db/db and s/s mice. Leptin-induced STAT3 signaling thus mediates the

effects of leptin on melanocortin production and body energy homeostasis,

whereas distinct postreceptor signals appear to regulate NPY and the control of

fertility, growth and glucose homeostasis.

As might be predicted from the above, the overlap of leptin and insulin

actions on hypothalamic neurons extends to the intracellular signaling path-

ways [63]. Leptin and insulin signaling converges upon the insulin-receptor-

substrate (IRS) PI3K pathway [62, 63, 69]. The involvement of the PI3K

pathway in the feeding-suppressive effect of insulin was shown by the demon-

stration that ICV infusion of either of two PI3K inhibitors at doses that had no

independent feeding effects prevented insulin from decreasing feeding [69].

Together with the fact that PI-3,4,5-triphosphate, the main product of PI3K

activity, occurs preferentially in ARC cells that contain IRS-2, these findings

support the hypothesis that the PI3K pathway is also a mediator of insulin

action in the ARC and provide a plausible mechanism for neuronal cross-talk

between insulin and leptin signaling.

Resistance to Leptin and Insulin

Resistance to leptin may be a major contributor to the development of obesity

in humans and many rodent models [70]. Two general molecular mechanisms

for leptin resistance have been identified [71]. The first may involve a defect in

leptin transport across the blood brain barrier (BBB) [70, 71]. The greater

potency of ICV (as opposed to peripheral) leptin to reduce food intake in mice

[15] argues for a transport defect involved in resistance. The short isoforms of

the leptin receptor lacking the sequences required for STAT activation are sup-

posed to contribute to leptin transport into the CNS [72]. The impaired transport

of leptin across the BBB in mice is not due to an inherently inadequate Vmax of

leptin transport; rather, the impaired leptin transport appears to develop

together with obesity and appears to be reversible even with a modest weight

reduction [73]. It is unresolved, however, whether leptin’s actions in various

regions of the hypothalamus or extra-hypothalamic brain requires transport
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across the BBB. If some important leptin target neurons reside outside the BBB,

a defective leptin transport mechanism should not be important.

Reduced intracellular signaling may also contribute to leptin – and insulin –

resistance [74]. As leptin resistance in hypothalamic neurons may occur

despite an intact JAK2-STAT3 signaling pathway, a defective regulation of the

PI3K pathway may as well be involved in central leptin resistance seen in obe-

sity [74]. As mentioned above, the long isoform of the leptin receptor activates

JAK/STAT signaling [66–68]. In normal mice exposed to high fat diets that

promote obesity, the ability of leptin to activate STAT3 in hypothalamus is

diminished [75], suggesting that impaired post-receptor signaling mechanisms

contribute to leptin resistance. Also, some results indicate that SOCS3, an

endogenous antagonist of leptin signaling, is rapidly induced in key hypo-

thalamic areas by leptin [76] and contributes to leptin resistance in models of

obesity.

Further Adipose Tissue-Derived Substances 

and Insulin Resistance

In addition to the long lipostatic feedback loop described above that controls

body weight through centrally mediated modulations of energy intake and

expenditure, emerging evidence suggests the existence of a local, short feedback

loop that limits the size of adipocytes. Several adipose tissue-derived substances

may be involved in this regulation (fig. 3).

Among the first substances to be implicated in the maintenance of body

weight and metabolic efficiency were lipoprotein lipase (LPL) and tumor

necrosis factor-� (TNF�). Human fat cells rely on LPL-mediated plasma

triglyceride hydrolysis to store fat, and adipose tissue LPL is elevated in obe-

sity. Muscle and adipose tissue LPL are regulated inversely, and increased

adipose tissue/muscle LPL ratio partitions dietary lipid into adipose tissue.

Individual differences in this ratio may explain some of the variability in weight

gain when humans are exposed to excess calories [77]. Adipose tissue TNF�

expression is increased in obese subjects, and TNF� may limit an increase in

adipocyte size by inhibiting LPL and increasing insulin resistance [77]. A p55

TNF� receptor-mediated phosphorylation of serine residues on the insulin

receptor substrate-1 appears to be an important mechanism for the effect of

TNF� on insulin resistance [78, 79].

A more recently identified adipocyte-derived protein implicated in control of

body weight is adiponectin. Circulating adiponectin is reduced in obesity, and this

reduction is related to insulin resistance [80]. In turn, replacement of deficient

adiponectin has several beneficial effects and increases insulin sensitivity [81, 82].
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Adiponectin appears to act in part via a short-loop mechanism by activating the

enzyme AMP kinase in adipocytes [83]. Resistin, another protein secreted by

adipocytes, has also been implicated in obesity and insulin resistance [84].

Recombinant resistin has been shown to induce hepatic insulin resistance, but

its exact cellular mechanism of action remains unknown [85].

The adipocyte protein perilipin, which coats adipocyte lipid droplets, was

postulated to modulate hormone sensitive lipase activity and, hence, hydrolysis

of stored triglycerides (TGs) [86, 87]. Mice with a genetic deletion of perilipin

have normal body weight, but are leaner than controls. They display hyper- or

normophygia, have increased lipolysis, and resist high-fat diet-induced obesity

[86, 87]. Moreover, genetic deletion of perilipin reverses the obesity of leptin

receptor deficient db/db mice by enhancing metabolism [86]. These findings

suggest a role for perilipin in controlling lipolysis and energy balance.

Insulin sensitivity of adipose tissue and, hence, body fat and body weight

are also influenced by peroxisome proliferator-activated receptors (PPARs).

Mice heterozygous for deletion of the PPAR-� [88, 89] are resistant to the

development of obesity and have increased insulin sensitivity. On the other

hand, marked activation of PPAR-� by antidiabetic thiazoladinedione drugs

also improves insulin sensitivity. This apparent discrepancy may be due to the

fact that supraphysiological activation of PPAR-� markedly increases TG con-

tent of adipose tissue, thereby decreasing TG content of liver and muscle, lead-

ing to amelioration of insulin resistance at the expense of obesity. A moderate

reduction of PPAR-� activity by heterozygous PPAR-� deficiency decreases

TG content of adipose tissue, skeletal muscle, and liver, thereby ameliorating

high-fat diet-induced obesity and insulin resistance. Thus, although by different

mechanisms, both heterozygous PPAR-� deficiency and PPAR-� agonists

improve insulin resistance [90].

Many of the factors mentioned above act on body fat by influencing

insulin sensitivity of adipocytes. Insulin signaling in adipocytes is necessary

for the control of adipocyte size and, hence, body weight [91]. Insulin sensi-

tivity and metabolism in adipocytes appear to be under the control of the

winged helix/forkhead transcription factor gene FOXC2 and its counterpart,

the FOXO1 gene, encoding the forkhead box transcription factor O1 [92, 93].

Transgenic overexpression of FOXC2 in adipocytes leads to a lean and

insulin-sensitive phenotype. Increased FOXC2 levels, induced by high fat diet,

seem to counteract most of the symptoms associated with obesity, including

hypertriglyceridemia and diet-induced insulin resistance. In turn, genetic defi-

ciency of the FOXO1 gene also restores insulin sensitivity by increasing

adipocyte expression of insulin-sensitizing genes. These data indicate that

FOXC2 and FOXO1 are positive and negative regulators of insulin sensitivity

in adipocytes.
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From Long-Term Energy Balance to Single Meals

The meal to meal control of food intake is covered in another chapter of

this book [see chapter  by Gutzwiller and Beglinger, this vol., pp 1–20]. For the

purpose of this chapter it therefore suffices to say that the long-term control of

body weight and the short-term control of the onset and the termination of

meals are closely linked. Any long-term signal which controls body weight in

part by modulating food intake must ultimately modulate the frequency and/or

the size of single meals. Leptin has been shown to reduce food intake by pri-

marily affecting meal size, i.e. by enhancing the mechanisms of meal termina-

tion [94]. These findings complement what is known about pathologies of the

endogenous leptin or leptin signaling system. That is, the hyperphagia of both

ob/ob obese mice and the fa/fa obese rat are due to dramatic increases in meal

size, with meal frequency unaffected of even reduced [95, 96]. Leptin has been

shown to enhance the satiating effect of cholecystokinin (CCK) [97, 98] (fig. 4).

CCK is released from the small intestine during a meal, and it reduces meal size

CCK

CCK-A 

receptors

Vagal afferents

transmitting the

CCK satiety 

signal LeptinInsulin

Adipose 

tissue

Pancreas

�

Nutrient flux affects 
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�

Adiposity affects  insulin
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�

Fig. 4. Leptin and insulin act in the central nervous system (CNS) to enhance signals

for meal termination produced in the gastrointestinal tract during ingestion, such as chole-

cystokinin (CCK). See text for further details.
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through CCK-A receptor-mediated activation of vagal afferents which terminate

in the nucleus of the solitary tract. Leptin may enhance the CCK-derived signal

through descending projections from the hypothalamic PVN to these NTS neu-

rons. In line with this concept, intraperitoneal CCK and ICV leptin administra-

tion jointly induce c-Fos expression in the PVN and the caudal brainstem, in

particular in the medial nucleus of the solitary tract [99]. Interestingly, although

ICV insulin also enhances the satiating potency of peripheral CCK [100], the

effects of chronic insulin and leptin administration on meal patterns are slightly

different. Continuous ICV infusion of 2mU insulin/day reduced daily food

intake and nocturnal meal size by amounts similar to those described for leptin,

but, in contrast to the effects of chronic leptin, insulin also reduced nocturnal

meal frequency [101]. Thus, it remains unclear whether the feeding effects of

chronic insulin and leptin are mediated by the same mechanisms. Like the

hypophagia in response to leptin and insulin, the compensatory hypophagia in

response to an experimentally induced increase in body weight is mainly due to

a reduction of nocturnal meal size [102]. All these findings support the hypoth-

esis that body fat influences feeding mainly through changes in meal size.

In contrast, several metabolic manipulations affect food intake by changing

meal frequency rather than meal size [see 102a].

Of Women and Men

Given the marked sex differences in the incidence of obesity [103] and in

the control of eating [104], it appears strange that most of the studies address-

ing the control of food intake and energy balance have been performed in male

individuals, with the tacit assumption that the results should also be applicable

to females. Only recently have researchers begun to address some of the per-

tinent questions also in females – with some surprising results. As far as

lipostasis and body weight control are concerned, the following results deserve

attention: Given the putative function of leptin as a lipostatic signal, it is inter-

esting to note that women have substantially higher leptin levels than men of

similar age at any level of adiposity [105]. This holds even for postmenopausal

women, whose plasma leptin levels may be slightly higher than those in

younger women [106]. Multiple regression analysis showed that adiposity and

sex explain 42 and 28% of the variance of plasma leptin, respectively.

Interestingly, brains of female and male rats are differentially sensitive to the

feeding-inhibitory actions of small doses of these two hormones [107]. When

leptin or saline was administered into the third cerebral ventricle of age- and

weight-matched male and female rats, leptin significantly reduced food intake

in female and male rats over 4 h, but it reduced 24-hour intake only in female
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rats. In contrast, insulin, administered into the cerebral ventricles, reliably

reduced food intake in male rats, but not in female rats [107]. No such sex

difference was observed in the sensitivity to a melanocortin agonist, however,

suggesting that the sex differences in leptin and insulin sensitivities occur

upstream of the melanocortin receptors. Because insulin and leptin reflect dif-

ferent fat beds, which are differentially distributed in males and females, the

implication is that males and females regulate adiposity-relevant parameters

differently.

As leptin primarily affects meal size and enhances the potency of the

gastrointestinal satiety peptide CCK (see above) it is interesting to note that: (1)

food intake and meal size in estrus are reduced in female rats [108]; (2) cyclic

estradiol replacement reestablishes the satiety effect of CCK and the feeding-

stimulatory effect of the CCK antagonist devazepide in ovariectomized rats

[109], and (3) the feeding suppressive effect of endogenous CCK is more pro-

nounced during estrus [110].

Together, these results raise the possibility that an estradiol-induced

enhancement of CCK’s satiety effect is an integral part of leptin’s stronger sup-

pressive effect on food intake in female individuals compared to male individ-

uals. This hypothesis awaits experimental verification. Of course, differences in

other neuropeptides, such as the MCH system, or other neurochemical mecha-

nisms may contribute to the sex differences in the lipostatic control of food

intake and body weight as well [111, 112].

Concluding Remarks

Several lines of reasoning suggest that nature tries to optimize the amount

of body fat and, hence, the body weight of individuals. This theoretical predic-

tion is confirmed by the results of numerous studies in which experimental

manipulations of body weight are readily compensated by changes in energy

intake and expenditure. Our understanding of the molecular pathways and phys-

iologic systems of these weight maintenance mechanisms has increased

tremendously over the last 10 years. A new peripheral adiposity signal (leptin)

has been identified and central nervous system circuitries which control food

intake and energy expenditure have been characterized. Several of these path-

ways are potential targets for drug development and may provide avenues for

the pharmacological treatment of obesity. Unfortunately, however, this gain in

knowledge has so far failed to prevent the steady increase in the prevalence of

obesity, with all its negative consequences for human health. Thus, the present

intense and exciting efforts to find pharmacologic approaches for the treatment

of obesity should also be linked to the analysis and control of environmental
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factors that provide the basis for the current obesity epidemic, i.e. the common

lack of physical activity and the wide use of foods that tend to override physi-

ological control systems by virtue of their high palatability and high caloric

density.
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Overweight and obesity are clearly defined classifications (table 1) [5, 8,
18, 27, 30]. These two conditions are dramatically increasing in countries hav-
ing an abundance of high calorie food products and low tendency to exercise.
According to the World Health Organization, being overweight for a longer
period of time and exceeding certain threshold values leads to disease [30].
Numerous diseases arise from being overweight and obese, and these lead to
infirmities, limit the quality of life and lower life expectancy [11, 19, 20]. With
android fat distribution, obesity is associated with a high risk for many diseases
[7b], while gynoid fat distribution, as frequently seen in women, has a clearly
lower risk of associated disease [5, 8, 18, 27, 30].

Overweight and Obesity Classification

The body mass index is the most widely used measure for classifying the
various degrees of being overweight, and is calculated by dividing the weight in
kg by the height in m2.

The World Health Organization (WHO), the National Institute of Health
(NIH) and the German Obesity Society (Deutsche Adipositas-Gesellschaft –
DAG) recommend using an age- and gender-independent body mass index [8,
18, 30]. The waist-to-hip ratio, another good parameter for differentiating
between android or gynoid fat distribution, is also used in risk assessment.
When the waist circumference is �88 cm in women or �102 cm in men,
abdominal obesity is present. When the body mass index is �25, the waist cir-
cumference should always be measured [18].

Obesity
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When bioelectric impedance analysis is used to measure the body fat mass,
the results contain a non-calculable margin of error. With this technique, one
actually measures electric conductivity rather than body fat. Calculating the
body fat mass using magnetic resonance imaging (MRI) is very expensive and
rather complex. Better results are reported with the DEXA method (dual-
energy X-ray absorptiometry), and precise results are also returned by a calcu-
lation that involves determining the density using the measurement of body
water (densitometry) [29].

Among children and adolescents, both age- and gender-specific changes
of the BMI must be considered. For overweight and obesity determinations in
this population, it is better to follow the gender-specific age percentiles for
the BMI.

According to the guidelines of the German AGA study group (AGA:
Arbeitsgemeinschaft Adipositas im Kindes- und Jugendalter � Working
Group, Obesity in Childhood and Adolescence), there are no defined values for
the health hazard posed by body fat mass for youths. In contrast to adults, the
incidence of obesity-related diseases is low in children and adolescents, and
there is also a lack of sufficient longitudinal studies investigating the health
risk of obesity among the young. The AGA recommends using the body mass
index for evaluating overweight states and obesity in childhood and adoles-
cence, just as they do in adulthood. The percentiles presented here are to be
used as reference values for German children. The determination of overweight
or obesity should follow using the 90th and 97th, age- and gender-specific
percentiles from these reference data (fig. 1). The Expert Committee convened
by the International Obesity Task Force (IOTF) recommends using BMI
percentiles for defining children or adolescents as being overweight or obese.
At the age of 18 years, these BMI percentiles for overweight or obesity equal
25 and 30 kg/m2, respectively, and thus correspond to the risk-related values for
adults [1, 30].

In accordance with the established procedures for classifying biological
parameters in children and adolescents, the statistical distribution of reference
values is also used for the BMI, and exceeding the 90th percentile (one standard

BMI, kg/m2

Normal weight 20–25
Overweight 25–30
Obesity I 30–35
Obesity II 35–40
Obesity III �40

Table 1. Classification of obesity
based on BMI (WHO and DAG)
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deviation) or the 97th percentile (two standard deviations) is described as con-
spicuous, respectively, very conspicuous. Following the guidelines from the
European Childhood Obesity Group (ECOG), the AGA recommends using the
90th and 97th age- and gender-specific percentiles from the reference data pre-
sented above as limits for defining being overweight or obese. When the new
references for German children and adolescents are used, this purely statistical
threshold determination enables an almost continuous transition to the above-
cited values for adults.
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Fig. 1. Body mass index percentiles of boys (a) and girls (b) between 0 and 18 years
of age [1] (90th to 97th percentile).
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Epidemiology of Obesity in Children and Adolescents

When using the age- and gender-specific 90th and 97th percentiles of the
normal distribution, some 10–20% of schoolchildren and adolescents in Europe
and the USA are overweight or obese [1, 30] (fig. 4).

In the new German states (formerly East Germany), one sees that the fre-
quency of obesity correlates with the social status. Among girls from a lower
social status, 16.1% were obese while among those from a higher social status,
this figure was 10.4%. These results are also seen in men and women. Figure 2
shows that obesity and being overweight negatively correlate with social status.

In the USA, the National Health and Nutrition Examination Survey
(NHANES III) found 15.5% of 12- to 19-year-olds were overweight; 15.3% of
6- to 11-year-olds, and 10.4% of 2- to 5-year-olds. Comparative data from the
years 1976 to 1980 were 10.5, 11.3 and 7.2%, respectively, indicating an
approximate 50% increase in about 20 years [13, 23].

More recent data from NHANES 1999–2002 [13] show a clear disparity
in the frequency of being overweight and obese among the various ethnic
groups. For example, the frequency of being overweight was significantly
higher in Mexican-American boys than in non-Hispanic white and black boys.
In adults, this difference was not detectable. The frequency of being over-
weight for girls who entered the study at 6 years of age, as well as the preva-
lence of obesity for women of all age groups, was significantly higher for
non-Hispanic blacks than for non-Hispanic whites. Even Mexican-American
girls had no significantly lower prevalence of being overweight than non-
Hispanic black girls (fig. 3a, b) [23]. Nevertheless, the frequency of obesity
among Mexican-American women was significantly lower than in non-
Hispanic black women.

In the years 1989–1998 in England, Bundred et al. [6] prospectively exam-
ined 64,000 babies in the 4th–12th week and young children between 2.9 and
4 years of age. They found a significant increase in the frequency of overweight
children. In these 10 years, the frequency of overweight young children rose
from 14.7 to 23.6%, and the frequency of obesity increased from 5.4% on
9.2%. Among babies, there was a trend toward weight gain.

The primary causes for being overweight and obese are the nearly unlim-
ited access to food throughout the entire world, the drastic reduction in physi-
cal activity, as well as the fulfillment of the genetic response that the body store
up fat reserves during times of abundance for ‘leaner’ periods later on. The
easy availability of food (fast food) presents an additional significant factor.
A decline in physical activity has been shown for adolescents and adults.
Likewise, women are less active than men, and more black women than white
women indicate a lower level of physical activity [30].
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Epidemiology of Obesity in Adults

In the Federal Republic of Germany, normal weight is seen in only about
one-third of the male population; among women, in less than half. Accordingly,
more than half the population is overweight, approximately 20% are obese [12].

When age groups are considered, in both men and women, being over-
weight or obese rises with increasing age (fig. 5). In former West Germany
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Fig. 2. Frequency of obesity among 18- to 79-year-old men and women, classified
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Wechsler/Leopold/Bischoff 46

between 1991 and 1998, the prevalence of obesity among men 25 to 69 years
of age rose from 17.4 to 19.4% and from 20.6 to 21.8% in former East
Germany. Among women, the frequency of obesity in former West Germany
rose from 19.6 to 20.9%, while in former East Germany, it actually fell from
25.8 to 24.2%. Figure 6 shows that overweight and obesity is more frequent in
former East Germany.

In Europe, obesity is found, on average, between 10 and 20% of men, and
10 and 25% of women. In England between 1980 and 1995, the frequency of
obesity rose from 6 to 15% in men, and from 8 to 16% in women. The lowest
increase is reported by the Netherlands where, in 1987, 6% of the men and 8%
of the women were obese; in 1995, it was 8% of both men and women. There is
as yet no explanation for the phenomenon that, in the Netherlands and Sweden,
the frequency of obesity clearly lies lower than in other European countries [30].
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The trends noted in the Germany are seen even more blatantly in the USA
where, in 1960, 30.5% of the population was overweight; today, it is more than
60% (table 2, fig. 9) [21]. Among a selection representative of the US popu-
lation in the years 1960 to 2000, the National Health and Nutrition
Examination Survey (NHANES I to III) showed a significant increase in the
rate of overweight and obese. The percentage of those suffering from obesity,
i.e. a body mass index above 30, was 13.4% in 1960, rose to 14.5% in 1973,
to 15% in 1980, to 23% in 1994, and at the last investigation in the year 2000,
to almost 31%. This tendency could be observed in both men and women and
was even more prevalent among younger age groups. Grade III obesity (mor-
bid obesity) with a BMI above 40 climbed significantly from 2.9 to 4.7% [10,
30]. The rising frequency in obesity leads to increasing morbidity and mortal-
ity. Thus in the USA, approximately 280,000 annual deaths are attributable to
obesity [2].

An overview of the frequency of obesity can best be obtained from the
WHO MONICA Study (table 2) (fig. 7, 8, 10) [30]. When worldwide preva-
lence rates are considered, a tendency toward increasing obesity is detectable
not only in western, industrialized countries but also in Africa, despite regional
food shortages. In particular, with an increase in socio-economic status and
urbanization, black African women show an extreme increase in obesity; 44%
of African women who live in South Africa are obese [30].

Besides the USA, Canada as well as increasing numbers of South American
countries, such as Brazil, are affected by a rise in the prevalence of obesity. In
Brazil between 1975 and 1989, the frequency of obesity in Brazilian men
climbed from 3 to 6%, and in women from 8 to 13%. In the USA from 1960 to
1991, obesity rates in men rose from 10 to 20% and in women, from 15 to 25%.
The tremendous increase of obesity in the United States can be seen in figure 9
[21, 22]. Likewise in the Caribbean countries of Barbados, Cuba, Jamaica and
St. Lucia, as the GNP increases, one sees a similar increase in obesity, more so
among women than men. Similar data are reported from Asia, e.g. Thailand.
Even in China, there is an unmistakable tendency toward increased body weight.

Among married women in the United Arab Emirates, the frequency of
obesity is about 40% and in married men, about 16% [30]. In Kuwait, the

USA 65
Germany 60
Russia 60–80
Italy 50
France 40
China 40

Table 2. Percentage of overweight and
obese in the population (WHO 1998)
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highest numbers are recorded with a prevalence rate of 32% in men and 44% in
women [30]. Two extreme examples can be reported from the western Pacific
region. In 1976 Japan, 0.7% of the men and 2.8% of the women were obese; in
1993, only 1.8% of the men and 2.6% of the women. In contrast to Japan,
excessively frequent cases of obesity have been reported from Samoa, particu-
larly in urban areas. Between 1978 and 1991, the frequency of obesity in men
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rose from 39 to 58%, and in women from 59 to 77%. The BMI distribution of
various adult populations worldwide is shown in figure 10 [30].

The trend showing an increase in the overweight population can be seen
throughout the world, and with it, the manifestations of being overweight and
obese. Frequency rates, such as those presented in table 2 and figures 7–9, impel
the WHO to speak of an epidemic of obesity and to classify obesity as a chronic
disease [30].
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The obese suffer not only from a heavier psychological burden, but are
also discriminated against socially. As a result, a negative correlation exists
between obesity and social status (fig. 2) [12].

Symptomatology of Being Overweight and Obese

Somatic and Psychological Consequences of Obesity in Adults

Being overweight and obese leads to numerous associated diseases
(table 3), but even without the accompanying so-called risk factors, being
overweight and obese evoke an increased risk of mortality (fig. 14, 15) [17].
However, together with associated diseases (table 3), the risk climbs exponen-
tially. Almost unconditionally, obesity leads to the complete picture of the meta-
bolic syndrome. As clearly defined by the World Health Organization [30], the
metabolic syndrome includes hypertension, dyslipidemia or hyperlipidemia,
adiposity and microalbuminuria. However, the metabolic syndrome also
includes the clinical manifestations of android obesity, i.e. disturbed glucose tol-
erance, type II diabetes, dyslipidemia, hypertension, premature arteriosclerosis,
hyperuricemia and gout; androgenism in women leads to osteoporosis and albu-
minuria, hypercoagulation, fibrinolysis defects, sleep apnea and fatty liver.

High blood pressure very frequently accompanies adiposity. There is
a positive correlation between BMI and the frequency of hypertension. High
blood pressure is an acknowledged risk factor for coronary heart disease
(CHD), premature development of arteriosclerosis and stroke [18]. The
PROCAM Study plainly shows that arterial hypertension is clearly more fre-
quent among men (48%) and women (47%) having a BMI �30 than among
men and women of normal weight (8%) [3].

The risk for heart attacks climbs with increasing weight. The relative risk
for developing CHD among those having a BMI between 25 and 29 is twice as
high as among those of normal weight. With a BMI above 29, the disease risk
is three times higher. The Framingham Study provided evidence that obesity is
associated with a higher appearance of heart attacks [14].

The Nurses Health Study involving 115,886 American nurses demon-
strated that even a slight increase in the BMI, within the normal range or into
the overweight range, dramatically increases the risk for developing diabetes
mellitus. Thus, with a body mass index above 30, the risk was about 30 times
higher than with a BMI less than 22 [19, 20]. During the course of the 16-year
follow-up, an increase in weight of 10–20 kg led to a 20% rise in the total mor-
tality, a 70% increase in cardiovascular mortality, and a 160% increase in coro-
nary heart disease mortality. An average weight increase of 10 kg over 14 years
led to a threefold increase in the diabetes incidence, while an increase in weight
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of 11–20 kg led to a fivefold increase. Android fat distribution leads to a higher
manifestation of type II diabetes than does the gynoid fat distribution [22].

The high risk of hypercholesteremia – especially of hyper-LDLemia – is
clearly defined. Normal cholesterol values are frequently seen with obesity,
though a shift in the HDL and LDL concentrations to low HDL and high LDL
can be seen [16]. The PROCAM Study presents a prospective investigation of the
frequency and the risk character of arteriosclerosis, the classical risk factor. In
the PROCAM Study, one likewise sees a clear correlation between triglycerides,
for which the risk rating is now clearly defined, and age and body mass index in
both genders. The PROCAM Study examined the risk for CHD in 19,682
employees from companies located in Westphalia, Germany [3, 16]. Figure 11
from the PROCAM Study shows the relationship between weight and cardiovas-
cular risk factors, such as hypertension, hypercholesterolemia, hypertriglyc-
eridemia, blood glucose and HDL cholesterol in 17,434 men. A significant
increase in the appearance of all risk factors is found with weight gain [3, 16].

The risk of stroke in women having a BMI more than 27 is about 75%; with
a BMI above 32, about 137% higher than with a BMI less than 21. Adipose men
with android fat distribution are at especially high risk [30]. The sleep apnea syn-
drome is seen much more frequently among the obese; indeed, more than 80% of
all patients with obstructive sleep apnea syndrome are obese. A 4-point increase
in the BMI is accompanied by a 4-fold higher risk for sleep-related breathing dis-
orders. Reduction in weight may clearly improve the sleep apnea syndrome [15].
The risk for developing hyperuricemia – as well as of its accompanying disease,
gout – rises with the degree of being overweight as the correlation between
weight and uric acid concentration is highly significant. The importance of hyper-
uricemia as a cardiac risk factor is less than the other risk factors [5, 8, 18, 30].
Being overweight or obese also leads to an increase in gallstone formation. In the

Table 3. Co-morbidities and complications of being overweight/obese (based on WHO
2000)

Diabetes mellitus, insulin resistance
Dyslipidemia, low HDL-cholesterol, hypercholesterolemia, hypertriglyceridemia
Coronary heart disease, congestive heart failure, stroke
Cancer, colon-cancer, breast-cancer, endometrial cancer, gallbladder-cancer, 
prostate-cancer, kidney-cancer
Gallstones
Sleep apnea
Osteoarthritis
Increased risk for surgical and anesthetic procedures
Quality of life is reduced, social stigmatization
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Nurses Health Study, women having a body mass index more than 30 had a 2–3
times higher risk for gallstones [19]. With obesity, the excess body weight
inevitably leads to increased joint deterioration and to arthroses in knee and hip
joints; injury to intervertebral disks is seen more frequently [30].

Increased food ingestion leads to an increased cell metabolism. Increased
mitosis rates can result in more errors in mitosis. For this reason, with exces-
sive food ingestion – obesity is always a consequence of increased food inges-
tion – the incidence of cancer also increases. In women, the risk is particularly
increased for endometrial, cervical, and ovarian cancer, as well as for post-
menopausal breast cancer; in men, intestinal and prostate cancers are especially
seen. The relative risk of dying of cancer is increased by about 55% in adipose
women and by about 33% in adipose men [7a] (fig. 12, 13).

Obesity does not present with its own clinical picture of mental disease. It
can, however, lead to distinctive psychological disturbances, such as affective
and anxiety disorders, as well as depression [4]. Depressions are found twice as
frequently among the overweight as among their normal-weight peers. Even
though mental disease problems are very frequently seen with obesity, they are,
as a rule, not the cause but rather a consequence of being overweight [24, 25].

Among white American women aged 40–64 years, a weight reduction of
10 kg led to a reduction in the total mortality of �20%, a reduction in the
diabetes-associated mortality of �30% and to a reduction in the obesity-
associated carcinoma mortality by �40% [31]. Weight reduction leads to a
significant reduction in the blood pressure, lipid levels, HbA1c and blood
glucose [31, 32].
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Being Overweight and Obese Decreases the Quality of Life

The quality of life among the obese is clearly decreased. In a prospective
study among women, Fine et al. [9] describe the influences of weight swings on
the quality of life. An increase in weight leads to a significant reduction in the
quality of life, reduction in weight to an improvement.

The obese are discriminated against socially. In 1971, as queried by a rep-
resentative survey, some 40% of the population was amenable to accepting an
overweight person as their friend; in 1997, only 3% were so inclined. Among
the normal weight population, the cause of being overweight is perceived as too
much food ingestion by 32%, improper diet by 26%, followed by too little exer-
cise by 11% and heredity by 9%; the overweight see this situation completely
differently. Some 17% of obese patients view heredity as the cause, 15% per-
ceive it to be related to a good food conversion ratio (nutrition value of food
optimally used), and 20% feel that metabolism, glandular problems, medica-
tion or bone structure are responsible. Only 5% indicated that they eat too
much and only 22% of the obese perceive the influence of food ingestion in
being overweight [9].

Psychological test results show that, when compared to their normal
weight counterparts, the overweight have anxiety and depression levels that are
3–4 times higher [4]. The obese classify themselves as socially unattractive.
They assume that others talk about them behind their backs. They suffer dis-
advantages in their professional positions; physicians sometimes treat them
disrespectfully.

After successful weight loss, the mental health condition of patients dra-
matically improves. Among patients who have successfully taken off weight,
90% could more easily imagine accepting an amputated leg or even going blind
rather than becoming extremely obese again. These data show that the obese
suffer a great psychological burden. Accusations from the so-called ‘normal’
population also results in obesity being identified as a blameworthy and self-
inflicted condition. The disease character is not acknowledged [9, 24].

The psychosocial burden of patients also arises from the fact that the obese
are perceived by our social insurance system as being weak, and the health
insurance companies deem their being overweight as self-inflicted and brought
about by the obese person himself. Occasionally, cost carriers will view this
exclusively as a cosmetic-esthetic problem. Great inroads still need to be made
in the acceptance and treatment of obesity as a chronic disease.

Somatic and Psychological Consequences among Children and

Adolescents

The appearance of a metabolic syndrome in the overweight and obese
almost always occurs, though the latent periods vary greatly. Often, a person is
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overweight for many years while the consequences of the metabolic syndrome
are only seen much later. This is particularly true for the younger organism.
Indeed, for many years, no data were available reporting on the development of
the metabolic syndrome in young overweight or obese adolescents.
Nevertheless, with the dramatic increase in childhood and adolescent obesity,
the necessity for clinical and prospective studies arose. These now clearly indi-
cate that even in children and adolescents obesity promotes the development of
the metabolic syndrome. In 2004, Weiss and colleagues examined children and
adolescents and found that the metabolic syndrome is reported significantly
more frequently among today’s youths. The prevalence rises directly with the
extent of the obesity. A strong correlation was observed between obesity and
insulin resistance, as well as C-reactive protein and interleukin-6 levels. In this
investigation, the frequency of the metabolic syndrome increased with the
extent of being overweight and, in severely obese youths, rose up to 50% [28].

Being Overweight and Obese Decreases the Quality of Life among

Children and Adolescents

Even among children and adolescents, the quality of life is clearly
decreased when obesity is present. In 2003, Schwimmer and colleagues
reported that children and adolescents having a body mass index of 35 scored
67 points on the health-related quality of life scale, while healthy children
recorded 83 points. The values for obese children and adolescents were com-
parable to their peers who had been diagnosed with cancer. Likewise, the qual-
ity of life among obese children and adolescents with sleep apnea was, with
54 points, significantly lower than in adipose children and adolescents without
sleep apnea. The BMI z score was significantly inversely correlated with the
total score, with mental health functioning, social functioning and psychosocial
functioning [26].

The authors conclude that obese children and adolescents suffer a lower
quality of life than their healthy peers. Obese adolescents are socially discrim-
inated against and are, with respect to their quality of life, comparable with
young people in whom cancer has been diagnosed [26].

Conclusion

Being overweight or obese leads to numerous associated diseases that dra-
matically reduce the quality of life as well as significantly increase morbidity
and mortality (fig. 11, 14, 15). Numerous studies prove that being overweight
not only leads to the appearance of risk factors for increased mortality, but even
considered by itself, also shortens life expectancy.
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In spite of all therapeutic efforts, the number of people who are over-
weight and obese is increasing worldwide. This phenomenon is not only the
evolutionary-biological command for survival with a genetic optimal ability for
storing fat for times of famine, but also the easy availability of food products.
In today’s world, food ingestion usually occurs very rapidly; food is available in
an almost unlimited supply. Therefore, with few exceptions, the energy supply
is excessive. An increased energy supply inevitably leads to obesity. Worldwide,
enough energy is available for mankind in the form of food. Unfortunately, for
political reasons, an equable provision for all populations is not possible. In
certain regions of the world, famines appear, while in other areas, a food sur-
plus exists.

In civilized and industrialized countries, obesity prevention is becoming
particularly important. Programs must be developed especially for the preven-
tion in childhood and adolescence. Initial attempts seem hopeful, and increas-
ing numbers of government programs are becoming available. Likewise,
health insurance companies and insurers are beginning to offer prevention
programs.

A multitude of factors contribute to the development of obesity.
Consequently, therapy must follow an interdisciplinary and multimodal course.
Good short-term, and satisfactory long-term results have been reported from
interdisciplinary therapy programs [27]. Accordingly, obesity therapy must
continue for at least 12 months and requires medical care, behavioral modifi-
cation and psychological instruction, training in physical activity as well as
nutrition-based information and supervision.

Obesity prevention and obesity therapy must follow defined standards and
be in accordance with guidelines from professional societies. Data from the lit-
erature demonstrate that weight reduction among the obese and overweight not
only lowers the risk factors of arteriosclerosis and associated diseases, but also
increases life expectancy [8, 18, 30].
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Etiology of Obesity

Determining the causes of obesity is central to any efforts to tackling it.
However, despite years of research uncertainty over the etiology of obesity
remains one of the chief barriers to designing effective strategies for prevention
and treatment [1]. Many studies have been carried out into the potential influ-
ence of genetic factors, such as possible metabolic defects, and these have
yielded promising results in identifying gene mutations that render affected
individuals predisposed to develop obesity. However, this has been shown only
for a small percentage of morbidly obese patients, and it is unlikely that there
is a single genetic cause in the majority of cases. This is particularly true as the
dramatically escalating rate of obesity documented in recent years has occurred
in a relatively constant gene pool.

Important as these advances in our knowledge of the genetic basis of
obesity are, they tend to obscure the obvious: that genetic susceptibility will
rarely cause obesity in the absence of ‘obesogenic’ environmental factors.

At its simplest level, obesity is caused when energy intake exceeds energy
expenditure. This seemingly straightforward equation is, however, complicated
by a multitude of factors impacting upon this delicate balance. At the level of
energy intake eating behaviors and related psychological and physiological
processes of hunger and satiety regulation are crucial. At the level of energy
expenditure reduced physical activity, lower thermogenesis, i.e. smaller
increases in metabolic rate in response to food intake, and an overall reduction
in resting metabolic rate are all likely to contribute to a chronic positive energy
imbalance between energy intake and energy expenditure.

Most accounts of the shifts in obesity prevalence over time draw not on
changes in social or psychological conditions, but on the combination of an
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environment which favors a positive energy balance and an appetite control
system which evolved when the food supply was limited. There is now an abun-
dant, highly palatable, food supply in industrialized countries. At the same
time, transportation systems and mechanization have reduced the energy
demands of everyday life. If human beings evolved to store energy supplies,
then it is not surprising that so many people are now overweight [2]. While this
evolutionary perspective might serve to explain the increase in prevalence rates
on a population level, it does not explain why some people are so much fatter
than others, why some preserve a stable body weight or indeed, why others
succeed in maintaining a low body weight when everyone else finds it so diffi-
cult. This chapter will give an overview of genetic and environmental factors
currently thought to contribute to the development of obesity.

Genetic Factors

The frequently made observation that obesity tends to run in families is
now supported by both molecular genetics and genetic epidemiology. Results
from molecular genetic investigations show that monogenic forms of extreme
obesity are associated with mutations of the melanocortin-4-receptor (Mc4r)
[3]. This, however, is true only for 3–5% of all morbidly obese individuals
(BMI �40). Not all individuals, however, with this Mc4r mutation are obese
suggesting that obesity may depend on genetic variation in other genes in these
individuals. In the vast majority of cases it is assumed that a multitude of genes
are involved in processes that affect body fatness, e.g. energy intake, energy
expenditure and partitioning (i.e. storage of calories in fat, glycogen and
proteins).

Heritability of obesity, i.e. the fraction of the population variation in obe-
sity that can be explained by genetic transmission, has been considered in a
large number of twin, adoption and family studies. Heritability levels for iden-
tical twins, fraternal twins or twins reared apart tend to cluster around 70% of
the variation in BMI. In contrast, adoption studies have generated the lowest
heritability estimates of 30% or less. Heritability levels from family studies are
reported to fall in between these latter two categories. There is controversy over
the interpretation of these results with some seeing them as strong evidence for
the role of genetic factors in the etiology of obesity. Others conclude that the
heritability level reaches about one-third of the population variance, and that
changes in lifestyle account for the major part of the variance.

Another way of studying the genetics of obesity is through quantifying the
risk of becoming obese when a first-degree relative is overweight or obese.
Recently reported results show that although the prevalence of obesity is twice
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as high in families of obese individuals as in the general population at large,
this effect is dependent on the severity of obesity. Katzmarzyk et al. [4], for
example, showed that the familial risk of obesity was five times higher for
relatives in the upper 1% of the distribution of BMI values than in the general
population. The results also suggested that the risk of becoming obese was not
entirely due to genetic factors as the risk was also elevated in cohabitating
spouses of study participants. This latter result in particular suggests a complex
genotype-environment interaction where the response of a phenotype to
environmental changes such as diet or physical activity levels depends on the
genotype of the individual. Intervention trials have shown considerable
interindividual differences in the response to various dietary interventions or
exercise programs. Studies with identical twins, for example, revealed that
the response to positive or negative energy balance is very heterogeneous
between twin pairs but quite homogeneous within members of the same twin
pair [5].

In summary, important advances have been made in the genetics of obesity
albeit we are still only beginning to understand the basis of complex gene-gene
and gene-environment interactions. The identification of genes associated with
the etiology of obesity is a difficult task in familial or pedigree studies.
Whatever the impact of the genotype on the etiology of obesity, it is generally
attenuated or exacerbated by non-genetic, environmental factors, particularly in
the presence of an obesogenic environment.

The dramatically escalating rate of obesity documented in recent years is
often quoted as an indication of the dominant role of environmental factors as
these changes have occurred in a relatively constant gene pool. In fact, this sit-
uation only highlights the importance of distinguishing between genes causing
obesity from those predisposing to it. Significant advances have been made in
the identification of the former although they may account for only a small
percentage of all obesity cases. It is the identification of the latter that poses the
daunting task of defining how genetic individuality interacts with the environ-
ment to make some people resistant to obesity and others very much at risk to
becoming obese [6].

Prenatal Factors

A further example of gene-environment interactions – however, at a very
early point in life – comes from studies investigating the effects of the in utero
environment and later disease or metabolic functioning [7]. Extreme caloric
deprivation during critical periods in pregnancy and a resulting low birth weight
is positively associated with a higher than average weight during childhood and
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also later in life [8]. Higher birth weight has also been linked to greater likeli-
hood of being obese early in childhood. Children born to mothers with insulin-
dependent diabetes are at greater risk for being overweight, even after controlling
for maternal weight.

These observations have been also subsumed in the literature under the
term ‘metabolic programming’ or ‘fetal priming’. This notion suggests that the
environment in utero can affect the metabolic phenotype as a form of metabolic
programming. The in utero environment does not change the genes of the
individual; it changes the way the genes are expressed, either in utero or later
in life.

An example for the processes that are involved in fetal priming comes
from cardiovascular research [9]. Low birth weight (indicating fetal malnutri-
tion) has been shown to be associated with an increased risk for essential hyper-
tension in later life. Fetal priming models assume that the fetus – if it
experiences malnutrition – expresses genes that lead to the production of vaso-
constricting hormones. This not only leads to a better blood supply through
the placenta but will also raise maternal blood pressure (pre-eclampsia).
Expression of these genes later in life, re-activated through the effects of envi-
ronmental factors, may lead to established essential hypertension. The pro-
posed mechanisms involved in the fetal priming of obesity include effects of
maternal insulin levels on the development of the fetal pancreas and more
generally permanent adaptations of central regulatory mechanisms of energy
intake and expenditure.

These results serve to highlight the fact that gene-environment interactions
begin much earlier in life than previously thought, i.e. in the womb. In sum-
mary, the current literature suggests that a birth weight at either end of the
distribution, i.e. lower or higher than average, increases the risk for later obe-
sity (and a range of other disorders). The underlying metabolic processes might
be quite varied, but they all seem to impact on future regulation of energy
balance and body weight.

However, although a predisposition towards obesity may be ‘written in the
genes’, it is not indelible. The inclination is to some degree alterable during
various periods of life: prenatally through avoiding malnutrition or maternal
obesity or diabetes, but also in early childhood and into adolescence. As chil-
dren age, this window of plasticity may start to close. It is evident from this
brief account of prenatal gene-environment interactions that early interventions
are important. We have argued elsewhere that food preferences are acquired in
childhood and sound nutritional practices should therefore be established in
childhood as a basis for life-long healthy eating [10]. In the context of the find-
ings on fetal programming it seems such interventions should be extended to
include the prenatal period by ensuring adequate maternal nutrition.
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Dietary Habits

The advances in understanding the genetic basis of obesity are also psy-
chologically important. They show that the often made causal attributions of
individuals of ‘their’ obesity to genetic or biological determinants (e.g. ‘I am
just making proper use of the food I eat’) do not lack empirical support all
together. However, at the level of energy intake there is increasing evidence that
it is not only important how much we eat but also what we eat. Large-scale
investigations over the last 10 years, for example, have shown that the so-called
carbohydrate fattening, i.e. the lipogenesis from carbohydrates, does not repre-
sent a major metabolic route in the development of obesity [11]. In contrast to
other species, in humans carbohydrates are converted to fat only after several
days’ consumption of more than 500 g of carbohydrates per day. This amount is
roughly equivalent to 500 g sugar, 1.2 kg of bread, 3 kg of pasta, 3.5 kg of pota-
toes or 30 kg of cauliflower. Several field studies of large cohorts have shown a
positive linear relationship between body weight and fat consumption, but a
negative correlation with carbohydrate intake [12]. With calories from fat
accounting for more than 46% of daily calorific consumption obese individuals
consume relatively more calories from fat than from carbohydrates; this is
significantly more than the recommended 30% for the general population
[13, 14]. These results are in conflict with previous weight reduction interven-
tions which tend to reduce calorific intake irrespective of macronutrient source.
As body fat is primarily generated from dietary fat, but not from carbohydrates,
the dietary fat preference of many overweight and obese individuals represents
an important etiological factor and has far reaching implications for weight
reduction interventions.

Eating Behavior

As discussed earlier obesity is the result of energy intake exceeding energy
expenditure, or – put in a more simple way – if one eats more than one needs.
Psychologists’ first incursions into understanding why people eat too much
focused on psychodynamically orientated models suggesting that eating too
much served unconscious needs and that levels of psychopathology are, there-
fore, higher than in the normal-weight population. Empirical findings from
studies investigating the prevalence of mental disorders in obese individuals do
not support this latter assumption, although there is evidence that severely
obese individuals have raised levels of depression and anxiety. This, however,
appears to be an effect rather than a cause of obesity, strongly associated with
the experience of multiple handicaps and stigmatization [15, 16].
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Cognitive theories of eating behavior stipulate differences in the experience
of hunger and satiety and, therefore, in the regulation of eating behavior.
Schachter’s [17] externality model suggests that obesity is caused by low respon-
siveness to internal cues for satiety combined with high responsiveness to external
food cues. Results from laboratory studies showed differences in responsiveness
to food between obese and normal-weight adults, and the theory was further
supported by observations on animal models of obesity. Despite these initial
successes subsequent studies failed to replicate the major findings [18]. Former
students of Schachter put forward their own theories in order to explain some of
the inconsistencies: Nisbett’s set point theory [19] and Herman and Polivy’s con-
cept of restraint eating and the boundary model [20]. Common to both theories is
the assumption that the crucial factor mediating the association between obesity
and externality is not obesity per se but the constant dieting behavior which is
the result of social pressures to be slim. According to the more biological set
point-theory each individual has a set level of fat stores which are defended by 
up-regulating appetite if they are depleted and down-regulated if they are filled.
Obese people were thought to have a higher than normal set-point, resulting in
abnormal appetite if they lost weight below their own set point weight.

Despite its clear simplicity this theory has been largely abandoned as it
cannot, for example, explain the shift in set-point weights over the last decade
given the recent increase in obesity prevalence. At the core of Herman and
Polivy’s boundary model [20] lies the assumption that dieting behavior annuls
normal hunger and satiety regulation through suppression of internal cues, and
replaces it with cognitive control mechanisms, i.e. dietary restraint. By trying
to eat less than they would otherwise want to, dieting obese individuals, accord-
ing to this model, have ‘unlearned’ to respond to their internal signals of hunger
and satiety [see also chapter on childhood obesity by Braet, pp. 117–137].

This system of deliberate control over eating requires an almost permanent
conscious effort in order maintain it. It is, therefore, easy to perturb: both any
kind of distraction (e.g. strong emotions) and breaking the dietary rule (e.g. by
eating ‘forbidden’ food) have been shown to lead to loss of control over eating
and in some instances even to binge eating. There is now considerable evidence
that restrained eaters are less responsive to satiety, more responsive to palatabil-
ity, and more likely to show over-eating in response to negative affect. Recent
results [21, 22] have further added to and differentiated this picture: restraint per
se does not seem to predict overeating in an experimental situation; it is the ten-
dency to over-eat – in combination with restraint – that is crucial in eliciting over-
eating and binge eating. The individuals most at risk are not those who are
restraint but do not over eat; they might well be described as successful dieters. It
is those who show the combination of high restraint and a high tendency to over-
eat, therefore having susceptibility toward failure of restraint.
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These observations turned existing ideas on their head in suggesting that
attempts to regulate food intake (in combination with a tendency to over eat)
might be the cause of, and not simply a response to, problems of eating control.
By logical extension they also suggest that previous intervention approaches to
control body weight by prescribing calorie reduced diets may actually con-
tribute to the problem of obesity and not solve it. The observation that up to
85% of participants in weight loss programs based on calorific reduction alone
regain their initial weight and more over a period of five years after the end of
the program lends some support to this notion [23].

The association between restraint and regulatory problems is now well
established, but there is still uncertainty about the mechanism, and especially
about why restrained eaters should ever actually eat more than unrestrained
eaters. The cognitive model of restraint proposes that after a high calorie pre-
load (in the laboratory) or a dieting transgression (in everyday life), the dieter
‘reasons’ that she might as well take advantage of the situation and leave diet-
ing until tomorrow. The psycho-biological model suggests that after a long his-
tory of imposed cognitive control, in which normal biological controls have
been over-ridden and food intake patterns are chaotic and irregular, sensitivity
to satiety or hunger signals becomes blunted and learned patterns of hunger
and satiety are disrupted. The emotional model suggests that the dieter copes
with negative emotional states with dissociation, and as part of this, loses con-
tact with her restrictive intentions. There is some evidence for each of these
processes, but as yet there have been no definitive studies which distinguish
between them.

It seems likely that restraint can increase the risk of loss of control, but
there may be riskier and less risky forms. Flexible restraint has been associated
with better weight control than rigid restraint. Eating regimens with regular
meal patterns and a balanced nutrient intake are probably better than short-term
drastic restriction. Negative body image is very often the motive for attempts at
weight loss, but may in itself increase the difficulty of controlling weight, so
interventions which improve body image could facilitate weight control. Higher
levels of physical exercise are consistently associated with better weight con-
trol, both in the normal population and in maintaining weight loss after treat-
ment, and deserve a higher profile in psychological treatments.

Physical (In)Activity

Given the current rise in obesity prevalence, it may come as a surprise
that the average level of energy intake has actually fallen in western countries
since the 1960s [24]. This apparent contradiction can only be explained if the
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average level of energy input is falling more slowly than the average level of
energy output, thus creating the conditions for increases in average weight lev-
els and prevalence of obesity.

There is no doubt that people living in today’s societies are less physically
active than they have probably ever been in history. Although measuring activ-
ity levels is difficult because they usually rely on self-report measures, recent
national surveys [e.g. 25] and reports by the WHO [26] conclude that the extra
physical activity involved in living 50 years ago, compared to today was the
equivalent to running a marathon a week. So why have lifestyles changed so
dramatically over the last 50 years? A first answer lies in the increasing use of
motorized transport instead of active methods of transport, such as walking and
cycling. The latest UK National Travel Survey [27] indicates that the average
person now walks 189 miles per year, a fall of 66 miles over 25 years. This
decline in walking may be attributed to the loss of opportunities to walk, as
well as increased access to motorized transport. The increasing use of cars has
led to a vicious circle of car dependency, as town planning has increasingly
prioritized the needs of motorists above those of pedestrians and cyclists, mean-
ing that in many places walking and cycling are at best unpleasant and at worst
dangerous. At the same time, local neighborhoods are increasingly perceived
by parents as unsafe for children to play out in, implicitly discouraging active
play and contributing to the growing problem of physical inactivity in children.

Activity levels for children appear to have fallen in almost every aspect of
their lives. The recent Chief Medical Officer’s report suggested that 2 in 10 boys
and girls undertake less than 30min activity a day [28]. According to the orga-
nization Working for Cycling, in 1985–1986 only 22% of 5- to 10-year-olds
were driven to school; that figure had risen to 39% by 1999–2000. Some schools
are reported to have even put seats in playground areas so that children can sit
for the whole of their lunch break.

Television viewing is another factor contributing to the current levels of
inactivity: the average person in the 1960s watched television 13 h a week com-
pared to 26 h now [29]. Gortmaker et al. [30] have shown that adolescents
spending more than 5 hours per day with television viewing are 4.6 times more
likely to be obese than those with a television consumption of 2 h or less.

Results from cross-sectional comparisons of physical activity levels
between obese and normal-weight individuals are equivocal. This has a number
of methodological and conceptual reasons. Studies have, for example, used a
variety of different measures to quantify energy expenditure. They range from
highly sophisticated laboratory methods with very good reliability and
extremely poor ecological validity to self-report data where the relation
between reliability and validity is reversed. Conceptual problems in defining
what constitutes physical activity are another example, which makes direct
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comparisons between studies all but impossible. Investigations have considered
the entire armory of physical activity behavior ranging from micro movements
to everyday activities and exercise, however not combined in one study making
it difficult to arrive at firm conclusions about physical activity level differences
in general. Finally, only few studies take into consideration that obese individ-
uals use more calories when physically active than their normal weight coun-
terparts as they have to move more body weight; this is very frequently
overlooked in drawing direct comparisons between activity levels of obese and
normal weight individuals.

In summary, there is evidence that physical activity levels have declined
dramatically over the last few decades in the general population and this coin-
cides with a rise in the prevalence of obesity. Extraordinary as these findings are
it has to be said that they only provide incidental and correlational evidence for
the role of inactivity in the etiology of obesity. To our knowledge no study has
shown a direct causal route of inactivity that leads to obesity, nor do we know
the differential impact of lack of physical activity in the energy balance equation.
Cross-sectional comparisons of physical activity levels between obese and nor-
mal weight individuals do not contribute to the clarification of these questions
either as they suffer from methodological heterogeneity and a lack of conceptual
clarity. Moreover, given their cross-sectional design only tentative conclusions
about a causal role of lack of physical activity could be drawn.

Notwithstanding these methodological criticisms the findings on the
decline of physical activity levels on a population level are impressive still, par-
ticularly as sedentary behavior has been shown to be a significant risk factor
for a range of diseases other than obesity. There is also evidence that some of
the health benefits associated with increased levels of physical activity are in
fact independent of weight loss (e.g. improvements in cardio-respiratory fitness
and blood lipid profiles, reductions in plasma-insulin concentrations and
increased insulin sensitivity) [31].

There is now an impressive body of literature confirming the benefits of
regular physical activity for both physical and mental health [32]. The American
Centers for Disease Control and Prevention and the American College of Sports
Medicine concluded in a joint report that evidence from cross sectional epi-
demiological surveys as well as controlled, experimental studies suggests that
physically active adults tend to develop and maintain better physical health [33].
The report further concludes that prolonged vigorous exercise is not necessary
to achieve these benefits and recommends an increase in everyday physical
activity amounting to a total of at least 30min activity at an intensity corre-
sponding to brisk walking. This activity level should be well within the grasp of
most people. It is puzzling, therefore, that physical activity levels in the general
population are well below this recommended intensity and drop-out rates from
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exercise programs continue to be high, particularly amongst those who would
benefit most (i.e. cardiac patients, obese individuals). Data from Europe and the
USA suggests that the majority of people start to exercise at one point during
their lives, but only a minority succeeds in turning this behavior into a lifelong
habit. Low levels of physical activity in the general population are, therefore, not
so much a consequence of a lack of motivation to start but a result of difficulties
to maintain exercise behavior. This clearly has important implications for the
design of therapeutic interventions to increase physical activity levels.

Conclusions

Obesity is likely to be caused by complex gene-gene and gene-environment
interactions. Despite significant advances in the understanding of the genetics of
obesity, a genetic predisposition for obesity is generally exacerbated by non-
genetic, environmental factors. There is increasing evidence that the prenatal
(in utero) environment plays an important role in affecting adaptations of central
regulatory mechanisms of energy intake and expenditure, thus potentially
increasing the risk for obesity later in life. As obesity is caused when energy
intake exceeds energy expenditure over-eating is a significant etiological factor.
Psychological investigations of over-eating have identified a cognitive-
behavioral pattern characterized by deliberate but unsuccessful control over
eating as a significant risk factor for problems with food intake regulation.
However, for the etiology of obesity it is not only important how much we eat
but also what we eat: There is a positive association between body weight and
fat consumption, but a negative correlation with carbohydrate intake. As body
fat is primarily generated from dietary fat, but not from carbohydrates, the
dietary fat preference of many overweight and obese individuals represents an
important etiological factor and has far reaching implications for weight reduc-
tion interventions. Lack of regular physical exercise is also a major determinant
of weight gain and obesity. There is evidence that physical activity levels have
declined dramatically over the last few decades in the general population and
this coincides with a rise in the prevalence of obesity. This is even more worry-
ing as sedentary behavior has been shown to be a significant risk factor not only
for obesity but also a whole range of other diseases. The majority of people start
to exercise at one point during their lives, but only a minority succeeds in turning
this behavior into a lifelong habit. Low levels of physical activity in the general
population are, therefore, not so much a consequence of a lack of motivation to
start but a result of difficulties to maintain an active life style. This has impor-
tant implications for the design of therapeutic interventions to increase physical
activity levels.
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The principles and application of behavior therapy for obesity are outlined.

The specific features of the behavioral approach for obesity are: goal orienta-

tion, direct modification of eating and exercise behavior, process orientation and

evaluation, and the advocation of small rather than large changes. The major

treatment components consist of self-monitoring, stimulus control techniques,

cognitive restructuring, problem solving, nutritional education, and increasing

the amount of physical activity. Short-term data on effectiveness of behavioral

treatment indicate a very favorable outcome with weight losses of about 10% of

initial weight. Further research should address long-term efficacy and strategies

to maintain the successful initial weight loss.

The application of behavior therapy to obesity began in the late 1960s with

Stuart’s [1] case report of the highly successful treatment of 8 individuals who

lost an average of 18 kg, a loss of the size of which was achieved by fewer than

5% of persons who received the conventional dietary therapy. The behavioral

approach of Stuart was founded on his belief that ‘only two common charac-

teristics have been observed in obese persons: a tendency to overeat and a ten-

dency to underexercise’. This statement clearly reflects an oversimplification

of the etiology of obesity. Nevertheless, the majority of behaviorally oriented

interventions for obesity try to modify energy intake, energy expenditure

or both.

Behavior therapy of obesity is based on the functional analysis of behavior

[i.e. 2]. Eating and exercise habits are analyzed to determine their relationship to

other events including times, places, emotions, cognitions, and other persons.

The behavioral approach can be characterized by the following features: (1) It

is goal oriented. The objectives of therapy are clearly defined and specified
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in terms that can be easily measured. (2) Treatment seeks to directly change

behavior, which is at present likely to maintain the overweight. Thus, it differs

from dynamically oriented therapy, which for example would explore uncon-

scious drives to overeat rooting back to early childhood. (3) Behavioral treat-

ment is process oriented. It is more than helping people decide what they want

to accomplish; it helps them identify how to do so. Patients are encouraged to

identify the specific behavior they wish to adopt and when, where, and with

whom they will practice it. In cases in which the behavior is not adopted, atten-

tion is focused to find alternative strategies. This skill-building philosophy views

weight management as a set of skills to be learned rather than as willpower to be

enhanced. (4) Behavioral approaches advocate small rather than large changes.

This method is based on the learning principle of successive approximation in

which incremental steps are taken to achieve more distant goals. Making small

changes gives patients successful experiences upon which to build, rather than

attempting drastic changes, which are typically short-lived.

In most cases behavioral treatments are offered as multimodal treatment

packages. These packages are designed for inpatient as well as for outpatient

treatment.

In the following, the major components of treatment are described and

illustrated by examples of intervention.

Initial Evaluation and Goals of Treatment

During the initial evaluation the therapist has to collect information on the

patient’s current social functioning, on the individual’s understanding of his or

her weight problem, and on the reasons why the patient has sought treatment.

Biological factors and genetics, which may contribute to the patient’s obesity,

should be taken into account additionally. Of great importance is information

concerning eating, exercise, and dietary habits, which will be used to plan treat-

ment [3]. Behavioral treatment not only has goals in terms of weight loss but

also goals with respect to psychosocial changes. The selection of a reasonable

goal weight should be based on the patient’s weight history. As a general rule,

the goal weight should be no lower than the patient’s lowest weight since age

21, which was maintained for at least 1 year [4]. In most cases, an initial weight

loss of 10% is sufficient to improve medical complications such as hyperten-

sion, diabetes, or hypercholesterolemia. Patient and therapist must explicitly

discuss the patient’s desired weight loss and the rapidity with which it is antic-

ipated. In the absence of such a discussion, patients frequently adhere to their

often unrealistic goals and become treatment dropouts, when they fail to reach

them [5].
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There is little likelihood that psychosocial benefits will result by weight

loss alone. Weight loss may be a necessary condition for such changes, but rarely

is it sufficient. Therefore concrete treatment goals should be set in all areas

of social functioning (e.g. communication, work, family, self-assertiveness).

Treatment Components

Self-Monitoring

Self-monitoring (observing and recording one’s behavior) is a corner-

stone of behavioral treatment. Patients are asked to record daily the types

and amounts of food that they eat and their caloric value. This practice helps

to identify problem foods and hidden sources of calories, and facilitates

adherence to a reduced calorie diet. Record keeping is expanded over time to

include information on exercise habits, as well as times, places, and feelings

associated with eating. In the later stages of treatment, patients attempt to

identify high-risk situations that are associated with dietary lapses and

record their thoughts and feelings in response to such occurrences. Patients

discuss in weekly sessions their success in completing their records and

receive feedback from the therapist on methods in handling any problems.

Many patients come to view self-monitoring as the most important part of

their behavioral programme, and it vastly increases their awareness of their

eating behavior.

Stimulus Control

Stimulus control techniques are designed to limit the individual’s exposure

to food and thus prevent incidental eating. The main assumption is that all stim-

uli which might be related to the consumption of food should be arranged so as

to become antecedents of an adequate eating behavior [2]. This strategy includes

the following procedures: (a) Shopping carefully to keep problem foods out of

the home (for example with a prescribed shopping list). (b) Storing foods out of

sight. (c) Leaving food on the plate and to eliminate it directly into the trash

container, when eating is finished. (d) Limiting the times, places and activities

associated with eating (e.g. eating three meals a day at a table in the same room

without reading or looking television).

Positive cues are used to increase physical activity. These cues might

include placing a treadmill in a frequently used room, leaving walking shoes at

the front door, or keeping an activity calendar on the refrigerator.

Both self-monitoring as well as stimulus control has empirically been

found effective [6].
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Cognitive Restructuring

Cognitive therapy is designed to help dieters overcome self-defeating

thoughts, which undermine weight control efforts. Such thoughts might include:

• the impossibility of weight loss (‘I’ll never be able to lose this weight’)

• unrealistic goals (‘I’ll never eat ice cream again’)

• self-disparaging statements (‘what a failure, I’ll always be fat’).

Patients identify their negative thoughts through self-monitoring and role-

play their rational responses to them.

Methods developed by Beck are used to help patients establish coping-

oriented, rational responses to their negativistic beliefs.

Cooper et al. [7] have proposed the use of cognitive therapy to support

patients in accepting even modest weight losses they are able to achieve. Most

obese individuals lose only about one-third of the weight they would like to lose,

which may lead to disappointment and abandonment of continued weight loss

efforts. Acceptance of modest weight losses could be facilitated by improving

patients’ satisfaction with their body image.

Problem-Solving

Training in problem-solving skills provides patients a systematic method

to handle with difficulties they discover by self-monitoring. As applied to

weight control, patients are taught to: (a) identify and clearly define the weight

related difficulty; (b) generate possible solutions for the problem; (c) evaluate

the possible solutions and select one; (d) plan and implement the new behavior;

(e) evaluate the outcome and, if the intervention was not successful, reevaluate

the problem and select another solution. These techniques are described for

example in Fliegel et al. [8].

Control of the Act of Eating

A variety of techniques has been developed to help patients decrease their

speed of eating and gain control over it in order to improve satiety and thus be

satisfied with less food. These methods include putting fork down between

mouthfuls, chewing thoroughly before swallowing, preparing one portion of food

at a time, leaving some food on the plate, pausing in the middle of the meal,

doing nothing else while eating. Empirically it has been shown that subjects in a

behavioral weight loss program who slowed their rate of eating lost significantly

more weight than subjects who failed to slow their rate of intake [9].
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Additional benefits of slowing eating rate may include increased enjoyment

of the flavor and texture of food and greater feelings of self-control.

Nutrition Education

Early behavioral treatment provided minimal dietary counselling. Current

behavioral interventions, however, stress the importance of a well-balanced,

low-fat diet. The change has made because of findings that the body uses

approximately 25% more energy to metabolize carbohydrate than fat. Thus, a

person will gain more weight eating fat than in consuming the same number of

calories as carbohydrate. The most effective diet results in a gradual change to

foods that the patient can continue to eat indefinitely. This means increasing the

intake of complex carbohydrates, particularly fruits, vegetables and cereals,

and decreasing the intake of fats and concentrated carbohydrates (see [10] for

further description).

Physical Activity

Increased physical activity is perhaps the single best correlate of long-term

weight control. Therefore an exercise component is incorporated in every

behavioral weight loss program. A first step is to help patients to monitor their

physical activity. Mechanical pedometers are an inexpensive way of making

such measurements. Once the level of physical activity is being monitored

behavioral interventions are used to increase the level. A key element is to

begin slowly so that patients do not repeat their frequent experience of failure.

For this reason programmed activities and sports are not the first choice.

Instead ‘lifestyle’ activities are encouraged: getting off the bus a stop too early

or a stop too late, parking the car some distance from one’s destination, using

the stairs instead of the elevators. To sum up, any means of ‘wasting’ energy

that appeals to the patient [11].

Short-Term Results of Behavioral Treatment

A meta-analysis using data from randomized controlled trials published

from 1974 to 2002 [12] indicates a very favorable outcome. Patients treated by a

comprehensive behavioral approach lost approximately 10.7 kg (�10% of initial

weight). In addition, the completion rate for the treatment was 80%. A compari-

son of former (1974) with more recent studies (1996–2002) reveals that weight

losses in behavioral treatments have more than doubled in the past 25 years.
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Long-Term Results of Behavioral Treatment

Weight regain is a problem following virtually all dietary and behavioral

interventions. Patients treated by behavioral therapy for 20–30 weeks typically

regain about 30–35% of the lost weight in the year following treatment [13].

Weight regain slows after the first year but by 5 years, 50% of patients are

likely to have returned to their baseline weight.

Several studies have demonstrated the benefits of patients continuing to

attend weight maintenance classes after completing an initial weight loss

program. Perri et al. [13], for example, found that individuals who attended

every other week group maintenance sessions for the year following weight

reduction maintained 13.0 kg of their 13.2 kg end of treatment weight loss,

whereas those who did not receive such follow-up treatment maintained

only 5.7 kg of a 10.8-kg loss. Maintenance sessions should provide patients

the support and motivation needed to continue and practice weight control

skills, such as keeping food records and exercising regularly. In these sessions,

it should be focused on identification of high-risk situations, on train-

ing to avoid lapses, and on positive coping with slips and relapses. Further

content of maintenance sessions are methods to increase social and emotional

support for weight maintenance by partners or friends. A third focus should

be to strengthen the motivation to adhere to physical activity and lifestyle

changes.

When reviewing 13 studies on this topic, Perri and Corsica [14] found that

patients who received long-term treatment, which averages 41 sessions over

54 weeks maintained 10.3 kg of their initial 10.7-kg weight loss. 

However, a clear limitation of long-term behavioral treatment seems to be

that it only delays rather than prevents weight regain [12]. Behavioral mainte-

nance therapy is generally successful in sustaining losses of about 10–12% of

initial weight but not reductions of 20% or more. Even with very intensive

programmes, larger losses are difficult to maintain, in part, because of compen-

satory biological responses to weight reduction (e.g. decreases in leptin and

resting energy expenditure [15, 16]).

Resume and Outlook

Behavioral treatment of obesity is clearly effective in inducing a loss of

8–10% of initial weight. Losses of this size are associated with significant

improvements in health. Further research in particular should address how

to improve the long-term efficacy of behavioral treatment packages as a whole

and the question which treatment components are most successful.
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Resources and efforts also must be devoted to the prevention of obesity,

using behaviorally oriented means. The best hope for prevention may lie with

children and adolescents. Special efforts should be made to improve meals and

snacks served at schools, to provide more opportunities for physical activity at

school and at home, and educate youth about the importance of diet, activity, and

healthy body weight. Ultimately, we should try to change an environment that

encourages people to consume high-fat, high-sugar foods in super-sized servings.

Although behavioral treatment can assist those who already are obese,

there is more need for wide scale environmental interventions that will reduce

the number of individuals who will require such treatment.
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of Obesity

George A. Bray

Pennington Biomedical Research Center, Louisiana State University, 

Baton Rouge, La., USA

Many physicians and laymen are leery of using medications to manage

obesity. This concern stems from several problems associated with their use.

First, almost every drug that has been used to treat obesity has been associated

with undesirable outcomes that have resulted injury, death and withdrawal of

the drug [1]. One of the most serious was the appearance of cardiac valvulopa-

thy following treatment of fenfluramine and phentermine [2–6]. Fenfluramine

and dexfenfluramine were subsequently withdrawn from the market. Second,

some medications, particularly amphetamine and methamphetamine are addic-

tive, and this has tarnished many drugs with similar chemical structures,

whether or not they are demonstrated to be addictive [7]. For example, abuse of

either phentermine or diethylpropion is rare [1]. Fenfluramine, a drug with a

structure similar to amphetamine has not been reported to be addictive. Third,

weight loss during treatment with drugs reaches a plateau after about 6 months,

leading many people to conclude erroneously that the drugs have lost their

‘effectiveness’, even though weight is rapidly regained when the drugs are dis-

continued [8–15]. Cure for obesity is rare, and treatment is thus aimed at palli-

ation. As clinicians, we do not expect to cure such diseases as hypertension or

hypercholesterolemia with medications. Rather, we expect to palliate them.

When the medications for any of these diseases are discontinued, we expect the

disease to recur. This means that medications only work when used. The same

arguments go for medications used to treat overweight. It is a chronic, incurable

disease for which drugs only work when used.

In weighing the options regarding treatments for obesity, physicians must

be cognizant of these barriers to success. Since binge eating is a problem of

overeating often followed by purging, it becomes important to ask whether the
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medications described below have been used and whether they could be

involved in the problem. It is against these limitations that we will review cur-

rently available medications. Table 1 summarizes the effects of a number of

drugs that are currently available in the United States to treat obesity [1, 16].

They fall into two broad groups, those that produce weight loss by blocking the

digestion of fat, and those that act as sympathomimetic appetite suppressants.

First I will review the actions and safety of these drugs, and then review some

of the agents on both the close and distant horizon, some of which may also be

of value in treating binge eating disorders.

Orlistat – A Drug That Blocks Intestinal Digestion

Pharmacology

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 [17]. Orlistat has little effect in subjects eating a low-fat diet, as might be

anticipated from the mechanism by which this drug works [17].

Efficacy

A number of long-term clinical trials with orlistat lasting six months to

two years have been published [10, 17–27]. In all of the 2-year trials [20]

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 main-

tain weight. By the end of year 1, the placebo-treated patients lost between 4

and 6% of their initial body weight and the drug-treated patients lost 8 and

10%. In one study, the patients were re-randomized at the end of year 1. Those

switched from orlistat to placebo gained weight from �10 to �6.0% below base-

line. Those switched from placebo to orlistat lost from �6 to �8.1%, which

was essentially identical to the �7.9% in the patients treated with orlistat for

the full 2 years. In a second 2-year study, 892 patients were randomized [21]. One

group remained on placebo throughout the 2 years (n � 97 completers) and a

second group remained on orlistat 120mg three times a day for 2 years

(n � 109 completers). At the end of 1 year, 2/3 of the group treated with orlistat

for 1 year were changed to orlistat 60mg three times a day (n � 102 completers)

and the others to placebo (n � 95 completers) [21]. After 1 year, the weight

loss was �8.67kg in the orlistat-treated group and �5.81kg 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
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Table 1. Drugs approved by the FDA to treat obesity

Drug name Trade name(s) Dosage DEA Cost/day Side effects and comments

schedule USD

Pancreatic lipase inhibitor

Orlistat Xenical 120mg t.i.d. before meals none 3.56/day daily Vitamin pill in the evening;

may interact with cyclosporine

Norepinephrine-serotonin reuptake inhibitor

Sibutramine Meredia (US) 5–15mg/day IV 2.98–3.56/day raises blood pressure slightly

Reductil do not use with monoamine 

(rest of world) oxidase inhibitors; SSRIs 

sumatriptan, dihydroergotamine, 

merpidine; methadon;

pentazocine; fentanyl; 

lithium; tryptophan

Sympathomimetic drugs

Diethylpropion Tenuate 25mg t.i.d. IV 1.27–1.52/day all sympathomimetic drugs 

Tepanil 25mg t.i.d. are similar; do not use with 

Tenuate Dospan 75mg in AM monoamine oxidase inhibitors,

guanethidine, alcohol, 

sibutramine, or tricyclic 

antidepressants

Phentermine Standard release IV 0.67–1.60/day see above

Adipex-P 18.75 to 37.5mg/day, t.i.d.

Fastin

Obenix

Oby-Cap 
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Table 1 (continued)

Drug name Trade name(s) Dosage DEA Cost/day Side effects and comments

schedule USD

Oby-Trim 

Zantryl

Slow release 15–30mg/day in AM 1.75–2.01/day

Ionamin

Benzphetamine Didrex 25–50mg 1–3 times/day III 1.19– 2.38/day see above

Phendimetrazine Standard release III 1.20–5.25/day see above

Bontril PDM 35mg t.i.d. before meals

Plegine

X-Trozine

Slow release

Bontril 105mg/day in AM

Prelu-2

X-Trozine

SSRI � Selective serotonin reuptake inhibitor.
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placebo during year 2). In a third 2-year study, 783 patients enrolled in a trial

where, for 2 years, they remained in the placebo group or one of two orlistat-

treated groups at 60 or 120mg three times a day [23]. 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 main-

tenance’ diet, all three groups regained some weight. At the end of 2 years, the

completers in the placebo group were �4.3 kg below baseline, the completers

treated with orlistat 60mg three times daily was �6.8 kg and the completers

treated with orlistat 120mg three times daily were �7.6 kg below baseline.

Another 2-year trial that has been published was carried out on 796 subjects in

a general practice setting [17]. After 1 year of treatment with orlistat 120mg/day,

completers (n � 117) had lost �8.8 kg compared to �4.3 kg in the placebo

completers (n � 91). During the second year when the diet was liberalized to

‘maintain body weight,’ both groups regained some weight. At the end of 2 years,

the orlistat group receiving 120mg three times daily were 5.2 kg below their

baseline weight compared to �1.5kg for the group treated with placebo (fig. 1).

Weight maintenance with orlistat was evaluated in a 1-year study [22].

Patients were enrolled who lost more than 8% of their body weight over six

months eating a 1,000-kcal/day (4,180 kJ/day) diet. The 729 patients were one

of four groups randomized to receive either placebo or 30, 60 or 120mg of orli-

stat three times a day for 12 months. At the end of this time the placebo-treated

patients had regained 56% of their body weight, compared to 32.4% in the
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Fig. 1. Hoffmann-La Roche pooled data [17]. The percent change in body weight over

2 years of orlistat at 60 and 120mg. At the end of 2 years, the orlistat group receiving 120mg

three times daily were 5.2 kg below their baseline weight compared to �1.5 kg for the group

treated with placebo.
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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.

Effects of Orlistat on Lipids, Lipoproteins, Glucose Tolerance 

and Diabetes

The modest weight reduction observed with orlistat treatment may have a

beneficial effect on lipids and lipoproteins [28]. From a meta-analysis [29] of

the data relating orlistat to lipids, 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.

A meta-analysis and the Xenical in Diabetes (XENDOS) study have shown

that Xenical lowers hemoglobin A1c and reduces the conversion from impaired

glucose tolerance to diabetes [30, 31]. In orlistat-treated subjects the conver-

sion from normal glucose tolerance to diabetes occurred in 6.6% of patients,

whereas approximately 11% of placebo-treated patients had a similar worsen-

ing of glucose tolerance. Conversion from IGT to diabetes was less frequent in

orlistat-treated patients than in placebo-treated obese subjects, by 3.0 and 7.6%,

respectively [30]. Although these data are based on a retrospective analysis of

1-year trials in which data on glucose tolerance was available, it shows that

modest weight reduction – with pharmacotherapy – may lead to an important

risk reduction for the development of type II diabetes. In diabetic patients

treated with orlistat [26], weight loss in the orlistat-treated group was 

�3.9 � 0.3% compared to �1.3 � �0.3% in the placebo-treated group, HbA1C

was reduced �0.62% in the orlistat-treated group, but only �0.27% in the

placebo group. In a 4-year randomized, placebo-controlled clinical trial with

orlistat, 1,640 patients were assigned to received orlistat 120mg three times

daily plus lifestyle and 1,637 patients to receive matching placebos plus

lifestyle. The study enrolled Swedish patients with a BMI �30 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 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. Thus it is clear that long-term

clinical trials of anti-obesity drugs can be implemented [31].

Safety

Orlistat is not absorbed to any significant degree and its side effects are

thus related to the blockade of triglyceride digestion in the intestine [32]. Fecal

fat loss and related GI symptoms are common initially, but subside as patients
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Fig. 2. Addition of orlistat or placebo for 4 months following 1 year of treatment

with sibutramine [34]. Patients were randomly assigned to orlistat or placebo in addition to

sibutramine following a year of treatment with sibutramine alone. During the additional four

months of combination treatment there was no further weight loss.

learn to use the drug [20, 21]. During treatment small but significant decreases

in fat-soluble vitamins can occur, although these almost always remain within

the normal range [33]. 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 provide a multi-vitamin with

instructions to take it before bedtime. Absorption of other drugs does not seem

to be significantly affected by orlistat.

An analysis of quality of life in patients treated with orlistat showed

improvements over the placebo group in spite of the concerns about GI symptoms.

In addition, orlistat-treated patients showed a significant decrease in serum

cholesterol and LDL cholesterol that is greater than can be explained by the

weight loss alone.

Combining Orlistat and Sibutramine

Since orlistat works peripherally to reduce triglyceride digestion in the GI

track and sibutramine works on noradrenergic and serotonergic reuptake mech-

anisms in the brain, their mechanisms don’t overlap at all and combining them

might provide additive weight loss. To test this possibility, Wadden and his col-

leagues [34] randomly assigned patients to orlistat or placebo following a year

of treatment with orlistat, as depicted in figure 2. During the additional four

months of treatment there was no further weight loss. This result was a disap-

pointment, but additional studies are obviously needed before firm conclusions

can be made about combining therapies.
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Sympathomimetic Drugs That Reduce Food Intake

Pharmacology

The sympathomimetic drugs are grouped together because they can

increase blood pressure and, in part, act like NE. Drugs in this group work by a

variety of mechanisms including the release of NE from synaptic granules

(benzphetamine, phendimetrazine, phentermine, and diethylpropion), the

blockade of NE reuptake (mazindol), or blockade of reuptake of both NE and

5-HT (sibutramine). All of these drugs are absorbed orally and reach peak

blood concentrations within a short time. The half-life in blood is also short for

all except the two pharmacologically active metabolites of sibutramine, which

have a long half-life [1]. Although the two metabolites of sibutramine are

active, this is not true for the metabolites of other drugs in this group. Liver

metabolism inactivates a large fraction of these drugs before excretion. Side

effects include dry mouth, constipation, and insomnia. Food intake is sup-

pressed either by delaying the onset of a meal or by producing early satiety.

Sibutramine and mazindol have both been shown to increase thermogenesis

[28, 35–38].

Efficacy

The first generation of drugs in this class, phentermine, diethylpropion,

phenmetrazine and benzphetamine, are only approved for short-term use, and

only a few long-term clinical trials have been conducted on the first generation

of sympathomimetic drugs [1, 39–45]. The best and one of the longest of these

clinical trials lasted 36 weeks and compared placebo treatment against contin-

uous phentermine or intermittent phentermine [12]. Both continuous and inter-

mittent phentermine therapy produced more weight loss than did placebo. In

the drug-free periods the patients treated intermittently slowed their weight

loss, only to lose more rapidly when the drug was reinstituted. Phentermine is

prescribed most frequently in the United States, probably because it is inex-

pensive, since it is no longer protected by patents. Phentermine is not available

in Europe. A recent review in a prestigious journal [46] 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.

Sibutramine is the only second-generation drug that has been approved for

long-term treatment of obesity and for maintenance. It has been extensively

evaluated in several multi-center trials lasting 6–24 months [9, 47–59]. Several

long-term, randomized, placebo-controlled, double-blind clinical trials have

been 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.
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A number of conclusions about sibutramine can be drawn from the

Sibutramine Trial of Obesity Reduction and Maintenance (STORM Trial) [51],

but the effects of sibutramine in aiding weight maintenance are most persuasive

(fig. 3). Those patients who lost more than 5% during the first 6 months on sibu-

tramine 10mg/day (77% of enrolled patients met this goal) were randomized 2/3

to sibutramine and 1/3 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 [51]. 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 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 [55]. In this study, patients who had lost

2% or 2 kg after four weeks of treatment with sibutramine 15mg/day were

randomized to placebo vs. continuous sibutramine vs. sibutramine prescribed
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Fig. 3. Sibutramine Trial of Obesity Reduction and Maintenance (STORM) [51].

Patients were initially enrolled in an open-label fashion and treated with 10mg/day of sibu-

tramine for 6 months. Those who lost more than 5% were then randomized 2/3 to sibutramine

and 1/3 to placebo. Placebo-treated patients steadily regained weight, maintaining only 20%

of their weight loss at the end of the trial, while subjects treated with sibutramine maintained

their weight for 12 months and then regained an average of only 2 kg.
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intermittently (weeks 1–12, 19–30 and 37–48). Both sibutramine treatment

regimens gave equivalent results and were significantly better than placebo.

Stopping sibutramine results in small increases in weight, which is then

reversed when the medication is restarted. Four clinical trials with sibutramine

in patients with diabetes show a significant reduction in body weight and hemo-

globin A1c [55–57, 60].

Two trials have been reported using sibutramine to treat hypertensive patients

over one year [9, 59], and two additional studies provide data on 12 weeks of treat-

ment [61, 62]. In all instances, the weight loss pattern favors sibutramine.

However, except for one study [62], mean weight loss, though favorable, was asso-

ciated with mean blood pressure increases. In a three-month trial all patients were

receiving �-blockers with or without thiazides for their hypertension [61]. 

Since the dose of sibutramine influences the amount of weight loss with

the drug [47, 48], the intensity of the behavioral component is also likely to

have an effect. This is readily demonstrated in a study by Wadden et al. [63].

With minimal behavioral intervention, the weight loss in that study was about

5 kg over 12 months. When group counseling to produce behavior modification

was added to sibutramine the weight loss increased to 10 kg, and when a struc-

tured meal plan using meal replacements was added to the medication and

behavior plan, the weight loss increased further to 15 kg [63]. This indicates

that the amount of weight loss observed during pharmacotherapy is due in part

to the intensity of the behavioral approach.

Safety

The side effect profile for sympathomimetic drugs is similar [1]. They pro-

duce insomnia, dry mouth, asthenia, and constipation. The sympathomimetic

drugs phentermine, diethylpropion, benzphetamine and phendimetrazine have

very little abuse potential as assessed by the low rate of reinforcement when the

drugs are self-injected intravenously to test animals [1]. In this same paradigm,

neither phenylpropanolamine nor fenfluramine showed any reinforcing effects

and no clinical data show any abuse potential for either of these drugs. Sibu-

tramine, likewise, has no abuse potential [64], but it is nonetheless a scheduled

drug by the US Drug Enforcement Agency.

Drugs on the Horizon

Bupropion

Bupropion is a drug approved by the FDA for treatment of depression,

which produces weight loss [65]. It is a relative of diethylpropion, an approved

drug for treating obesity (see above). It probably acts through modulating
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the action of norepinephrine [65]. A 6-month randomized, double-blind placebo-

controlled trial [65] with a 6-month blinded extension where all patients received

active medication has compared two doses of bupropion against placebo (fig. 4).

Both doses of medication produced significantly more weight loss than placebo.

During the 6-month extension the weight loss was largely maintained.

Bupropion has not been given approval by the FDA for weight loss.

Topiramate

Topiramate is a neurotherapeutic agent approved for treatment of epilepsy,

both as monotherapy and in combination with other anti-epileptic drugs.

Topiramate is a carbonic anhydrase inhibitor that also affects the GABAA

receptor. In uncontrolled clinical studies the drug was noted to cause weight

loss [66]. Data from a 6-month placebo-controlled, double-blind randomized

dose-ranging clinical trial has been published [67] (fig. 5) and a number of

studies from the terminated 2-year trials have been presented in abstract form.

In the dose-ranging study, topiramate was titrated to final doses of 64, 96, 192

and 384mg/day. All 4 doses produced significantly greater weight loss than

placebo. The weight loss was similar with the two lower doses and with the two

higher doses. Higher doses were associated with an increasing number of neu-

rological side effects. In a 60-week trial, the lower dose of 96mg/day produced

nearly 9% weight loss. Higher doses of 192 and 256mg/day produced even

more weight loss of 12–13% (68). These effects exceed those of any other

monotherapy yet reported. In a trial where topiramate was introduced after an
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received active medication compared two doses of bupropion against placebo (fig. 6). Both

doses of medication produced significantly more weight loss than placebo.
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8-week period of weight loss on a low-calorie diet that produced an average of

10% weight loss, placebo treatment maintained therapeutic weight loss for 44

weeks, whereas doses of 96 and 192mg/day of topiramate produced further

weight loss of 16 to 18%. Topiramate lowered blood pressure, but not lipids.

Rimonabant

Endocannabinoids may be involved in the leptin pathway, which regulates

food intake. Rimonabant is a cannabinoid antagonist binding to CB1A receptors

[69]. It has been evaluated in yearlong trials as an anti-obesity drug and as a

drug to reduce smoking. Doses of 5 and 20mg/day were tested in both of trials.

During the 52 weeks of treatment, 20mg/day of rimonabant produced a 9 kg

weight loss compared to 4 kg with 5mg and 2 kg with placebo (fig. 6). The

therapeutic effect reached a maximum by 36 weeks and the therapeutic effect

was unaltered at 52 weeks. Of those treated with 20mg/d, 72.9% of those on

treatment lost more that 5 and 44.3% lost more than 10% of initial weight at

1 year. HDL-cholesterol increased more than 20% and triglycerides decreased

by more than 15% with the higher dose of rimonabant. Glucose and insulin

were also reduced and the number of patients with the metabolic syndrome as

defined by the Adult Treatment Panel III of the National Cholesterol Education

Program fell from 52.9% at baseline to 25.8% at 1 year in patients treated with

the 20mg/day dose of rimonabant. Rimonabant also reduced blood pressure in

association with the weight loss. In the anti-smoking study weight gain was 3.0kg
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ized dose-ranging clinical trial presented in abstract form, topiramate at doses of 64, 96, 192

and 184mg/day produced dose-related weight loss, but was also associated with dose-related

increases in the number of neurological side effects.



Drug Treatment of Obesity 93

in the placebo group compared to 0.7 kg in those treated with rimonabant

20mg/day. This reduced weight gain was associated with a 36.2% abstinence

rate compared with a 20.6% abstinence rate in the placebo group during the last

4 weeks of the 10-week treatment period.

Zonisamide

Zonisamide is a neurotherapeutic drug that is approved by the Food and

Drug Administration as treatment for epilepsy. One 16-week randomized,
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Fig. 6. Effect of zonisamide of weight loss. In this 16-week trial, zonisamide, an

anticonvulsant, produced significantly more weight loss than placebo [70].

Fig. 7. Effect of rimonabant on weight loss. In this 52-week trial, subjects received

placebo, or one of 2 doses of rimonabant. Weight loss had plateaued by 36 weeks [68].
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placebo-controlled clinical trial has been reported with this drug. Weight loss

was significantly greater than in the placebo treated group [70] (fig. 7).

Leptin

Leptin is a peptide produced almost exclusively in adipose tissue. Absence

of leptin produces massive obesity in mice (ob/ob) and in humans [71], and

treatment with this peptide decreases food intake in the ob/ob mouse and the

leptin-deficient human [72]. The diabetes mouse (db/db) and the fatty rat, which

have genetic defects in the leptin receptor, are also obese but they do not respond

to leptin. Leptin levels in the blood are highly correlated with body fat levels yet

obesity persists, suggesting that there may be leptin resistance. A dose-ranging

clinical trial with leptin has been reported [73]. In lean subjects treated for four

weeks and in obese subjects treated for 24 weeks there was a modest loss of

weight with doses ranging from 0.01 to 0.3mg/kg. The side effects of local irri-

tation at the site of injection limit the use of this preparation. A long-acting

leptin preparation may provide an improved way to use this drug [74].

Axokine

Axokine is 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 [75]. In a clinical trial for amyotrophic

lateral sclerosis, the drug was noted to reduce weight and a 3-month dose-

ranging study was conducted that demonstrated a significantly greater dose-

related weight loss in the drug-treated patients. In a dose-ranging clinical trial

CNTF produced a significant therapeutic response with weight loss of 3–5%.

Following termination of the drug, weight loss appeared to be maintained better

in the patients who got CNTF than in the placebo-treated group. The first half of

a 2-year randomized placebo-controlled trial was reported in April 2003. About

70% of the CNTF treated patients developed antibodies to the drug. Weight loss

of about 5% occurred prior to the development of antibodies, but once antibod-

ies appeared the drug appeared to lose its effectiveness on body weight.

Neuropeptide-Y

Neuropeptide-Y (NPY) is one of the most potent stimulators of food intake

and appears to act through NPY Y-5 and/or Y-1 receptors [1]. Antagonists to

these receptors might block NPY and thus decrease feeding. Several pharma-

ceutical companies are attempting to identify antagonists to NPY receptors [16].

Melanin Concentrating Hormone

Melanin concentrating hormone is found primarily in the lateral hypothal-

amic areas of the brain. When injected into the brain, it increases food intake.
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In transgenic mice that do not express MCH, there is modest weight loss.

Conversely, when mice overexpress this peptide, they become fatter. Thus,

antagonists to this peptide provide interesting potential agents for future evalu-

ation [76].

Cholecystokinin

Cholecystokinin (CCK) reduces food intake in human beings and in exper-

imental animals [1]. This effect does not require an intact hypothalamic feeding

control system but does appear to require an intact vagus nerve. Peptide analogs

have been developed and tested experimentally but clinical data have not yet

been published. A second strategy to modify CCK activity is to reduce the

degradation of CCK. This approach is likewise under evaluation.

Glucagon and Glucagon-Like Peptide-1 (GLP-1)

Pancreatic glucagon produces a dose-related decrease in food intake [1].

A fragment of glucagon (amino acids 6–29) called glucagon-like peptide-1

(GLP-1) reduced food intake when given either peripherally [77] or into the

brain. Exendin, an analog of GLP-1, has been used in humans since infusion of

GLP-1 in humans reduces food intake [78].

Pramlintide

Pramlintide, an analog of amylin, is in clinical trial for diabetes. There is

modest weight loss in these clinical trials and more are planned.

Melanocortin Receptors

Mice whose melanocortin-4 receptor has been genetically disabled become

markedly obese. In one clinical trial, subjects took intranasal doses of MSH/

ACTH4–10 twice daily for 6 weeks. Placebo treatment produced no changes in

body fat, but those received MSH/ACHT4–10 lost 1.68kg body fat (p � 0.05) and

0.79kg body weight (p � 0.001) [79]. These findings suggest that MC-4 recep-

tor agonists might be useful in treatment obesity.

Ephedrine and Caffeine

Pharmacology

Ephedrine is a derivative of phenylpropanolamine and is used to relax

bronchial smooth muscles in patients with asthma. It also stimulates thermoge-

nesis in human subjects [80, 81]. Caffeine is a xanthine that inhibits adenosine

receptors and phosphodiesterase. In experimental animals the combination of

ephedrine and caffeine reduces body weight, probably through stimulation of

thermogenesis and a reduction in food intake [1].
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Efficacy

One long-term placebo-controlled clinical trial enrolled 180 patients

treated with ephedrine, caffeine, or the combination of ephedrine and caffeine

[82]. Patients treated with the combination of ephedrine and caffeine lost more

weight than did patients treated with ephedrine alone, caffeine alone or placebo

(fig. 8). In a six-month open-label extension, subjects who completed the ini-

tial trial were offered additional treatment with ephedrine and caffeine. Nearly

two-thirds of the group opted for this treatment and were able to maintain their

initial weight loss for the next six months. No other long-term data are avail-

able using ephedrine and caffeine. During controlled metabolic studies, patients

treated with ephedrine and caffeine lost less lean tissue than did those in the

placebo-treated group. Using the changes in body composition from these stud-

ies, Astrup et al. [81] have estimated the contribution of thermogenesis and

food intake to the weight loss. They concluded that 60–75% of the weight loss

was due to a decrease in food intake and 25–40% was due to the thermogenic

effects of ephedrine and caffeine.

Safety

Although caffeine and ephedrine have a long record of clinical use separately,

neither drug alone nor the combination is approved for treatment of obesity.
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Fig. 8. Effect of ephedrine and caffeine on weight loss and weight maintenance for

1 year [14]. A total of 180 patients were randomly assigned to 4 groups that were then

treated in a double-blind fashion for 6 months and with an open-label protocol for another

6 months. The weight losses in the groups receiving placebo, ephedrine alone, and caffeine

alone were not significantly different and were smaller than in the group receiving the com-

bination of ephedrine and caffeine. During the 6-month open-label study when those who

wished to received ephedrine and caffeine, weight loss was maintained with no significant

difference between groups.
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The US Food and Drug Administration has withdrawn herbal preparations con-

taining ephedra (a herbal form of ephedrine) from the market because of concerns

about increased risks to health.

Conclusion

At present only two drugs are approved for long-term treatment of obesity.

Sibutramine inhibits the re-uptake of serotonin and norepinephrine. In clinical

trials it produces a dose-dependent 5–10% decrease in body weight. Its side

effects include the dry mouth, insomnia, asthenia, and constipation. In addition,

in clinical trials, sibutramine produces a small mean increase in blood pressure

and pulse that mandates attention to blood pressure 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 reduc-

tion of serum cholesterol that averages about 5% more than can be accounted for

by weight loss alone. In clinical trials it produces a 5–10% 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 bed-

time is a reasonable treatment strategy when orlistat is prescribed. All medica-

tions currently available for obesity management should be used as adjuncts to

dietary and physical activity approaches to weight management. Patients who

meet prescribing guidelines (BMI �30 or �27 with a cormorbid condition) and

who are motivated to undertake concurrent lifestyle change may receive health

benefits from the additional weight loss that accompanies medication use.
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In recent years, obesity surgery (� bariatric surgery, from baros (greek) �

weight, heaviness) has emerged from being the interest of only few surgeons to

a well-recognized surgical speciality. This development was driven by the

increasing prevalence of obesity which has reached epidemic dimensions in

Western countries and by the introduction of new techniques, especially laparo-

scopic surgical procedures. The burden for our societies rising from the harm

and cost caused by obesity-associated comorbidities has forced us to find effi-

cient medical treatment. Since conservative treatment strategies have mostly

failed in the long term, obesity surgery has become one of the most promising

options to treat this threatening social and economic catastrophe. The NIH

consensus conference in 1996 concluded that surgical therapy offers the best

long-term approach to treat morbid obesity and is probably the most effective

therapy to cure type 2 diabetes [1, 2].

Obesity surgery is currently one of the most frequently performed surgical

procedures in the US and Europe. The American Society of Bariatric Surgeons

announced about 16,000 operations in the early 1990s and 103,000 procedures

for the year 2003 [3]. Over the last four decades many different surgical

techniques with various modifications have been published and named after

the first-describing author. All procedures are based on the following three

concepts:

(a) Restrictive surgery acts through a reduction of food intake by creating a

small gastric reservoir and a narrow gastric outlet (e.g. vertical-banded

gastroplasty or laparoscopic gastric banding).

(b) The malabsorptive procedure causes weight loss through restriction of

nutritional absorption by reduced mucosal surface and shorter intestinal

transit time (e.g. biliopancreatic diversion or duodenal switch).

(c) Mixed procedures combine both mechanisms (e.g. gastric bypass).
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Each technique is associated with different outcomes and most impor-

tantly with treatment-specific short- and long-term complications. Therefore, it

is essential for any surgical or nonsurgical speciality to understand which

procedure is performed in an individual patient. The aim of this chapter is to

discuss the most important and most commonly performed procedures with

special emphasis on outcome and potential complications.

Epidemiology

Obesity is a growing health problem in many industrialized countries

reaching epidemic proportions in Europe and the US [4]. One in five Americans

has a BMI above 30 and 2.3% above 40 [5]. About 300,000 people per year die

of causes related to their being overweight [6]. This proportion has only been

exceeded by smoking. In 2003, approximately USD 3 billion was spent for

bariatric surgical procedures. The situation in Europe is becoming comparable

[7]. Not only is the adult population overweight, but also more and more chil-

dren are above their ideal weight, e.g. 24% of 10-year-old boys in Switzerland

and up to 30% in Italy are overweight [8]. This development is frightening

since these overweight children have a high risk of becoming obese also as

adults, with lesser chances for employment and social acceptance and signi-

ficant health problems. These developments imply that the epidemic has just

begun and future concepts are urgently needed to cope with this important

issue.

History of Obesity Surgery

Obesity surgery was discovered as a result of gastric ulcer surgery when

surgeons realized that patients after subtotal gastrectomy or after shortened gut

lost weight. The first attempts in obesity surgery were made in the 1950s with

the jejuno-ileal bypass procedures, where a significant part of the small bowel

was bypassed and left in a blind loop. These procedures resulted in an excellent

weight loss, but were associated with severe long-term complications such

as electrolyte imbalance, nephrolithiasis, blind loop syndrome and cirrhosis

[9, 10]. For many physicians the term ‘bypass surgery’ is still flawed with this

unfavorable experience. This procedure has become obsolete and is not compa-

rable with the current type of ‘bypass surgery’. In 1966, Mason and Ito [11]

developed the first gastric bypass, where a small gastric reservoir, so-called
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pouch, was created that was anastomosed to a jejunal loop. Afterwards, several

modifications were developed [12, 13]. In 1977, a Roux-en-Y construction

instead of a loop anastomosis was suggested [14]. This modification had the

advantage of less anastomotic tension and no bile reflux through the stomach

(fig. 2). With a Roux-en-Y construction, the option of variation of the limb

length was possible and therefore the restrictive procedures were supple-

mented with a variable malabsorptive component (fig. 2). Randomized

controlled trials have demonstrated that weight loss after gastric bypass

procedure was comparable with that after jejuno-ileal bypass [14]. Therefore,

the gastric bypass became the gold standard in bariatric surgery in the US for

many years. In 1980, the vertical banded gastroplasty was developed as a

purely restrictive procedure [15]. Weight reduction was achieved through a

decrease of food intake by a small gastric reservoir and a small gastric outlet.

Patients experienced satiety by the distension of the gastric pouch. The

major advantage of this procedure was the intact passage through the whole

intestinal tract.

With the rise of laparoscopic procedures, a new technique, purely restric-

tive as well, was developed in the 1990s in Europe, the so-called gastric band-

ing [16]. The gastric banding neither cut nor stapled the stomach. In contrast to

all other bariatric techniques, the diameter of the pouch outlet was adjustable

through a port, which was placed in the subcutaneous tissue. In 1993, first

reports demonstrated that this procedure was laparoscopically feasible [17, 18].

Since that time, gastric banding experienced a real boom in bariatric surgery

because this procedure was simple, potentially fully reversible, effective, and

easy to learn. However, due to the lack of long-term experience, laparoscopic

gastric banding only got the FDA’s approval in the US in the late 1990s.

Therefore, most of the literature on long-term efficiency of gastric banding

comes from Europe [17–24], whereas most bypass series are published from

centers in the US [11, 25–32].

In addition to gastric bypass surgery, other purely malabsorbtive proce-

dures were developed. These procedures originate from the jejuno-ileal bypass

but with the important modification that no intestinal limb was without flow.

The two most promising procedures were the biliopancreatic diversion by

Scopinaro et al. [33] and the duodenal switch operation by Marceau et al. [34]

altered to its current modification by Hess and Hess [31].

The latest revolution was the introduction of laparoscopic techniques in

the late 1990s, which helped to promote this surgical treatment successfully.

Nowadays, bariatric surgery is mainly performed by minimally invasive access

surgery, with the advantage of better patient comfort and less wound complica-

tions [32, 35–42]. Open surgery should now be limited only to difficult revi-

sional surgery.
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Surgical Techniques

Indication and Selection of Patients

Patient selection and choosing the right procedure should always be

assessed by an interdisciplinary team, considering all the possible questions

and problems of the individual patient. This is additionally requested by many

insurance companies [43].

The National Institutes of Health Consensus Development Conference on

Gastrointestinal Surgery for Severe Obesity 1991 recommends [44–46]:

(1) Patients seeking therapy for severe obesity for the first time should be

considered for treatment in a non-surgical program with integrated com-

ponents of a dietary regimen, appropriate exercise, and behavioral modifi-

cation and support. 

(2) Gastric restrictive or bypass procedures could be considered for well-

informed and motivated patients with acceptable operative risks. 

(3) Patients who are candidates for surgical procedures should be selected

carefully after evaluation by a multidisciplinary team with medical, surgi-

cal, psychiatric, and nutritional expertise. 

(4) The operation should be performed by a surgeon substantially experienced

with the appropriate procedures and working in a clinical setting with ade-

quate support for all aspects of management and assessment. 

(5) Lifelong medical surveillance after surgical therapy is a necessity.

The indications for bariatric surgery in adults (age �18 years) are

well defined and are currently in most Western countries as follows [43–46;

www.asbs.org]:

– BMI �40

or

– BMI �35 with significant co-morbidities, e.g. cardiac disease, diabetes

mellitus type 2, obstructive sleep apnea, hypertension, dyslipidemia, gastro-

esophageal reflux disease, stress urinary incontinence, arthritis of the

weight bearing joints, infertility

and

– (multiple) failure of dietary attempts at weight control.

Unfortunately, up to now there is only little evidence to select the best

type of surgery for a specific patient. Often, the choice of procedure is driven

by the surgeon’s skills and local tradition (US vs. Europe) rather than by

scientific evidence. However, there is some evidence that purely restric-

tive procedures should not be offered to patients with a BMI �50, since

they might not lose enough weight to have a sufficient benefit from the proce-

dure [47].
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Patients with a BMI �50 might benefit from a less-invasive restrictive

procedure such as gastric banding. Exclusion criteria for purely restrictive pro-

cedures are binge eating disorder, insufficient lower esophageal sphincter

or esophageal dysmotility assessed by video fluoroscopic and manometric

studies.

Patients who meet these exclusion criteria should be better treated with a

mixed or purely malabsorbtive procedure such as gastric bypass or biliopancre-

atic diversion/duodenal switch procedure, respectively.

Furthermore, it has been shown that gastric bypass and duodenal switch

procedures have a much better effect on the control of type 2 diabetes [2, 48].

Therefore, these operations are especially suitable for those with a BMI even

lower than 50, and diabetes.

Surgical Technique

Patients are positioned in a 45� angle in a half-sitting position (beach-chair

position). The pneumoperitoneum is applied by a closed Verress needle approach

and 5–6 trokars are usually inserted.

Laparoscopic Gastric Banding (fig. 1)

In this procedure, a tunnel behind the cardia of the stomach is created after

calibration of the small gastric pouch of 15–25ml. Afterwards, the band is

positioned around the stomach through the created tunnel and locked. On the

anterior wall the band is covered with a fundic wrap which is fixed with several

nonabsorbable sutures to avoid gastric herniation. On the posterior side the

band is fixed by surrounding tissue. The band is connected to a reservoir which

is placed in the subcutaneous tissue enabling later diameter adjustment of the

band. The day after surgery, GastrographineTM examination is routinely per-

formed to document the correct band position and to detect gastric leakage.

Thereafter, the patient is started on a fluid diet which is steadily increased to

normal food over the next 2–3 weeks. Patients are usually discharged on the

first postoperative day. Four to six weeks after surgery the band is inflated for

the first time.

Laparoscopic Gastric Bypass (fig. 2)

The first step is the creation of a small gastric pouch by transecting the

stomach with a stapler. Thereafter, the jejunum is transected 50 cm distal to the

duodeno-jejunal flexure. The distal jejunum is brought up in an antecolic position

to the pouch and anastomosed with a 25-mm diameter circular stapler. The

jejuno-jejunostomy is constructed as a Roux-en-Y limb. The alimentary limb is

150 cm for a ‘long limb’gastric bypass and 75 cm for a ‘short limb’gastric bypass

[30]. A distal gastric bypass is defined when the level of the jejuno-jejunostomy
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results in a common channel length of 100 cm [49]. Patients start with liquid diet

after a Gastrographine™ swallow examination on the third postoperative day has

excluded leakage. Patients are usually discharged 5 days after surgery.

Biliopancreatic Diversion/Duodenal Switch (fig. 3)

A tube-like stomach with a volume of about 250ml is created by resecting

the greater curvature. The duodenum is transected distal to the pylorus. The small

intestine is divided 250 cm prior to the ileocecal valve and the distal part is

anastomosed to the postpyloric duodenum. The proximal small intestine is reanas-

tomosed to the distal ileum 100 cm from the ileocecal valve as a Roux-en-Y

construction.

The biliopancreatic diversion after Scopinaro follows the same principal;

however, in this technique the stomach is dissected horizontally, the distal stom-

ach is totally removed and the common channel is shortened to 50 cm. Of note,

in both procedures the reduction of the gastric volume does not lead to a food

restriction but to a reduction of acid-producing parietal cells to avoid anasto-

motic ulcers. The early postoperative follow-up of both procedures is similar to

that of a bypass procedure. However, the malabsorbtive nature of this procedure

requires a careful long-term follow-up to control vitamin (especially vitamin B

p

Fig. 1. Laparoscopic gastric banding procedure with a proximal pouch (p). The sub-

cutaneous reservoir allows one to adjust the diameter of the stoma between the pouch and

the remnant stomach.
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complexes) and mineral levels (especially ferrum and calcium) and it requires

a good patient compliance.

Mechanism and Outcome of the Different Procedures

The laparoscopic gastric banding procedure leads to a restriction of food

intake. The average patient loses 40–60% of the excess weight within 2 years after

surgery. This corresponds to a BMI reduction by 10–12 points [19–22, 50, 51].

p

a

b

c

Fig. 2. The proximal gastric bypass consists of a small pouch (p) of about 25ml to

which the alimentary limb (a) of 150 cm is connected. The biliary limb (b) that measures

50 cm is connected to the alimentary limb as a Roux-en-Y construction. The length of the

common channel (c) is variable. The distal gastric bypass has a common channel length of

100 cm and the alimentary limb is variable.



Surgical Treatment of Morbid Obesity 109

However, experience in laparoscopic gastric banding has shown a high rate of

long-term failures and complications. For example, band erosions, band slip-

pages and esophageal dilatation have been reported in 15–58% [19, 23, 52, 53].

In the long-term, pouch dilatations and esophageal dysmotility occur in up to

40% [24; Weber et al., unpubl. data] and can lead to failure of the system requir-

ing a redo operation in up to 20% [54, 55].

The gastric bypass procedure generates a moderate restriction of the food

intake in combination with malabsorbtive mechanisms. The food in the alimen-

tary limb is separated from the digestive juices (produced by pancreas and

a

b

c

Fig. 3. In the duodenal switch operation the greater curvature of the stomach is

resected and the volume of the gastric remnant is 250–300ml. The alimentary limb (a) is

anastomosed to the proximal duodenum and measures 150 cm. The biliary limb (b) is vari-

able and the common channel (c) has a length of 100 cm.
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liver), which is transported by the biliary limb. Both, food and digestive juices

including bile are merged in the common channel where full digestion and

absorption occurs. Additionally, the gastric bypass induces a suppression of

gastrointestinal hormones, such as plasma ghrelin [56]. Moreover, thus far

unknown mechanisms produce a dramatic improvement of diabetes, even

before other significant weight reduction [2, 57].

Patients after gastric bypass lose 69–77% of their excess weight within 24

months [26, 28, 29, 58]. In a distal gastric bypass with a more distal level of the

jejuno-jejunostomy, weight loss can even amount up to 90% of the excess

weight [49]. Patients often suffer on vitamin B12 and iron deficiency after gas-

tric bypass. Therefore, careful follow-up is mandatory to ensure adequate vita-

min B12 and iron levels following supplementary therapy.

Studies comparing bypass versus banding procedures have demonstrated

that bypass procedures are superior to gastric banding in terms of weight loss

and correction of hypertension and type 2 diabetes [59, 60; Weber et al., unpubl.

data]. Bypass procedures are associated with more early complications, while

gastric banding has more late complications which require re-operations, mostly

a conversion to gastric bypass [Weber et al., unpubl. data]. Recent data on large

series with laparoscopic gastric bypass surgery report a perioperative mortality

rate of 0.5% [25, 28] compared to 0.05% for laparoscopic gastric banding [37].

The biliopancreatic diversion/duodenal switch operation acts through mal-

absorbtive mechanisms similar to the gastric bypass. Patients have almost no

restriction of food intake [61]. The procedure has similar perioperative morbidity

rates in comparison to gastric bypass. The reduction of excess weight by 64–74%

is also comparable to gastric bypass procedures [27, 31, 62]. On the other hand,

patients with biliopancreatic diversion usually pass 3–4 stools per day. Diarrhea

is observed in up to 14% and up to 43% of the patients report unpleasant odor of

stools and flatus as a major problem [27]. Equivalent to the gastric bypass proce-

dure, comorbidities are influenced in a positive manner, when type 2 diabetes

disappears and hypertension as well as other comorbidities decrease significantly.

Secondary Procedures

The increased numbers of performed bariatric operations (�103,000 per

year in 2003!) [3] will also result in an increase of complications which may

require surgical revisions or secondary procedures. As more than 70,000

patients have received a gastric banding procedure over the past decade world-

wide, it can be predicted that we will see many patients requiring rescue proce-

dures like conversion to gastric bypass [23].

Pouch complications including band slippage are the most common rea-

sons for failure of a gastric banding procedure. The theoretic options to treat

this failure are removal or reposition of the band [53, 63] or conversion to
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another bariatric procedure [54]. Enlarged concentric pouches or eccentric

pouches [24, 64] due to band slippage can lead to an acute gastric obstruction.

This condition can be an indication for an emergency operation especially

when the patient suffers from continuous abdominal pain accompanied by

tachycardia, tachypnea, or fever. These dangerous symptoms might indicate

gastric necrosis of the slipped stomach [65]. Simple removal of the silicone

band without replacement usually corrects the slippage-related complications,

but it is associated with rapid recurrence or persistence of obesity.

Laparoscopic gastric band repositioning or rebanding have been described

as possible rescue procedures. However, only few data regarding these proce-

dures are published, and show disappointing results [54, 63].

Gastric rebanding is an option for patients with successful and stable

weight loss after banding [66] unless there are new contraindications for this

restrictive procedure such as esophageal dysmotility or reflux. If a purely

restrictive procedure failed, it should not be repeated [54].

The laparoscopic or open conversion to a gastric bypass has also been pro-

posed to enable effective control of obesity [55, 67], especially in the light of

the above-mentioned contraindications for a rebanding procedure [23, 68].

The conversion to a bypass is a very challenging operation that can be per-

formed laparoscopically. It has been shown that rebanding is inferior to con-

version to a bypass procedure in terms of weight loss (within 2 years after

secondary surgery) [54].

It is very rare that a previous bypass procedure leads to a re-operation due

to insufficient weight loss. However, in those cases with insufficient weight

loss the size of the proximal gastric pouch has to be re-evaluated firstly. An

enlarged pouch can be reduced laparoscopically to restore the restrictive effect

of the gastric bypass. In case of a correct pouch size, the enhancement of the

malabsorbtive effect by shortening of the common channel laparoscopically

should be considered [49, 69]. On the other hand, if patients lose too much

weight with severe vitamin and iron deficiencies it is possible to lengthen the

common channel to increase the absorptive surface of the bowel.

Psychological Aspect from the Surgeon’s Point of View

Morbid obese patients have a higher prevalence of mental disorders, espe-

cially eating disorders (e.g. 27–65% binge eating disorder) [70], see also chapter

on the epidemiology of binge eating disorder by Hilbert [this vol., pp. 149–164].

Furthermore, the prevalence of psychological problems is also higher compared

to the normal weight population [71–74]. However, many of these mental disor-

ders are due to reactive depression, which is a result of the overweight [71].
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The psychological aspects are important for surgeons regarding the indi-

cation for obesity surgery, choice of procedure and follow-up. Patients with

personality disorders seem to have different grades of success if they are con-

fronted with conservative or operative treatment [75]. It has been shown that

surgical procedures can positively influence eating disorders [76]. However,

patients have to be in stable psychological conditions to be enrolled (or

included) into a surgical bariatric program. Patients with anxiety and high psy-

chological stress scales in the Psychosocial Stress and Symptom Questionnaire

(PSSQ) should not be excluded from bariatric surgery. This is supported by a

study [77], where patients with preoperative high stress scales preoperatively

decreased their values after bariatric surgery whereas patients who were

rejected or withdrew their consent maintained high stress values and showed a

worse outcome with significantly more consultations of physicians.

Even patients with severe mental disorders such as psychotic episodes

experience an improvement of their psychological well-being after successful

bariatric surgery as long as a caring psychiatrist supports the surgical treatment

[78–80]. Therefore, patients with stable psychiatric disease can be treated with

a bariatric procedure. However, the type of procedure may be influenced by the

psychological disorders since some eating disorders, such as binge eating dis-

orders, are not good indications for a purely restrictive procedure. Binge eaters

do not realize their satiety and therefore use their esophagus as a reservoir lead-

ing to long-term esophageal damage [54]. On the other hand, some authors

believe that binge eating disorders can disappear after bypass surgery [81].

Outlook

The ongoing epidemic development of obesity is a great challenge for the

society at the present as well as in the future. Surgeons and physicians have to

develop concepts to cope with the increasing number of obese patients. This is

not only restricted to health problems but also has a great impact on society.

Concepts have to be developed to keep the manpower of these individuals and

to minimize costs of the national health services.

Obesity surgery is not yet fully accepted by many members of society.

This has to change since morbidity and costs arising from obesity reach the

same proportions as cancer and cardiovascular disease in modern societies.

Future concepts might even include specialized institutions that manage

obesity in an interdisciplinary approach. It is our strong belief that the involve-

ment of each specialist is of paramount importance.

Psychological evaluation is already an essential part of the preoperative

work-up. This allows us to identify patients who are at risk for decompensation
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who could be enrolled into accompanying psychotherapy. More work will have to

be done finding the patient who will profit best from a purely restrictive proce-

dure and supporting the patient to cope with the infinity of the bypass procedure.

To select the best approach for the individual patient will be one of the

focuses of future surgical research. Although obesity surgery is expanding dra-

matically, many of the procedures are not yet standardized (e.g. limb length of

gastric bypass) and procedures are not yet compared to each other in a ran-

domized controlled trial. Bariatric procedures themselves differ very much

from center to center and even among surgeons. Gold standards will have to be

established and indications have to be more tailored to the individual patient

and should not depend on the technical skills of the surgeon.

Surgeons will have to manage more late complications and secondary fail-

ures of first procedures. Plastic surgeons will have to deal with the sequelae of

extensive weight loss.

Many of the principles of bariatric surgical procedures are not yet under-

stood, enterohumoral and central nervous feedback mechanisms are still

unknown. Future research on this issue should help for the individual selection

of the surgical bariatric procedure. Whether bariatric surgical procedures will

be extended for purely co-morbidity-related indications such as diabetes melli-

tus [82] without the presence of obesity will be discussed.

Furthermore, physicians and surgeons have to take obesity in childhood

seriously since there is a dramatic increase of prevalence in most western coun-

tries. Conservative treatment concepts often fail in children as in adults in the

long term [83]. Therefore, surgical concepts in adolescence will emerge and

might even have a greater potential since eating habits are not fully developed

in these individuals [84, 85].

Finally the reimbursement of surgical therapies has to be re-evaluated. Costs

of surgical procedures have to be balanced in terms of long-term cost of threat-

ening co-morbidities such as coronary heart disease or diabetes. Unfortunately,

the increasing cost pressure forces health insurance companies to be more and

more restrictive. This results in incoherent decision-making and in some cases

even in discrimination of obese patients by withholding them from adequate

surgical treatment.
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Childhood and adolescent obesity has increased dramatically over the past

25 years. The prevalence of overweight doubled among children 6–11 years of

age and tripled among those 12–17 years of age. Approximately 26–31% of

American children and about 14–22% of European children are overweight,

when overweight is defined by the NHES as the 85th percentile of BMI [1].

Taking the 95th percentile of BMI, about 9–13% of the children are obese [1, 2].

The prevalence of obesity among children has never reached before such epi-

demic proportions as today [3].

Overweight in childhood can no longer be considered a benign condition

or one related only to appearance. Pediatric obesity increases the risk of adult

obesity [4] and, long-standing obesity is associated with health risks in adults

[5]. Furthermore, childhood obesity is associated with health complications,

including elevated blood pressure, hyperinsulinemia and glucose intolerance,

and respiratory abnormalities [3, 6]. The effects of childhood obesity on morbid-

ity and mortality suggest that effective prevention and intervention for childhood

obesity is recommended.

For decades now ‘going on a diet’ is considered the ultimate solution to

lose excess weight. Unfortunately, time and again it turns out that weight is

regained after the dietary treatment period and that people sometimes weigh

more than before [7]. Moreover, going on a diet is believed to have harmful

side effects, such as an increased risk of developing binge eating and disorders

in the regulation of the basal metabolism [8]. Scientific research came to the

conclusion that there is no proper treatment method for obese adults today and

that there are only a few ‘promising’ treatment goals [7]: (1) aiming at weight

management instead of weight loss, with a maximum of 10% weight loss

allowed; (2) establishing a healthy lifestyle, which implies a more favorable

prognosis with respect to the prevention of diseases, and (3) the prevention of

overweight, e.g. through early intervention in obese children.
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In order to be able to give a good idea of the treatment of childhood obe-

sity, this chapter will successively deal with the biological and psychological

models to explain for the onset of child obesity, therapy indications and the cur-

rent treatment.

Onset of Childhood Obesity: The Biological Model

There is a clear consensus about the etiology of obesity and the mecha-

nism of the development of obesity is identical in children and in adults.

Obesity refers to an excess accumulation of body fat as a result of an imbalance

between energy intake and energy expenditure [9]. When the energy intake

exceeds the physical requirements, the excess energy is in some people converted

into fat, which may in time produce fat reserves and lead to obesity.

The causes of a disturbed balance in overweight people are multifactorial,

with changes in energy intake and expenditure related to both subtle and obvi-

ous movements in societal behavioral habits. US studies show positive correla-

tion between television viewing and overweight [10]. Energy expenditure has

been reduced by an increase in sedentary activities, a decrease in the need to

expend energy in daily routines, and an increase in the use of cars and other

forms of transport. On a related level, the safety of the environment can encour-

age or discourage a child from being physically active [11]. Furthermore, food

is now more attractive, promoted and simply obtained. Especially energy-dense

foods are plentiful and relatively inexpensive. These factors may be especially

pertinent for families living in lower socio-economic strata, where limited

financial constraints may favor purchasing less expensive yet more fattening

foods. However, dietary intake during childhood is difficult to measure and its

predictive value for adiposity is unclear [12].

To attribute obesity solely to eating habits or low levels of exercises, would

be a gross generalization. Studies with twins and adopted children demon-

strated that there is a genetic ‘susceptibility’ to developing obesity. The genetic

factors have recently received much attention in medical circles as well as in

the lay press after the discovery of the leptin gene. At the moment already

dozens of gene fractions have been found, which all together can account for up

to 30% of the variance [13, 14]. The more obese gene fractions you have, the

greater the chance of developing obesity. This partial clarification of the genetic

factors that influence the development of overweight has so far not led to ther-

apeutic options. In view of the diversity of the genetic factors, it is not very

likely that this will change in the near future. The geneticist Bouchard also indi-

cates that overweight can only be revealed if someone is put in a situation of

personal overfeeding for some time. This is hopeful for the treatment of childhood
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obesity: it is mainly a question of searching, together with the patient, a balance

between energy intake and energy expenditure and in this way preventing fur-

ther overfeeding.

Psychological Explanations for the Onset of 

Childhood Obesity

Psychological explanation models are still subject of discussion. Research

should first and foremost focus on contextual factors with respect to eating

behavior [7].

The externality theory persisted for a long time [15]. According to this

model, obese children have an increased responsiveness to food and this is seen

as the consequence of a personality trait, called ‘externality’. A typical study

from the seventies is the experiment of Rodin and Slochower [16] with 107

girls between the ages of 9 and 15. In a holiday camp there was plenty of food

for 8 weeks. The children were allowed to eat without restraint to their heart’s

content. The girls that scored high for ‘externality’ afterwards clearly appeared

to have gained more weight than the other girls. The externality hypothesis was

subject to severe criticism. With respect to obesity, it did not sufficiently

demonstrate universality or the causal relationship.

Behavior therapy put forward the assumption that obese people have

developed bad eating habits, such as eating in the car, in front of the television,

at work, when feeling alone. Consequently, too many situations are associated

with ‘eating’, which could explain the susceptibility of obese children to external

food factors. The treatment resulting from this assumption consists in learning

techniques derived from self-regulation exercises, such as restriction of the

number of eating situations.

Meanwhile, Schlundt et al. [17] demonstrated that obese people can display

at least 5 different eating behaviors over a period of 2 weeks, i.e. healthy eating

habits, strict food restraint, dietary behavior alternated with binge eating, emo-

tional eating and unrestricted overeating. So, eating behavior is more complex

than initially thought and each of these eating patterns is now still subject of

research.

Emotional eating is not studied extensively, although recent work by

Goodman and Whitaker [18] showed that depressive mood predicted obesity at

follow-up, after controlling for other variables. Braet and Van Strien [19]

already demonstrated a positive correlation between emotional eating and over-

weight in obese children and Pine et al. [20] found in a longitudinal study a sig-

nificant relationship between psychiatric problems and subsequent increased

BMI in young adulthood, especially in females.
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The boundary model of Herman and Polivy [21] was brought forward as

an explanation model for ‘overeating’ in adults and recently in children as well.

On the basis of observations and experimental research, this model describes

that it is impossible to constantly maintain a diet and that this at times

inevitably leads to a relapse in the form of an uncontrolled binge-eating

episode. In this model, it is further assumed that people that are frequently on

a diet have moved their biological limits with respect to hunger and satiety and

have replaced them by a cognitive dietary limit. The chance of failure increases

as the diet is stricter or if one is emotional, since the imposed self-regulation is

then more and more put to the test. This would mean that overweight people

that are on a diet will paradoxically have increasingly more problems with

‘overeating’. Although this model mainly holds out in explanation of bulimia

nervosa [22], it is assumed that it can explain also the eating problems of some

obese people [23].

More and more obese people appear to form a heterogeneous group. This

heterogeneity has implications for the treatment: It seems, for example, wise to

distinguish between obese people that do/do not suffer from binge eating (the

so-called binge eaters), those that are/are not on a diet (the restrainers) and those

that indulge/do not indulge in emotional eating, in adults as well as in children

[24]. Anyway, it also seems advisable not to put children on a strict diet.

The role of the parents and the family in the development and maintenance

of the eating habits of children still has to be investigated further. Very useful

in this respect are the findings of Leann Birch. Food is often used by parents to

reinforce desired or undesired behavior. Parents rewarding their children with

sweets increase the attractiveness of sweets in general [25]. Several studies also

indicated that parents can encourage their children to eat [26]. Especially eating

‘more’ and ‘longer’ can be learned in this way. Without parental intervention,

the chance that a toddler eats is about 1 of 2; with parental intervention this

chance increases to 3 of 4. Specific interactions between parents and children

also explain other forms of learned behavior such as always finishing one’s

plate, asking for a second portion because one wants to be a big girl or boy, etc.

Although it seems reasonable to assume that the eating style of obese children

is the result of former reinforcing processes during family meals, only recently

studies in obese children emerge. Drucker et al. [27] showed that mothers influ-

ence their child’s eating behavior; the rates of food offers and total prompts

were significantly related to the child’s rate of calorie intake, and the time spent

eating by the child. Furthermore, Leasle et al. [28] demonstrated that obese

children indeed ate faster and with larger bites during a standardized experi-

mental meal in their laboratory, only when the mother was present.

Finally, delay of the fulfilment of one’s needs, tolerance of hunger, dealing

with frustrations and resistance against food persuaders are self-regulation
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skills that are gradually acquired through education and learning. Within this

context, permanent eating may also be considered as a behavior deficit, not

(yet) having learned good eating habits. In some obese children, the lack of

control over food may be situated within a general lack of self-regulation skills.

The parents of these children often find it difficult to set clear limits and to

make concrete arrangements with their child. In such cases, the treatment for

overweight necessarily implies acting on the parenting skills.

Psychological Consequences of Obesity

Obese people are, on the basis of their appearance, stigmatized as being

unattractive, stupid, lazy or unfriendly [29]. Moreover, the environment often

considers obese people as being fully responsible for their condition [30],

which provokes antipathy with others [31]. As a consequence, obese youngsters

often have fewer friends, which can interfere with the development of their

social skills [3]. Another implication is the fact that obese children are often

considered as being more mature than they really are, which can lead to feel-

ings of not being able to come up to the expectations of the environment [3].

Several studies examined whether and how the above-mentioned conse-

quences can influence the self-perception of obese youngsters. Dietz [3] con-

cludes that younger obese children still have positive self-perceptions. The

development of their self-concept is merely based upon the feedback of their

parents. Older children, on the other hand, for whom peers and society become

more important, have more chance of developing negative self-perceptions.

Here, several authors [32–34] state that, on the basis of a multidimensional

model of the self-concept, especially those components of the self-perception

related to overweight and to social interactions become negatively influenced.

Overweight during adolescence has been related to concerns about shape

and eating [35, 36]. Especially obese children presenting for a treatment of

obesity, display a higher prevalence of psychological problems than obese chil-

dren not seeking treatment [32]. The children that seek treatment show a lower

self-esteem and more general psychopathology. In a study assessing child func-

tioning, approximately half of the sample of the children, presenting for a

weight loss treatment, were found to have elevated scores on at least one scale

of the Child Behavior Checklist [37], which means: more emotional and behav-

ioral problems, more depression.

The psychological burden for children with enduring overweight is signif-

icant and can lead to depression and social isolation [38, 39]. Body-related stig-

mata influence the social interactions between people. Consequently, obese

persons are less loved, are often neglected, laughed at or teased [29]. This can
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affect other domains of their lives as well. Once they become young adults,

obese people seem to receive less higher education, earn less money and marry

to a lesser extent [40, 41].

Berkowitz et al. [42] observed symptoms of binge eating in about 30% of

adolescent obese girls who sought weight reduction. Similar findings were

found by Decaluwé et al. [43]. Obese children and adolescents who report

binge eating show higher levels of eating pathology and lower self-esteem. The

marked difference between obese children with and without binge eating sug-

gests the need for specific interventions for obese binge eaters [see also chap-

ter by Munsch and Hilbert, this vol., pp. 180–196].

Treatment of Obese Children: Current Views

In the overview by Jelalian and Saelens [44] on ‘evidence-based’ treat-

ments for obese children, published in the Journal of Pediatric Psychology, it

has been demonstrated that an effective treatment must always occur within a

behavioral-therapeutic framework. These researchers examined 61 studies on

obesity, 42 of which met the label of ‘good research’. Reviews of the charac-

teristics of childhood obesity treatment studies are presented also by Epstein

et al. [45] and Goldfried et al. [46].

An important element in childhood obesity is a dietary intervention. On

the basis of experience and research, Epstein and Wing [47] suggest dividing

food products into three categories: eating at one’s heart content (green), eating

moderately (orange) and forbidden to eat (red). This programme has the disad-

vantage that the emphasis is still laid on food restriction, which may lead to

undesired side effects in children. Other programmes are more in favor of making

the children follow the guidelines as prescribed by the National Institute for

Food. In this approach, food is classified within a food pyramid, with, for exam-

ple, eating varied and healthy food as a major principle. More attention is paid

to what is still allowed, such as a lot of vegetables and fruit. These principles

may go for the whole family and offer better guarantees for lifelong mainte-

nance of the new eating habits [48].

In most obesity treatments, reduction of caloric intake is the most sig-

nificant contribution to negative energy balance. Increased physical activity,

however, also contributes to it, and may accelerate weight loss and improve

maintenance of lost weight. Epstein and Wing [47] suggest initiating an exercise

programme in which mainly aerobic exercises of moderate intensity are planned,

such as cycling, swimming, walking, jogging, rope-skipping or rowing. These

activities are planned in an exercise scheme, which stimulates children to take

physical exercise for about 20min a day.
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The third important cornerstone is behavioral therapy. Interesting results

are provided by Epstein et al. [49] who demonstrated the importance of behav-

ioral techniques like self-monitoring, contracting, stimulus control and reward-

ing the child. The methods are discussed in the following paragraph. Most

techniques can be seen as parts of a self-regulation training, as described by

Harter [50] for children. Additionally, Graves et al. [51] investigated the positive

effects including problem-solving. Finally, targeting the parents in a behavioral

treatment of childhood obesity enhances the therapy results. In the treatment of

Epstein and Wing [47], the child is only allowed the treatment if it has at least

one obese parent and also if the parent is willing to follow a treatment pro-

gramme. This, however, causes problems when the child or the parent loses

weight, whereas the other party gains weight. Israel et al. [52] therefore chose

to involve the parents in the treatment as assistant therapists. The parents are

asked to continue at home what has been dealt with in the therapy and to help

their child in the completion of the tasks. Our own experience is based on this

latter approach. Golan et al. [53] describes a treatment for obese children in

which solely the parents are involved. Now research is ongoing if this treatment

is as effective in comparison with a family-based treatment.

Programmes incorporating dietary advices and physical activity pro-

grammes in a behavioral-therapeutic approach can realize 5–20% weight reduc-

tion [47, 54, 55]. A recently completed long-term follow-up study of children

treated for obesity, conducted at the Ghent University, indicated that the chil-

dren that had followed an educational behavioral-therapeutic group programme

were still 17% below their initial overweight 4 years later (effect size: 1.07),

whereas the group of children that received an advice only once, showed a 6%

decrease of their initial overweight, or an effect size of 0.25 [56]. An overview

of a protocol is described in table 1.These findings confirm Epstein’s results

and justify the use of an educational behavioral-therapeutic protocol in the

treatment of obese children, with three components: healthy food, moderate

daily exercises and behavioral techniques whereby the parents were actively

involved in one way or another.

To conclude, family behavioral therapy has already produced positive results

in controlled studies with maintenance of a long-term weight loss [44, 49, 55, 56].

Indications for the Treatment of Child Obesity

The Weight Criterion

In a clinical-medical research, the skinfold thickness is used to estimate

the amount of body fat. This method, however, is liable to miscalculations:

especially in case of severe obesity the skinfold thickness cannot be determined
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univocally. In adults, a BMI gives good estimates of the existing fat body mass

and a BMI greater than 30 is considered as a criterion for obesity. However, this

can only be used as absolute value for fully grown adolescents.

International guidelines for defining overweight and obesity in children

and adolescents were recently published [57]. BMI standards were expressed as

‘percentiles’ for children and will become the ‘golden standard’ for determin-

ing the degree of obesity [57, 58]. Children and adolescents between the 85th

and 95th percentiles of BMI have been described as being ‘at risk for over-

weight’, while children exceeding the 95th percentiles are described as ‘at risk for

Table 1. Protocol spread over 6 sessions

1 • diary tasks (nutrition and exercise)

• instructions about nutrition and exercise

• building a contract

2 • discussion of the tasks

• looking for realistic modifications in eating and 

exercising habits

• instructions about nutrition and exercise

• new contract

3 • contract evaluation

• looking for realistic modifications in eating and 

exercising habits

• instructions about nutrition and exercise

• new contract

4 • contract evaluation

• looking for realistic modifications in eating and 

exercising habits

• instructions about nutrition and exercise 

• stimulus control strategies

• problem-solving (i) identification of difficult

moments

• new contract

5 • contract evaluation

• further building new eating and exercise habits

• behavioral exercise, modelling

• problem-solving (i) identification of difficult

moments

• new contract

6 • problem-solving thinking (ii) discussion of difficult

moments

• role play, modelling
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obesity’ [12]. An alternative method for defining obesity is to identify those

BMI scores that would ‘project’ to a BMI of 25 (i.e. overweight) or 30 (i.e.

obese) at 18 years of age. Using data from Brazil, Great Britain, Hong Kong,

Netherlands, Singapore, and the United States, percentiles were available now

for different age groups.

When trying to design the weight evolution of a particular child, over-

weight can also be expressed in terms of percentage of the current weight to the

‘standard BMI’, which is comparable with percentile of 50. A deviation of

more than 20% is already considered as overweight. Child obesity represents a

range of forms with on the one hand moderately obese children (20–40% over-

weight), obese children (40–60% overweight) and severely obese children

(�60% overweight).
Example: A boy of 8 years weighs 43 kg and is 131 cm tall. The standard for a boy of

this age and length is 26.4 kg. This is 16.6 kg too much. His BMI (weight/length2 � 100) is

25 and, using the BMI standards for his age, a standard BMI (� percentile 50) is 15.8, so his

overweight is, based on BMI standards, 58%. Percentile �95.

With respect to the indications for treatment, so far, no study is known

demonstrating that obese girls suffer more or less than obese boys. It therefore

seems highly recommendable to treat both.

Age

The age of the child also plays an important role in the indication for treat-

ment. Research has demonstrated that, at the age of 10, approximately 80% of

the obese children remain obese in the future [4]. It is generally assumed that

from that age onwards intervention is absolutely necessary. Even better, based

on the study of Whitaker et al. [4], and using an ‘early intervention’ perspec-

tive, obese children between the ages of 7 and 10 are indicated as ideal candi-

dates for treatment. From the point of view of prevention, the group of 5- to

7-year-olds must be ‘followed’. The chances of spontaneous recovery, however,

are still great then. The following components appear to be important here: the

weight of the parents, economic class and current eating habits [4].

Counterindications

There are a number of syndromes in which childhood obesity is merely a

symptom of an underlying syndrome (e.g. Prader-Willi syndrome, endocrine

disorders; see [14]). These syndromes are rare. Yet, parents are often convinced

that there ought to be a medical ‘cause’ in their child. It is therefore advisable

always to call in a doctor to exclude these syndromatic expressions of child-

hood obesity.

In some children underlying emotional problems have been observed, such

as coping with a great loss or serious family problems. These children may
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profit from a weight loss programme, but this will never be enough. Here, a

two-track policy is opted for, i.e. focussing on the weight problem and tackling

the underlying problems at the same time. Furthermore, a more personal

approach will be necessary when binge-eating episodes are already reported.

An adequate screening in advance is therefore imperative. It can spare the child,

the parents and the therapist the frustration of an unsuccessful therapy.

The treatment described below is a non-diet approach and no weight loss

is aimed, only weight control. However, this is not suitable in its present form

for children with very severe overweight (�80%). Furthermore, treatment in

childhood profits from the fact that children are still growing and this growth

requires energy. However, in fully grown adolescents this energy expenditure

diminish and weight control will be much more difficult to install. Therefore,

the programme described here especially appears to be a good choice for the

treatment of children ageing between 7 and 12, with an overweight between 20

and 80%. Positive support and goodwill from the environment is advisable.

CBT Methods in the Treatment of Obese Children

Stimulus Control

For obese children it is helpful to have fewer supplies in the house and to

store the necessary supplies in as few cupboards as possible. Furthermore it is

recommended not to put the pots on the table and to throw the leftovers away

immediately. Children are strongly advised to reduce the number of places

where they eat to a minimum, preferably to only one place, for example the

kitchen, even if there are crisps on Saturday evening. It is also recommended to

do nothing else but eating during the meal and to avoid other activities such as

reading, watching television or making telephone calls. Moreover, it is advis-

able to develop the habit of eating only at fixed hours. The National Institute

for Food suggests the following scheme: breakfast between 7 and 8 a.m., a

morning snack at 10, lunch between 12 and 13 p.m., an afternoon snack at 4,

dinner around 6 p.m. and if so desired a final snack at 8 o’clock in the evening.

Researchers assume that as one eats in more situations, there are more and

more environmental stimuli reminding of food, whereas reducing these situa-

tions extinguishes the reminding value of an environmental stimulus. This

behavioral-therapeutic technique appeared to be the first to be successful within

the treatment for obesity.

Diaries

The diary is an important tool in the treatment of obese children in order

to learn self-regulation skills. Everything a child eats and drinks and how much,
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is daily written down in the diary. The child preferably keeps the diary itself,
at school as well. As for younger children, the mother can help. The child may

then be involved in the task by for example coloring a green or a red ball each

time he/she eats or by sticking the packing of a healthy snack in the diary.

This diary is very useful to get an idea of the daily eating habits of the child.

If persistent bad eating habits are involved, it is recommended to write down

all situations that provoke these habits. Already at the beginning of the treat-

ment, a second diary is introduced in an identical way: the exercise diary. In

this diary the child writes down all forms of exercise it takes in the course of a

week.

Contracts

Self-regulation implicates that realistic goals are formulated, together with

the child. Once a week preferably one food-related and one exercise-related

issue deserving special attention and this is worked out together with the child,

which leads to an agreement in the form of a contract. On the contract there are

clear, realistic tasks, such as drinking water at meals, as well as univocal evalua-

tion criteria, such as ‘5 of 7 days’. The objective is that the child, with a little

effort, succeeds in achieving the objective it has set in advance. Consequently,

this objective is different for each child, which requires a personal approach.

A lot of children enjoy receiving a small material when the contract is

evaluated. We recommend to chose rewards appropriate to the treatment, such

as a ball, a skipping-rope, a cassette with dance music, or saving for a social

activity every week, such as playing a party game together, dancing during the

session, etc. The child can be stimulated to make a list of gifts wanted.

The contract evaluation is an important learning moment for the child. It

is recommendable to always follow the rules for ‘good feedback’. This means

that social reinforcement in the form of encouragement and compliments for

what went well is still essential. In doing so, the child himself should particu-

larly look at what goes well already. The child is thus given the chance to expe-

rience small successes, which increases the chance to develop self-regulation.

Self-Evaluation and Self-Reinforcement

Children must learn to evaluate themselves positively with an open mind,

preferably on the basis of the contract, and to encourage themselves for what

went well, such as: ‘well done’, ‘that’s the way!’, ‘I’m doing well’. If a child

fails to follow the contract, or only partially, it must learn to adjust itself, for

example: ‘I had a good start this week, next week I’ll do better’ or ‘I’m already

quite successful in eating vegetables, but at 4 o’clock I still have a difficult time

not eating sweets’.
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Problem-Solving Thinking

When reading the diaries, it will soon become clear that obese children

often have to cope with difficult situations. Examples: What do you do when

you’re at home alone and feel like eating? What do you do on a birthday party

when offered sweets? What if granny wishes to spoil you? What do you do with

your pocket money? As it is gradually becoming a common procedure in sev-

eral cognitive behavioral-therapeutic interventions with children, the children

are taught coping and problem-solving skills. The child learns how to analyze

a difficult situation, to think of and to evaluate several solutions. In searching

different alternative solutions for ‘difficult moments with respect to eating’, the

following rules of thumb can be useful: (1) avoid the situation; (2) do some-

thing else in that situation; (3) participate in the situation, but to a lesser extent,

and (4) participate and do a physical exercise afterwards.

Behavior Training and Homework Tasks

During the sessions it is preferable to regularly train new forms of eating

behavior. Each good behavior modification can only be established if practiced

a lot. Examples are: to eat slowly, to chew properly, to avoid reading while eat-

ing, to wait for a moment before deciding on a second helping, to taste nothing

in advance, to avoid lingering at the table. Also tasting unknown food products

(vegetables, fruit) or experimenting with new healthy preparations may be on

this list. Furthermore, new exercises are done as well, such as rope-skipping,

abdominal exercises, learning a dance. Next, the children are asked to practice

what they have learned further at home. The homework task is written down on

the contract.

At a later stage in the therapy, the problem-solving alternatives are prac-

ticed as well, often in the form of a role play. This allows an obese child to learn

to say ‘No’ when it is presented something sweet. If a child is being pestered, it

can also learn skills to react with dignity. It is also possible that new skills are

taught to learn to cope with moments of stress, boredom or distress (e.g. relax-

ation training).

Group Pressure and a Model Attitude of the Therapist

The treatment described here is preferably given in a small group. Group

sessions are experienced as being more pleasant, but have the additional advan-

tage that children can learn a lot from each other. This technique is defined as

observational learning or modelling. The therapist can even stimulate observa-

tional learning by constantly acting as a model himself. In doing so, he can apply

the ‘thinking aloud’ technique, which will mainly enhance the self-regulation and

the problem-solving thinking. The children may also encourage each other and
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even put pressure on each other. Certain rewards may then be kept in the form

of for example a group thermometer. Research has demonstrated that this form

of treatment is preferable [55, 56]. Working with groups may also help keeping

down the treatment costs. Moreover, people are more inclined to follow a treat-

ment protocol.

Psychoeducation

Time and again the children appear to have practically no idea about the

development of overweight and what is the best thing to do then. This can be

visually explained to children by means of pictures, such as a pair of scales. It

is also necessary to explain the difference between fats, carbohydrates and pro-

teins, and what exactly happens with these elements in the body. Sometimes

this may look like a lesson in biology. Here, a multidisciplinary team, were a

dietician can contribute and discuss the diaries is recommended. When dis-

cussing the diaries, the therapist should be well informed about the directions

to maintain a stable intake-expenditure balance, as prescribed by the National

Institute for Food. Sometimes simple advices will do, such as ‘to drink water’

at meals; to choose low-fat products, to eat a carrot when you’re hungry in

between meals, to take breakfast, etc. Research has demonstrated that the

chances of weight recovery are already good if motivated families are well

informed, if some basic principles are explained to them in one or a few ses-

sions and if they are given a clear manual.

Booster Sessions

In the treatment of obesity it is more and more assumed that a long-term

follow-up is imperative [7]. Sustaining the new lifestyle remains quite a task.

Studies indicate that the organization of control sessions after treatment, 

so-called booster sessions, is the most advisable technique to assure long-term

behavior modification. The booster sessions can for example be organized

every month, even one or two years after treatment. Booster sessions can be

organized individually, but with children they are more often organized in the

form of family conversations. In such sessions a problem-solving strategy is

used, mainly looking for possibilities for the implementation of the previously

learned issues in the living environment of the child. There is the suspicion that

booster sessions prevent extinction of the newly learned eating habits, but it

further appears that these sessions are mainly useful when self-regulation



Braet 130

threatens to fail or when people have a setback (for example when they’ve

gained a few pounds). For that purpose, ‘techniques for the prevention of

relapse’ have been developed. These have been designed to support the patient

when he for one reason or another threatens to abandon the programme, since,

after a setback, the child runs the risk of losing courage, or having the reaction

‘I’ve had enough’ and does not find the motivation necessary to go on. In this

way agreements can be made such as ‘a bad day is not a bad programme’, or

‘today is a bad day, but tomorrow I’ll start a new’, or ‘also mountaineers some-

times have to descend a little to be able to climb again with renewed courage’.

Dealing with Resistance

Research bears evidence that people are more inclined to be opposed to

change if they have the feeling that this change is imposed or if they anyhow do

not experience any freedom of making their own choice in this matter. Already

at the outset of a treatment it is therefore advisable to investigate whether the

obese child wishes to be treated and whether it has enough reasons of its own

to go into treatment. In some cases it may be necessary to compare the pros and

contras of a treatment versus the pros and contras of no treatment at all.

Furthermore, there is evidence that the child is preferably left some freedom to

plan its meals, snacks and physical activities. The more a child has the feeling

that it can decide for itself, the more it will feel involved in the treatment and

the smaller the chance of resistance. In this respect, for example, a list of

healthy snacks may be drawn up, having the child decide for itself which snack

it will take on the next day. It is also highly recommended to keep the favorite

dishes on the menu, but to dose them, and to keep a complete freedom of choice

for particular food areas (e.g. vegetables and fruit). Anyhow, it is not advisable

to consider certain unhealthy snacks as ‘absolutely forbidden’ products: that

which is forbidden will become very attractive, which will increase the attrac-

tiveness of the product as well as the chance to taste it secretly.

Role Played by the Parents and the Family

The other family members and first and foremost the parents of the obese

child can be very supportive. However, there are different ways to involve par-

ents in the treatment. In our approach, at the end of each session, one parent (or

both parents) is invited to go through the contract together with the therapist. In

doing so, it is examined whether the goals of the contract can be implemented,
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i.e. whether the house can be organized so that the child is not constantly stim-

ulated to eat and whether they can put healthy rather than unhealthy purchases

on the shopping list. They are further encouraged to cycle together with their

child, to plan a walk on Sundays or to try out a new healthy recipe. The influ-

ence of the environment is thus more indirect and in function of the patient.

On the other hand, this method also offers the possibility of helping the

parents in adjusting their (parental) approach with respect to their child. They

learn how to set clear and realistic rules, how to be consistent, how to watch the

contracts and to give good feedback to their child. This often restores peace and

quiet in the family, since there are fewer conflicts about when they should eat,

and about what should be/should not be eaten. So, they are no longer discus-

sions and doubts about how to realize a weight control program. If a child can-

not live up to its contract, the parents do not have to blame the child for this,

but they can write it down in the child’s diary. The contract is then evaluated

during the session under mediation of the therapist. If they are faced with prob-

lems, the parents can also learn problem-solving thinking. This is for example

necessary if other family members or the grandparents are not willing to give

up old habits or if the parents fail to provide the child with healthy alternatives.

In that case, a more personal treatment may be necessary, which may lead to

separate talks with the parents besides the treatment of the obese child. The

contacts with the parents are often more difficult than the contacts with the

child and require a specialized behavioral-therapeutic approach. It is advisable

to take a non-accusatory, empathizing attitude here, and to look for possible

solutions for the existing problems in a cooperative atmosphere. In many cases

the therapist will demonstrate the suggested advices and feedback procedures

in the session.

As described above, the parents of these children often find it difficult to

set clear limits and to make concrete arrangements with their child. In such

cases, the treatment for overweight necessarily implies acting on the parenting

skills, as described by Patterson [59]. Important parenting skills can be learned:

positive parental behavior, rule setting, disciplining, avoiding harsh punish-

ment and inconsistent disciplining, and increasing appropriate rewarding.

A pilot study revealed hopeful prospects for this approach [Moens and Braet,

unpubl. data].

If problems arise in the parent-child interaction, it may be useful to also

examine the thoughts and convictions of the parents. It could be recommend-

able to discuss their cognitions and thoughts about their child, their beliefs in the

program they had to follow and about their attributions on the causes of child-

hood obesity. Cognitive therapy has shown that daily patterns of thought are

guided by people’s convictions and that these patterns of thought will deter-

mine the way of thinking of parents as well as their feelings and behavior.
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The convictions may amongst others relate to ‘I want to be a good mother’ or

‘I don’t want to fail’ and ‘I want to see my child happy’. Specific cognitive

techniques are used to make these convictions more explicit, to adjust or to

modify them.

Some parents are very busy and give up early. Others are but little

informed about good eating habits, whereas yet other parents report family

conflicts. In some cases cooperation with other experts is possible. Information

about good eating habits can be given by means of leaflets or cooking evenings

and is preferably organized with the help of a dietician. In case there are fam-

ily conflicts, a family therapist or a couple therapist can be called in. Further

research will have to determine the number of families that need additional

guidance. In case a family or a child threatens to drop out, the therapists have

the possibility to contact the family themselves and, together with them, to

examine whether the usually practical obstacles that hinder them can as yet be

eliminated. Even when the parents report not being able to cooperate, the child

cannot be deprived of its right to treatment for obesity.

Open Questions of Childhood Obesity Research:

Future Prospects

There is considerable inter-individual variation in response to interventions

such that not all children maintain weight loss. Follow-up research indicates that

only 1 of 3 obese children reaches a weight that is beneath 20% [49, 56]. So,

most of the children will remain overweight for the rest of their lives. Moreover,

approximately 15% of the children keep gaining weight. This number increases

up to 30% when the long-term evolutions are included [56]. Although research

has shown that longer obesity treatment is associated with larger weight losses

in adults, no research has examined how the length of treatment influences out-

come in obese children [46].

Further research will probably reveal the underlying causes and whether

interview indicators will be found already during the intake that are good pre-

dictors of a negative therapy outcome. One research showed that the assumed

parameters such as the presence of emotional eating, external eating, dietary

eating or the presence of psychopathology are not withheld in a regression

analysis with weight loss as measure for therapy success. The only predictor of

a long-term favorable outcome is initial weight loss, measured 3 months after

the intake [55]. Furthermore, research bears evidence that the degree of success

in the first year is predictive of the success 5 years after treatment [56].

Research on childhood obesity must teach us to better select the appropri-

ate treatments for the appropriate children. As Jelalian and Saelens [44] noted,
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‘Much of the adolescent treatment research lacks methodological rigor, or fails

to demonstrate short- or long-term success. There is much to be gained from

examining how to adapt successful adult and/or child obesity programs for ado-

lescents.’ Also, for those fitting a specific genetic profile or for those who fail

to respond to behavioral treatment, new interventions need to be considered.

Further advances may lead to – although disputable – pharmacological inter-

ventions, surgery or inpatient treatment [60].

The most successful programs are those that incorporate a multidimen-

sional approach characterized by the inclusion of diet, exercise and the applica-

tion of behavior modification principles. However, few studies have compared

the effects of one approach, while holding other aspects of the treatment con-

stant. For example, although the results of studies including parents in a family

based approach are very encouraging, there are many unanswered questions

about how parental influences can enhance treatment effects [46]. We still do

not know what the working ingredients are. Research is needed in under-

standing the best dietary, physical activity, and behavior change approaches

to maximize treatment effects [46]. Sometimes a standard CBT-treatment is not

advised, but a more personal approach. The decision to start a personal guid-

ance programme should become clear during the intake procedure. This means

that the multidisciplinary team tries to assess to what extent the current parent-

child relationship will allow application of techniques and whether there are

some indications yet for interfering with behavioral problems in the child. For

motivated families that manage on their own to establish a healthy way of life

and to stabilize the weight of their child, a few dietary advices will be enough

to carry on, and psychological guidance will not be necessary. Given the diver-

sity of health complications associated with obesity, intervention studies might

expand outcome measures to include indexes of fitness, blood pressure, lipids,

other heath-related variables, as well as psychological well-being or interper-

sonal functioning. Including such measures would provide a fuller picture of

the overall effectiveness of behavioral interventions.

The goals for treating childhood obesity are regulating body weight.

Although the treatment described here aimed at weight management, the psy-

chologist will also have to pay attention to the psychological sequelae of

obesity. He should give the child time to tell about the harassments or about its

feelings of guilt and shame. Furthermore, the therapist should help the child

learn to accept that it has a weight problem. In many cases, the behavioral

therapist should mainly support the child. To this end the psychologist can do

exercises that enhance the self-image of the child [61]. Therefore, it is also the

goal of the treatment that the child will continue to enjoy eating without gain-

ing weight and that it will moreover become proud of being able to control its

weight.
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The obese child and its parents should know full well that the tasks should

be carried out further after treatment as well. Obese children will have to pay

attention to their predisposition throughout their lives [14]. The current environ-

ment is arguably conducive for weight regain among obese children attempting

to maintain weight loss. More research is planned to investigate whether weight

regain can be prevented if the treatment is followed by individualized booster

sessions in which the children learn maintenance strategies or relapse prevention

techniques. Recently, Latner et al. [62] already argued that continuous care of

indefinite duration may be necessary to achieve long-term treatment effects in

most obese people. Furthermore, compliance to the treatment is another issue of

concern. More studies are needed which focus on children who dropped out of

treatment and why they do so. Nor do we know what the mediators of treatment

change are. One solution may be studies that focus more on the documentation

of the mechanisms of change and less on the weight change itself.

A question that is now under discussion is the generalizability of the treat-

ment principles discussed here. In the ‘Clinical Handbook of Psychological

Disorders’ Brownell and O’Neil [63] describe a recent treatment protocol for

obese adults. There is great similarity with the programmes for children: the

goal is no longer weight loss, but lifestyle modification. In doing so, both poles

of the energy balance are targeted through education and cognitive behavioral-

therapeutic techniques. This change of view on obesity treatment in adults has

recently been outlined by Cooper et al. [64] and includes new ideas primarily

on overcoming the problem of posttreatment weight regain. However, whether

other techniques, useful in adult treatment, like cognitive strategies, will be

easy to implement in childhood obesity, remains to be seen [65]. Although

progress has been made in treating obesity in childhood, new developments are

needed to improve long-term weight regulation.

Conclusions

Biological and psychological models to explain for the onset of child obe-

sity are described. Medical as well as psychological and psychosocial con-

sequences are discussed afterwards. Next, therapy indications, like weight

criterion and age of the child are proposed. In order to tackle the problem of

obesity in children, approaches are needed that succeeded in installing a bal-

ance between energy intake end energy expenditure. Evidence-based pro-

grammes are summarized. It is stated that teaching children to manage their

energy balance by performing more physical activities and by changing their

eating styles give more prospects than going on a diet. Strong emphasis is put

on the therapeutic goal: self-regulation of a healthy lifestyle. This is achieved
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through behavioral techniques. The methods are discussed. Finally, problems

and open questions of childhood obesity research are presented. Although

weight control programs are hopeful with respect to their goals of ‘weight con-

trol’ and preventing further weight gain, follow-up research will be presented

that indicated that most of the children will still have moderate overweight for

the rest of their lives.
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Binge eating disorder (BED) has been included in Appendix B of the

Diagnostic and Statistical Manual of Mental Disorders (ed 4, DSM-IV) [1] as

a disorder with research criteria requiring further study. The following criteria

have to be fulfilled to provisionally diagnose BED:

• Recurrent episodes of binge eating which means eating definitely more

than other people would eat under similar circumstances. Additionally, a

sense of lack of control during binge-eating episodes has to be diagnosed.

• Binge-eating episodes are associated at least with three typical features

like eating much more rapidly than normal, eating until feeling uncom-

fortably full, eating large amounts of food when not feeling physically

hungry.

• Patients feel distressed regarding binge eating.

• Binge eating occurs at least during 2 days a week for a period of at least 6

months.

• Binge eating is not associated with inappropriate compensatory behaviors

(e.g. purging).

The introduction of the BED diagnosis within DSM-IV has stimulated a

lot of research over the past decade as well as many critical questions concern-

ing the utility of this new diagnosis. One question is whether individuals with

BED differ from individuals who are just obese. Another question is whether

BED is a distinct new diagnosis or just a subtype of bulimia nervosa. The fol-

lowing chapter will present evidence-based arguments for the following claims:

(a) BED is a clinical disorder; (b) BED is different from bulimia nervosa;

(c) BED is different from non-BED obesity. Before we will argue for these

Binge Eating Disorder
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claims, we will present epidemiological data on BED to show that BED is a

widespread clinical phenomenon.

Epidemiology of BED

Epidemiological research plays an important role in answering the question if

BED is distinct from other diagnostic categories for eating disorders.

Methodological Limitation. It is important to note that epidemiologic

studies of BED are limited in methodology regarding the selection of popu-

lations and identification of cases [2]. At present, the most accepted method

is the two-stage screening approach [3]. One limitation of this procedure is

the poor response rate. Record-based studies, however, characterize only a

minority of all cases whereas samples of special populations (e.g. social

work students, high school girls) lack in their generalization to the general

population.

One important source of measurement error is the wide range concerning

the meaning of binge eating when used by the general public. Assessing self-

report questionnaires leads to greater methodological limitations than interview-

based assessment. The reason for this is that in the latter the term binge eating

can be more clarified. Therefore, for example, prevalence rates based on self-

reports tend to be higher then those on interview-based methods [4, 5].

Not only do assessment strategies influence prevalence results, but fur-

thermore, prevalence rates differ depending on the sample chosen (e.g. com-

munity sample, students, inpatients).

Another example illustrates how prevalence rates differ in relation to

criteria used to determine BED. Hay [6] found a prevalence rate of 1% for BED

using the DSM-IV frequency criteria for binge eating [1] whereas a prevalence

of 2.5% was estimated using the broader Oxford criteria by Fairburn and

Cooper [7].

This methodological limitation should be taken into mind when reading

the following epidemiological results.

Prevalence of BED

Prevalence comprises the total number of cases in the population and

indicates the demand for care. A short review of prevalence rates for BED is

illustrated in table 1.

The prevalence rates in community-based studies vary from 0.7% [8, 26]

to 2.5% [21], and, respectively, 3.3% [14] for the general female Austrian

population. A prevalence range from 0.28% [9] to 5.3% [21] was estimated in
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Table 1. Prevalence rates for BED

Reference Sample Assessment Prevalence rate

female male

Basdevant et al. [8] community sample and France self-report 0.7% (community sample) –

patient samples questionnaires 8.9% (private practice);

15.2% (hospital)

Cotrufo et al. [9] group of 13- to 19-year-old Italy two-stage procedure 0.28% –

females

Diez-Quevedo et al. [10] general hospital patients Spain PRIME-MD Patient 5.3 % –

Health Questionnaire 

(PHQ; Spitzer 

et al., 1994)

Ghaderi and Scott [11] females age 18–30 years Sweden questionnaires 1.2% –

Götestam and Agras [12] community-based sample Norway self-report 1.5% –

questionnaire 3.2% (lifetime prev.)

Hay [6] community-based sample Australia EDE 1%*–2.5%** –

Kalman et al. [13] outpatients weight questionnaire 22.2% –

management and and interview

nutritional counselling 

program

Kinzl et al. [14] general female population Austria telephone interview 3.3% –

Kinzl et al. [15] general male population Austria telephone interview – 0.8% 

Ramacciotti et al. [16] obese people in treatment Italy Binge Eating Disorder 12.1% (6-month prev.) –

Clinical Interview 18.1% (lifetime prev.)

(BEDCI) [21]

Ricca et al. [17] overweight people in Italy 7.5% –

obesity treatments
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Robertson and women with a history self-report measures 1.5% –

Palmer [18] of obesity and interview

Smith et al. [19] self-report instrument 1.5% –

Spitzer at al. [20] community-based sample USA self-report 2.5% 1.1%

Spitzer et al. [21] college students USA self-report 2.8% 1.9%

employees at medical self-report 5.3% 3.1%

centers

participants of weight self-report 29.7% 21.1%

control programs

Spitzer et al. [22] primary care patients USA PRIME-MD Patient 6% –

Health Questionnaire

Spitzer et al. [23] women recruited at USA PRIME-MD Patient 4% –

obstetric-gynecology Health Questionnaire

practices

Striegel-Moore et al. [24] NHLBI Growth and USA two-stage case 2.7% (white women) –

Health Study finding method 1.4 % (black women)

participants

Thiels and Garthe [25] social work students Germany Bulimic Investigatory 3.8% 3.5%

Test Edinburgh (BITE; 

Henderson & Freeman,

1987)

Westenhöfer [26] community-based Germany Interview and 0.7% 0.7–1.5%

sample questionnaire

*DSM-IV frequency criteria for binge eating [1]. **Oxford criteria by Fairburn and Cooper [7].
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studies focussing on special populations. The highest prevalence rates for BED

were found in primary care or clinical samples, ranging from 4% [23] to 15.2%

[8] and even up to 29.7% in samples consisting of participants in weight control

programs [21].

Demographics

Concerning the demographics of subjects with BED most studies only

focused on gender and ethnicity.

Gender. The majority of studies did not find gender differences compar-

ing white women and white men on rates of BED. Nevertheless, men are less

likely to meet the criteria for BED, although gender differences do not reach

statistical significance (table 1). These findings, however, are preliminary

because most studies of BED have only focused on female samples. According

to Striegel-Moore and Cachelin [27], the gender imbalance concerning preva-

lence is less pronounced in BED then in other eating disorders. In reference to

Lewingsohn et al. [28] men reported less distress over binge eating and used

less extreme compensatory behavior then women.

Ethnicity. Most of the few studies on ethnic group differences are focused

on blacks. Findings suggest that BED may be equal common among white and

black women [29]. However, most of these findings were based on self-reports.

Striegel-Moore et al. [24] reported that significantly more white women (2.7%)

than black women (1.4%) met the criteria for BED (table 1). Pike et al. [30]

examined eating disorder features and found significant differences between

black and white women, e.g. black women with BED reported less concern

about weight, shape and eating in relation to white women with BED. More

research is needed in this field and an extension to other ethnic minority groups

is necessary.

Taken together, epidemiological data show that BED is a widespread

eating disturbance. But one of the questions is still whether this kind of eating

disturbance is a distinct clinical disorder.

Claim 1: BED Is a Clinical Disorder

Preoccupation with body shape and weight has been considered to be a

‘core’ symptom of eating disorders [31]. Although body image disorder up

until now has not been included in the DSM criteria for the diagnosis of

BED several studies have shown that BED is quite comparable with bulimia

nervosa (BN) and anorexia nervosa (AN) with respect to this symptom [32,

33]. Moreover, it has been shown that body image disturbances are more
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pronounced in obese binge eaters than in obese non-binge eaters [34, 35] as

well as in slightly overweight BED subjects compared to controls [36]. For

instance, Hilbert et al. [36] investigated psychological reactions to prolonged

and repeated body image exposure in 30 female volunteers diagnosed with

BED (DSM-IV) and 30 non-eating-disordered controls. In an experimental

design, the participants of the study were exposed to their physical appearance

in a mirror. The confrontation procedure was guided by a standardized inter-

view manual and took place on two separate days. Self-reported mood, appear-

ance self-esteem and frequency of negative cognitions were assessed repeatedly

throughout the experiment. During body image exposure sessions, binge-eating

disordered individuals showed significantly lower mood than controls while

appearance self-esteem was diminished in both groups. Moreover, individuals

diagnosed with BED consistently described themselves as fatter than non-

eating-disordered individuals despite equivalent BMIs.

In line with these results it has been shown that weight and shape concerns

of subjects with BED are comparable to those with bulimia nervosa and

more pronounced than in obese non-bingeing controls [35, 37, 38]. Taking

together the data indicate that BED is associated with marked body image

distress.

Another similarity between BED and other eating disorders is that BED is

associated with a high rate of past and present comorbidity with axis I and axis

II disorders. For instance, Wilfley et al. [39] have analyzed comorbidity in 162

subjects with BED. One result of the study was that 33% of the subjects met at

least one current comorbid axis I diagnosis. Most of the subjects (22%) were

suffering from concurrent mood disorders. Concerning lifetime diagnosis 77%

of the subjects met the criteria at least for one axis I disorder. Again, most

of the lifetime diagnoses were on mood disorders (61%), especially major

depression (58%). Additionally, many subjects met the criteria for at least one

personality disorder (37%) and 14% met the criteria for more than one person-

ality disorder. The most prevalent diagnoses were obsessive-compulsive

personality disorder (14%), avoidant personality disorder (12%) and borderline

personality disorder (9%).

Furthermore, in a population-based study of female twins it has been shown

that obese women with binge eating reported about greater health dissatisfaction

and higher rates of major medical disorders than obese non-bingeing women

[40]. For instance, women with binge-eating reported about greater depression,

anxiety, phobia and neurovegetative symptoms (e.g. agitation, insomnia, obses-

sive-compulsive traits) than just obese women.

Taken together, empirical studies have shown that BED is associated

with severe clinical symptoms that allow to suppose that BED is a clinical

disorder.
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Claim 2: BED Is Different from Bulimia nervosa

To justify the utility of the new diagnostic category of BED it has to be

shown that BED is a distinct eating disorder. Especially it has to be demon-

strated that BED is different from bulimia nervosa. Up until now several stud-

ies indeed have shown that there are some differences between BED and BN,

but these differences seem to be more quantitative than qualitative [41]. For

instance, several laboratory studies have examined the eating behavior of

patients with bulimia nervosa or with binge-eating disorder [42]. Although no

single study has conducted a direct comparison, several studies used identical

methods for the examination of the eating behavior of bulimics and BED sub-

jects, thus allowing some preliminary comparisons between the eating behavior

of these two eating disordered groups. Reviewing the literature, Walsh and

Boudreau [42] noted three differences between BED and bulimics concerning

their eating behavior in the lab: (a) The size of the average binge meal in the lab

is greater in patients with bulimia nervosa than in patients with BED; (b) bulim-

ics show a more disturbed pattern of food consumption during a binge meal

than patients with BED; (c) during non-binge meals bulimics consume fewer

calories than controls and far fewer calories than BED patients.

This indicates that the eating behavior of BED patients and bulimics –

measured in the laboratory – is quite different although the DSM-IV criteria for

binge eating are comparable for both groups. On the other hand, as Cooper and

Fairburn [43] emphasized, distinguishing the eating behavior of BED patients

from other forms of unstructured overeating is not quite easy, even if an

investigator-based interview like the Eating Disorder Examination is used [7].

Considering the history of eating disorders, Striegel-Moore et al. [32]

found that 150 BED subjects compared with 48 subjects with purging bulimia

nervosa (BN) were less likely to have a history of anorexia nervosa and less

likely to have been treated for an eating disorder. Moreover, as expected,

subjects with BED were more often obese than subjects with purging or 

non-purging BN. On the other hand, Striegel-Moore et al. [32] did not find

differences between subjects with BED and nonpurging BN (NP-BN) with

respect to treatment history. This may be due to the small sample sizes of the

NP-BN group (n � 14). Additionally, Hay and Fairburn [44] did not find

significant differences between BED subjects and NP-BN regarding self-

reported psychopathology, self-esteem or social adjustment. Concerning self-

concept disturbances, moreover, in the study of Jacobi et al. [45], anorexic and

bulimic patients as well as patients with BED displayed similar self-concept

deficits.

Furthermore, Striegel-Moore et al. [32] did not find significant differ-

ences between BED and purging BN as well as non-purging BN according to
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weight and shape concern, or current or lifetime prevalence of nine major men-

tal disorders.

Last but not least, if BED is a useful diagnostic category, clinicians should

be able to prescribe a treatment that may be specific for the treatment of BED.

Concerning this issue, Wilfley et al. [33] reviewed the literature and empha-

sized that overall research has shown that a variety of different psychological

treatments appear to be comparably effective in reducing binge eating.

For instance, cognitive-behavioral therapy (CBT) and interpersonal therapy

(IPT) seem to produce highly similar results in the treatment of BED [46].

Concerning the treatment of bulimia nervosa, CBT seems to be the first-line

treatment of choice [47]. For instance, comparing CBT wit IPT regarding the

treatment of BN, at least at post-treatment CBT, was highly superior [48, 49].

Thus, taken together there is some evidence that BED and BN are different

from each other (e.g. concerning the eating behavior, elevated rates of obesity,

lower risk of anorexia nervosa in subjects with BED, responsiveness to CBT and

alternative therapies). But up until now the claim that BED and BN are different

disorders is somewhat tentative. Studies with lager sample sizes, especially

according to NP-BN as well as prospective studies are needed to clarify whether

BED is more similar to or different from BN, especially NP-BN.

Claim 3: BED Is Different from Non-BED Obesity

Several studies have shown that BED is associated with obesity [50–52].

However, it has also been found that obese individuals with BED differ from

individuals who are just obese. For instance, several studies have found higher

rates of psychiatric comorbidity in individuals with BED than in obese individ-

uals without BED [53, 54]. Especially the rate of major depression was much

higher in the obese BED group than in the non-BED obese; additionally,

borderline personality disorder was much more prevalent in BED subjects than

in the non-BED obese [54].

Moreover, BED subjects show a higher tendency to eat in response to

emotional states and suffer from higher levels of eating psychopathology than

non-BED obese subjects [33, 53, 54]. For instance, body image distress is

considered as a core psychopathological feature of eating disorders and it has

been found repeatedly that body image distress is more pronounced in obese

BED subjects than in obese non-binge eaters [34, 35].

These findings indicate that BED is associated with much more impair-

ment than obesity without BED. Taken together the results demonstrate that

BED is not only an epiphenomenon of obesity but a distinctive subset of the

obese population.



Tuschen-Caffier/Schlüssel 146

Conclusions

There is some evidence that the validity of BED as a diagnostic entity

may be given. Subjects with BED are different from healthy controls in many

aspects, e.g. overconcern with body weight and shape, comorbidity with axis

I and axis II disorders or greater health dissatisfaction. Moreover, individuals

with BED differ from those with other eating disorders like anorexia or

bulimia nervosa (e.g. the eating behavior, the responsiveness to different psy-

chological treatments). On the other hand, it has been difficult to distinguish

BED from other forms of overeating, including NP-BN. Further research with

larger sample sizes is needed to clarify whether BED for instance is really dif-

ferent from non-purging bulimia nervosa. Moreover, research should pay

attention to refining the diagnostic criteria of BED as Cooper and Fairburn

[43] already supposed. For instance, in our opinion body dissatisfaction should

be added as a diagnostic criteria into the DSM-IV because there is evidence

that subjects with BED show a pronounced overconcern with body weight and

shape.
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Binge eating disorder (BED) is an eating disorder associated with clini-

cally significant eating disorder and general psychopathology as well as impair-

ments in psychosocial functioning and overall quality of life and is usually

co-occurring with, yet distinct from, obesity [1–4]. Its inclusion in the DSM-IV

as a provisional diagnosis in need of further study [5] has stimulated research

on the clinical presentation, pathogenesis, and maintenance of this disorder.

This chapter reviews clinically relevant research on the onset and course, etiol-

ogy, and maintenance of BED.

Onset and Course

Studies subtyping the onset of BED identified two different patterns of

development that may be associated with a distinctive clinical profile: Unlike

individuals with bulimia nervosa, who usually start dieting before the onset of

binge eating [6, 7], a relatively large number of individuals with BED report

onset of binge eating prior to their first attempt at dieting (binge-first: 35–55%)

[8–11]. In these patients, binge eating emerges at 11–13 years, which is signifi-

cantly earlier than in those whose dieting precedes the first occurrence of binge

eating (diet-first: 39–65%; onset of binge eating: 25–26 years). The binge-first

group has been found to be more frequently associated with an earlier onset of

overweight and BED diagnosis, a history of more psychiatric problems, higher

rates of Axis II personality disorders, and higher frequency of exposure to

weight-related critical comments. Early age of binge eating onset was further

identified as a negative prognostic indicator for treatment success through psy-

chological therapy [12, 13]; similarly, patients of the binge-first subtype were
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less than half as likely as patients of the diet-first group to be abstinent from

binge eating 12 months after termination of psychological treatment [Wilfley

et al., unpubl. data]. Of note, patterns of onset of binge eating and dieting were

retrospectively assessed with most of the studies investigating Caucasian women

seeking treatment, which may limit the reliability and generalizability of find-

ings. Additional studies are needed for confirmation of binge-first vs. diet-first

subtypes, using prospective designs and community samples of BED.

The natural course of BED is controversial mainly because of the ambiguity

regarding stability and rates of spontaneous remission of the disorder. Some

prospective studies show persistence of BED symptomatology, while others

suggest a tendency to remit over time. One small community-based course study

found that half of the participants met full BED criteria at the end of a 6-month

follow-up (52%) while the other half was in partial remission; none of the partic-

ipants was free of eating disorder symptoms at a 6-month follow-up [14]. A larger

community-based study investigating the 5-year course of BED found only 18%

affected from some form of clinical eating disorder after 5 years [15]. Of note,

the prevalence of obesity in those presenting with BED at baseline had almost

doubled after 5 years, indicating that BED may be a risk factor for future weight

gain. One-year follow-up results from the largest community-based study of eat-

ing disorders to date showed a much higher degree of stability, with the majority

of individuals with BED having either full or partial BED at 1-year follow-up

(64%), and only 7% presenting without any eating disorder diagnosis [16]. A clin-

ical follow-up study of BED found that 6 years following inpatient treatment, 6%

were still affected by BED, 7% were diagnosed as having an eating disorder not

otherwise specified (EDNOS), 7% had developed bulimia nervosa, and the

remainder did not have an eating disorder as defined in the DSM-IV [17]. The

heterogeneity of the results may be due to differences in age and duration of

illness in the populations assessed; for example, the studies by Fairburn et al. [15]

and Fichter et al. [17] investigated individuals at young age and short duration of

illness, which may account for a higher tendency of remission than found by

other studies. In clinical settings, however, patients with BED frequently report a

long history of the disorder, and it is thus plausible that BED has a fluctuating

course, marked by intermittent remission and resurgence of symptoms. Future

research is needed in order to clarify the natural course of BED.

Etiology

Increasing evidence suggests that BED may be understood as a multifac-

torial condition resulting from genetic, psychological, and social factors. First,

the empirical status of risk factor research in BED will be described, followed
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by an outline of theoretical models for explanation of interactions between risk

factors in the development of BED.

A small number of studies have investigated the genetic transmission of

binge eating and BED, respectively. Family studies have provided mixed evi-

dence of a familial aggregation of BED in female samples, presumably due to

small sample sizes [18, 19]. A population-based study on female twins from the

Virginia Twin Registry revealed a moderate heritability for binge eating (49%)

and a substantial heritability for obesity (86%). Genetic overlap between risk

factors for both traits was modest [20]. Analyses from a Norwegian population-

based twin registry found a similar magnitude of genetic and environmental

effects on binge eating for males and females, suggesting equal heritability

(51%), and mainly shared genetic risk factors in both sexes [21]. Molecular-

genetic findings indicating that binge eating may be caused by mutations in the

melanocortin-4 receptor gene [22] were not replicated yet [23]. Overall, results

are suggestive of a genetic basis of binge eating. However, since the number of

studies is small and DSM-IV research criteria of BED were frequently not

applied, the heritability of BED remains largely unknown.

Two comprehensive studies on psychosocial risk factors of BED have been

performed [24; (Striegel-Moore et al., unpubl. data]. In a community-based case-

control study, Fairburn and colleagues conducted a retrospective risk factor inter-

view with women with BED. Compared to a control group without eating or

other psychiatric disorders, women with BED revealed greater exposure to cer-

tain adverse childhood experiences (e.g., sexual or physical abuse, bullying);

family problems (e.g., parental psychiatric disorder, parental criticism, lack of

affection, underinvolvement or overprotection); and negative comments about

shape, weight, and eating. Childhood psychosocial vulnerability (e.g., negative

self-evaluation, shyness) also increased the risk for later development of BED.

Compared to a non-eating-disordered psychiatric control group, the BED group

reported significantly higher rates of childhood obesity and negative comments

about shape, weight, and eating, suggesting that these risk factors may be specific

for BED in comparison with those for other psychiatric disorders. Participants

with BED reported similar exposure to specific risk factors as participants with

bulimia nervosa, but an overall lower personal vulnerability, particularly of child-

hood and parental obesity. Results from the New England Women’s Health

Project (NEWHP) using a similar design and methodology mainly confirmed

findings on psychosocial risk factors of BED [Striegel-Moore et al., in press]. For

example, women with BED and psychiatric control women reported higher rates

of exposure to negative affect, parental mood and substance disorders, perfec-

tionism, separation from parents, and maternal problems than non-psychiatric

control women. In addition, findings from the NEWHP emphasize the impor-

tance of familial factors as specific risk factors in the pathogenesis of BED by
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indicating greater exposure to familial eating problems, family discord, high

parental demands, and childhood obesity in BED than in psychiatric disorders.

Race did not appear to moderate risk for BED. Overall, these results suggest that

a variety of life events, familial problems, and personal vulnerability factors

increases the risk of developing BED. However, given that psychosocial risk fac-

tor research in BED is based on retrospective assessment, precedence of risk fac-

tors to the onset of disordered eating cannot clearly be established, and thus, risk

factor status remains to be confirmed in prospective designs [25, 26].

Prospective risk factor studies in the field of eating disorders have mostly

investigated the development of bulimic symptomatology (i.e. binge eating and

purging), but not of BED [27]. Among the few risk factor studies prospectively

examining binge eating separately from inappropriate compensatory behaviors,

a two-year prospective study by Stice and colleagues identified several indepen-

dent risk factors for the development of self-reported binge eating in female

adolescents, including elevated dieting, pressure to be thin, modeling of eating

disturbances, appearance overevaluation, body dissatisfaction, depressive symp-

toms, emotional eating, body mass, and low self-esteem and social support [28].

Binge eating was not only predicted by elevated body mass, but also predicted

onset of obesity. An analysis of interactions between risk factors showed an

increased risk for girls who overevaluated appearance, had an elevated body

mass index (BMI; in kg/m2), and dieted (42%). Another four-year prospective

study identified restrained eating and negative affect as predictors for binge

eating in female adolescents with the highest risk at age 16 [29]. Since these

prospective studies did not apply the research criteria of BED, thereby not

excluding individuals with inappropriate compensatory behaviors, it is unclear

to what extent the findings are generalizable to BED.

In summary, a number of psychological, social, and biological risk factors

may contribute to the development of binge eating and BED. It is, however, not

known through which psychobiological mechanisms these putative risk factors

and antecedents interact in the pathogenesis of BED, e.g., how obesity, dieting,

and binge eating mutually influence each other. The previously described results

of binge-first vs. dieting-first subtypes of eating pathology onset (see Onset and

Course) permit speculation of different etiological pathways leading to BED.

While restraint (i.e. dietary restriction and/or dietary restraint)1 may be a risk

1The concept of restraint has been operationalized in various ways, frequently distin-

guishing the components of dietary restriction vs. dietary restraint [30]. Here, dietary restriction

indicates the actual restriction of food intake for shape and weight reasons (i.e. actual dieting,

restrictive eating patterns), whereas dietary restraint describes the intent to diet and attempts to

restrict food intake for shape and weight reasons (e.g., attempts to follow dietary rules or avoid

‘fattening’ foods).
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factor for binge eating in the diet-first subgroup, which would conform to empir-

ical findings on bulimia nervosa [26], in the binge-first group, binge eating seems

to develop more against a background of psychiatric symptomatology [9]. Thus,

the restraint model developed for bulimia nervosa positing that restraint increases

the likelihood of binge eating [31] may apply only to a subgroup of individuals

with BED. The overall decreased impact of restraint on the development of binge

eating in BED is consistent with findings from controlled trials on behavioral

weight loss, which show that caloric restriction does not increase binge eating in

the short term, and is as effective as cognitive-behavioral psychotherapy to reduce

binge eating [32–34] [see chapter by Biedert, this vol., pp 165–179]; long-term

effects of dietary restriction, however, are not yet established [35].

Several theoretical models have been elaborated to explain interactions

between risk factors in the development of binge eating. A comprehensive

framework that combines theoretical accounts of sociocultural [36], dietary

[31], and affect regulation factors [37] is the dual-pathway model proposed by

Stice and Agras [38]. Although designed and evaluated as an etiological model

of bulimic pathology including binge eating and purging, the dual-pathway

model includes many determinants that are putative risk factors for the devel-

opment of BED (e.g., restraint, negative self-evaluation, and critical comments

about shape and weight). The dual-pathway model postulates that body dissat-

isfaction is fostered by sociocultural pressure to be thin and an internalized thin

ideal. Through two pathways, either of which being sufficient, body dissatis-

faction may contribute to the development of bulimic pathology: In the restraint

pathway, body dissatisfaction accounts for restraint; restraint in turn increases

the likelihood of binge eating as a response to caloric restriction and/or the

breaking of strict dietary rules (‘abstinence violation effect’). In the affect reg-

ulation pathway, body dissatisfaction provokes negative affect because appear-

ance becomes a central aspect of negative self-evaluation. Negative affect can

also be promoted by dieting because of the impact of caloric deprivation on

negative mood and/or because of failure that is often associated with unsuc-

cessful dieting attempts. Binge eating is used for coping with negative affect,

e.g., by providing comfort and/or distraction from negative affect; likewise,

purging may be used for affect regulation purposes. The dual-pathway model

was cross-sectionally [39, 40] and prospectively validated in adolescent girls

and young women [41, 42], but since DSM-IV research criteria of BED were

not applied, it still needs to be ascertained whether the model is predictive of the

development of BED, especially because of the unclear role of restraint in

the etiology of this disorder [31]. Another etiological model specifically devel-

oped for the explanation of the pathogenesis of BED, the integrated model of

risk for BED [43], focuses on the developmental stages earlier than adolescence

emphasized by the dual-pathway model. The integrated model of risk for BED
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combines accounts from restraint theory and interpersonal theory. In the inter-

personal vulnerability component (for the restraint component, see above),

family problems (e.g., parental psychopathology, criticism, neglect, lack of

affection) and abusive experiences are assumed to cause disturbances in early

child-caretaker relationships that lead to the development of a vulnerable self

(e.g., low self-esteem) exhibiting interpersonal (e.g., social concerns, loneli-

ness) and affect regulation difficulties (e.g., difficulties in coping with negative

emotions in response to life stress). Binge eating is understood as an attempt to

manage these adverse affective experiences. Determinants of the interpersonal

vulnerability model are consistent with risk factor research (see above), find-

ings on impaired interpersonal functioning in BED [44, 45], and effectiveness

of interpersonal psychotherapy, a therapeutic approach focusing on interper-

sonal problems in significant relationships [46, 47] [see chapter by Biedert, this

vol., pp 165–179]. The etiological cascade of the interpersonal vulnerability

model, however, awaits empirical validation.

Maintenance

The following section reviews findings on biological, psychological,

behavioral, and environmental factors and theoretical models of the mainte-

nance of binge eating in BED.

Biological Factors

There is little evidence for biological correlates of binge eating in BED

[for biological factors related to obesity, see chapter by Vögele, this vol.,

pp 62–73]. As compared to weight-matched controls, obese individuals with

BED or obese binge eaters, respectively, did not show abnormalities in:

• metabolism, e.g., serum insulin, triglyceride, cholesterol, and thyroid

hormones [48, 49];

• resting energy expenditure [50];

• cephalic phase response consisting of the first physical responses to the

sight, smell, taste, or thought of food (e.g., serum insulin, glucose toler-

ance, and salivation in response to food exposure) [51];

• hypothalamic-pituitary-adrenal function (e.g., dexamethasone suppression

or cortisol and adrenocorticotropin response to corticotropin-releasing

hormone) [52];

• serotonergic function involved in the modulation of feeding behavior,

mood, and impulse control; no evidence was found for an altered central

nervous system serotonin (5-HT) neurotransmitter activity in BED

(e.g., prolactin response to D-fenfluramine) [53];
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• leptin, a protein controlling hypothalamic pathways of energy metabolism;

serum leptin levels were not altered in BED and unrelated to food intake,

hunger, and the desire to eat in response to food stimuli [51, 54, 55];

• neuroactive steroid hormones assumed to modulate eating behavior (e.g.,

plasma levels of 3�,5�-tetrahydroprogesterone, and dehydroepiandros-

terone) [56].

The fact that BED, as opposed to anorexia nervosa and bulimia nervosa, is

not associated with perturbations on the aforementioned biological parameters

suggests that such disturbances are more likely associated with starvation,

underweight status, purging behavior, and/or excessive exercising than with

binge eating [52, 57]. Yet, a few recent studies using fine-grained functional

brain imaging techniques, such as single-photon emission tomography, found

reduced serotonin transporter binding in obese binge eaters compared to non-

binge eaters, which may be related to increased hunger and food intake [58].

Further, when exposed to food cues, obese binge eaters showed a greater

increase of the regional cerebral blood flow in the left than in the right hemi-

sphere, especially in the frontal and pre-frontal regions, than obese non-binge

eaters [59]. Significant associations between cerebral blood flow in the respec-

tive regions and increases of hunger during food exposure suggest that the left

hemispheric frontal and pre-frontal regions may be involved in the maintenance

of binge eating. Other studies have suggested a decreased satiety response in

BED. Geliebter and Hashim [60] found that binge eating, not obesity, was asso-

ciated with a higher gastric capacity, suggesting that binge eaters may need to

consume larger quantities of food in order to feel satiation through gastric

stretch or mechanoreceptors than weight-matched non-binge eaters. Thus, an

increased stomach capacity, slower gastric emptying, and, relatedly, decreased

release of cholecystokinin (a putative satiety hormone released in the duode-

num) may perpetuate large food intake through decreased satiety responses.

Further, Raymond et al. [61] found higher pain detection thresholds in obese

women with BED than without BED. These higher thresholds were assumed to

be related to vagal hypertonia, possibly maintaining binge eating through a

reduced satiety response.

Restraint

The DSM-IV research criteria define BED primarily by recurrent episodes

of binge eating in the absence of regular use of inappropriate compensatory

behavior such as fasting. In accordance with these criteria, individuals with

BED exhibit less dietary restriction than non-BED individuals. Obese individ-

uals with BED consumed significantly more calories than obese individuals

without BED when instructions for ‘normal’ and binge eating were given under

structured laboratory conditions [62], and consumed significantly more liquid
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meal during a 24-hour feeding paradigm [63]. In the natural environment, obese

binge eaters self-monitored increased caloric intake on binge days, but moder-

ate dietary restriction on non-binge days [64]. Accordingly, individuals with

BED were found to maintain greater dietary restraint, i.e. more attempts at

restricting food intake, on non-binge than on binge days [65]. Overall, individ-

uals with BED report moderate levels of dietary restraint, which are higher than

in the normal weight population, lower than in bulimia nervosa and anorexia

nervosa, but similar to weight-matched non-BED obese [66–69]. Dietary

restraint was found to be unrelated to binge eating frequency in obese outpa-

tients with BED, but positively associated with eating disorder psychopathol-

ogy (i.e. concerns on shape, weight, and eating), suggesting that dietary

restraint does not impact binge eating directly, but indirectly via eating disorder

psychopathology [70]. Based on these results, it cannot be ruled out that binge

eating may be maintained by moderate dietary restriction and restraint. Yet

binge eating clearly appears associated with a general tendency towards eating

disinhibition, e.g., eating in response to emotional or external cues [48, 66, 71],

overeating habits, and chaotic eating patterns. For example, obese individuals

reported binge eating problems frequently in association with ‘grazing,’ a

pattern of recurrent subjective episodes of binge eating (as defined as

consumption of an ordinary amount of food, accompanied by a sense of loss of

control over eating) [72].

Negative Mood

Negative mood is presumably the most well-established antecedent of

binge eating in BED, with support from studies using retrospective [71,

73–76] and concurrent self-report [77–79] as well as experimental designs

[80, 81]. To highlight some of the findings, a study utilizing handheld com-

puters for the assessment of daily eating behavior in the naturalistic setting

(‘ecological momentary assessment’ technology) [82], found obese individu-

als with BED to experience more negative mood prior to binge eating than

obese individuals with subclinical binge eating, and mood was lower prior to

binge eating than prior to regular episodes of eating or independent from eat-

ing [78]. Further antecedents of binge eating in BED were low alertness, feel-

ings of low control over eating, and craving sweets. An experimental study

investigated the effects of negative mood induction and caloric deprivation on

binge eating in obese women with BED [81]. The combination of negative

mood and caloric deprivation increased the occurrence of objective episodes

of binge eating (as defined by consumption of an unambiguously large amount

of food, accompanied by loss of control over eating; see DSM-IV). Negative

mood, but not caloric deprivation, increased subjectively perceived binge eating

(defined above). These results suggest that both negative mood and dietary
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restriction account for binge eating pathology in BED. Here, dietary restriction

appears to potentiate the triggering effect of negative mood on loss of control

over eating.

Negative mood may be particularly important as a maintaining factor in a

subgroup of individuals with BED. Subtyping of BED women along dietary

restraint and negative affect dimensions showed a low negative affect subtype

(LNA; 64–70% of cases) and a high negative affect subtype (HNA; 30–36% of

cases), both associated with moderate levels of dietary restraint and relatively

stable over time [83–85]. The HNA subtype is characterized by significantly

greater eating disorder and general psychopathology (e.g., more eating, weight,

and shape concerns; more comorbid and/or lifetime depressive disorders;

higher levels of associated psychiatric disturbance and social maladjustment).

Both the HNA and the LNA subtypes may be maintained by moderate levels of

restraint; individuals with HNA may additionally make greater use of binge

eating as a measure of affect regulation [37]. Consistently, the fact that patients

of the HNA subtype reveal poorer outcome after cognitive-behavioral self-help

treatment than patients of the LNA subtype [85] suggests that such additional

maintaining mechanisms may be in place, making the HNA subtype more resis-

tant to change than the LNA subtype. Of note, in addition to negative mood

states, positive mood states were found to be associated with binge eating

episodes. For example, compared to women with bulimia nervosa, overweight

women with BED reported greater enjoyment while consuming binge food and

less negative consequences following binge eating episodes (e.g., physical dis-

comfort) [75], suggesting that hedonics may play a role as maintaining factors

of binge eating in BED.

Body Image Disturbance

Body image disturbance presents against a sociocultural background that

idealizes thinness and physical fitness and simultaneously stigmatizes over-

weight and obesity [86]. Individuals with BED exhibit a body image distur-

bance that is as severe as in bulimia nervosa; specifically, individuals with

BED are strongly concerned with body shape and weight, over-evaluate the

importance of shape and weight, and reveal more negative body-related think-

ing, body dissatisfaction, feelings of fatness, and discomfort with and avoid-

ance of seeing one’s body as compared to weight-matched individuals without

eating disorders [68, 71, 87–92]. Body image disturbance appears to result

from eating disorder psychopathology rather than from obese body weight,

since patients with BED present similarly on shape and weight concerns, irre-

spective of their degree of overweight [71]. Using structural equation model-

ing, shape and weight concerns were identified as maintaining factors of binge

eating in individuals with BED [93] and there is evidence that over-evaluation
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of shape and weight is associated with less spontaneous recovery in BED over

a six-month follow-up period [14].

Environmental and Other Psychosocial Factors

As evidenced by experimental test meal studies, obese individuals with

BED consume more food and energy when greater number and quantities of

foods are available [94, 95]. This tendency to eat in response to food cues may

be mediated by a subjective desire to eat: when exposed to food cues, obese

binge eaters experienced greater subjective desire to eat than obese non-binge

eaters [51, 96], suggesting that an increased subjective reactivity to food cues

likely contributes to the maintenance of binge eating.

There is further evidence that experience of daily stress, but not the number

of stressors, is a precursor of binge eating [79, 97].

Cognitive-Behavioral Model of BED

Several theoretical models have been developed to explain the mainte-

nance of binge eating, the most clinically relevant of which may be the cog-

nitive-behavioral model. Originally developed for bulimia nervosa [98],

Castonguay et al. [1] adapted it to BED by considering the impact of being

overweight, a lesser role of restraint, and negative mood as a trigger of binge

eating (fig. 1). In this cognitive-behavioral model of BED, low self-esteem is

seen as giving rise to weight and shape overconcern and negative affect.

Weight and shape overconcern increases motivation to diet. Binge eating is

partially consequence of physiological and cognitive mechanisms related to

dieting. Also, binge eating occurs as an avoidance coping response to nega-

tive affect which is increased by low self-esteem. Detrimental effects of binge

eating on mood and self-esteem and compensatory dieting efforts perpetuate

Weight and shape overconcern

Dieting

Low self-esteem

Binge eating

Negative affect

Fig. 1. Cognitive-behavioral model of the maintenance of binge eating disorder

(with permission from [1]).
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this vicious cycle. An empirical test of the cognitive-behavioral model con-

firmed most of the postulated associations within the model using structural

equation modeling [93]. As opposed to the model, weight and shape over-

concern directly predicted binge eating, while both restraint and negative

affect were influenced by shape and weight overconcern, but were not signif-

icantly associated with binge eating. These results underline the central role

of body image disturbance as a maintaining factor of binge eating in BED.

Additionally, this study found low self-esteem to be predicted by high levels

of perfectionism (e.g., perceived pressure to conform to unrealistically high

expectations from others). Consistently, a recent extension of the cognitive-

behavioral model of bulimia nervosa by Fairburn and colleagues [99], the

transdiagnostic theory, conceptualizes clinical perfectionism as an additional

maintaining factor of eating disorder psychopathology. The transdiagnostic

theory assumes that the psychopathology of BED, bulimia nervosa, anorexia

nervosa, and other EDNOS is maintained by similar psychopathological

processes and that additional mechanisms complicate the maintenance of the

psychopathology of certain eating disordered patients. Other additional

mechanisms that may occur in BED are core low self-esteem, a fundamental

and global negative view of oneself; mood intolerance, i.e. inability to effec-

tively regulate both negative and positive mood states, and interpersonal

difficulties that trigger binge eating episodes. Future research will need to

comprehensively test the postulated maintaining mechanisms of binge eating

in BED.

Conclusion

Since BED was defined as a psychiatric disorder in need of further study,

research has substantially increased knowledge on course, etiology, and

maintenance of this disorder. BED presents as a complex condition that is pre-

sumably determined and maintained by multiple biological, psychological, and

social factors, associated with and likely increasing the risk of obesity. Table 1

summarizes current knowledge about course, etiology, and maintenance of the

disorder.

Challenges for future research include further understanding hereditary

and psychosocial risk factors of BED and the mechanisms of interaction

between these factors; psychobiological correlates of binge eating and feeding

behavior; the natural course of BED, especially regarding stability and ten-

dency of spontaneous remission; and the relationship between binge eating and

obesity in the development of BED. Since most of the studies to date have been

conducted on Caucasian females, future investigations will need to explicitly
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include male and racial or ethnic minority samples. Enhancing knowledge on

course, etiology, and maintenance of BED is essential not only to clarify the

nosological status of this disorder [100], but also to refine empirically informed

approaches to treatment and prevention.
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The eating disorders bulimia nervosa (BN) and binge eating disorder

(BED) share the common symptom of binge eating as well as other psycholog-

ical and behavioral characteristics. Probably due to this fact, the literature and

research on the treatment of BED has been influenced heavily by the BN treat-

ment literature. Therefore, treatments that were proofed to be efficacious for

BN patients (particularly cognitive behavior therapy (CBT) and interpersonal

therapy (IPT)) plus dialectical behavior therapy (DBT) were modified and used

in the treatment of BED. Each of these treatments targets primarily a reduction

in binge eating and associated mechanisms (e.g. relationships in IPT, affect in

DBT), and secondarily weight management. Beside psychotherapy, the treat-

ment of BED comprises traditional behavioral weight loss programs, dietary

treatment and pharmacotherapy. Interestingly, traditional behavioral weight

loss programs and dietary treatments produced weight loss and decreased binge

eating. Antidepressant medication resulted in modest reductions in binge eating

compared with placebo and, in some studies, weight loss.

Uncertainty actually exists about the most effective treatment of obese

BED patients. The greatest controversy exists between exponents of the disorder-

specific treatments and the experts in obesity treatment. For the first ones, the

primarily aim of treatment is the reduction of binge eating, increasing body

image and treatment of comorbid psychological disorders. The latter  primarily

have the aim of achieving weight loss. Regarding the coexistence of several

etiological and maintaining factors of BED, it becomes obvious that different

aspects of the disorder are relevant for treatment and that they can be targeted
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with different priorities. The question for the most effective intervention has

not yet been definitively answered. This is also true for the individual differen-

tiated assignment of BED patients to one specific treatment according to

relevant predictors of treatment outcome.

The following gives a review about empirical studies for the treatment of

BED, implicating psychotherapeutic treatment approaches with their specific

contents, behavioral weight loss programs as well as treatment studies with

pharmacotherapy. After the review of the available evidence, future directions

for the research and treatment of BED will be discussed.

Psychological Treatment of BED

Cognitive Behavioral Therapy (CBT – Therapist-Led)

CBT for BED was modified by Fairburn et al. [1] according to the treat-

ment of BN. CBT treatment approach of BED focuses on the eating disturbance

and the associated problematic cognitions and attitudes toward eating, body

shape, and weight. Food intake should be neither over- nor under-restrictive and

the treatment focuses on a regular food intake with three principal meals and two

to three snacks per day. Furthermore, the reduction of the intensity, duration and

frequency of the binges is emphasised. The most central cognitive-behavioral

techniques include self-monitoring, stimulus control, nutritional rehabilitation,

problem solving, cognitive restructuring, and relapse prevention. Physical activ-

ity should be increased during treatment. The primary goal in CBT is the control

of binge eating, which for many researchers is necessary before obese persons

can lose weight. That is, efforts to reduce weight should be postponed until

binge eating is controlled. 

Several studies have shown the effectiveness of CBT for significantly

reducing binge eating and decreasing depressive symptoms and negative body

image [2, 3]. Reduction rates of binges differ clearly between less than 50% up

to more than 90% [4, 5]. The mean abstinence rate of binges resulted between

41 and 66%, although a significant reduction in the number of binges after

therapy [6–8]. These positive treatment results, significant reduction in number

of binges and moderate abstinence of binges, decreased after treatment but

compared to the condition before therapy there still resulted a significant long-

term improvement [4, 7, 9]. Extending treatment duration enhanced the

achievement rate of CBT [8]: after 12 weekly treatment sessions, achievement

rate was 50%, whereas after 24 weekly sessions the rate was 66.7%. Also

Fichter et al. [10] found after a CBT treatment of BED significant improve-

ments of binges during treatment, a small but not significant worsening during

the first 3 years after treatment, and again an improvement and stabilization
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after 4, 5 and 6 years. Six years after treatment completion, only 5.9% were

suffering from BED, 7.4% suffered from BN and 7.4 showed another eating

disorder. Simultaneous to the improvement of the core symptom of BED, there

was also a significant reduction in depression, anxiety, somatization and other

psychological symptoms [10].

Unfortunately, CBT is quite ineffective for weight loss in obese BED

individuals, but BED patients who are abstinent from binge eating at the end

of treatment are most likely to maintain their weight reduction at the 12- to 

18-month follow-up [6, 7]. In a recent study comparing cognitive therapy (CT)

with behavioral therapy (BT) in the reduction of binge eating and weight loss in

BED and non-BED obese subjects, Nauta et al. [11] found different results

of these two treatment conditions for binge versus weight reduction. CT was

more effective than BT in terms of abstinence from binge eating at the 6-month

follow-up (86 vs. 44%), but BT resulted in greater weight loss than CT at the

same time point (�2.4 vs. �0.1 kg). Furthermore, subjects diagnosed with BED

at pretreatment were more likely to show weight gain at follow-up than non-

BED individuals.

Several authors refer to CBT as the BED treatment of first choice [12–17].

Although such promising results, other treatment approaches seem to be as

effective as CBT [5, 9, 18].

Cognitive Behavioral Therapy (CBT – Self-Help)

Self-help approaches in generally provide several advantages over tradi-

tional therapist-led treatments because they are less expensive and easily

disseminated. Also for BED individuals cognitive-behavioral techniques can be

delivered effectively using self-help formats. Fairburn [19] developed a self-

help manual including cognitive-behavioral techniques (e.g. self-monitoring,

stimulus control, problem solving, cognitive restructuring). Carter and Fairburn

[14] compared in a controlled effectiveness study a pure self-help condition

with a partial self-help (some sessions were guided by a paraprofessional) con-

dition. At the end of treatment, both treatment conditions were significantly

better than the waiting-list control group and the abstinence rates were 43% for

the pure self-help and 50% for the partial self-help condition. At the 6-month

follow-up these improvements in reducing binge eating could be maintained.

Wells et al. [20] could confirm these abstinence rates using the same self-

help manual with biweekly telephone guidance, whereas these findings are lim-

ited by an uncontrolled study design. Peterson et al. [15] evaluated three

different self-help approaches in a group format: therapist led, partial self-help,

and pure self-help. These types of groups were all compared with a waiting-list

control group. There were no differences between the three self-help conditions

concerning binge eating or abstinence rates. All three treatment groups were
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significantly superior to the waiting-list control group. Also for the 6- and 

12-month follow-up the three self-help approaches resulted in significantly

better improvements than the waiting-list condition [17]. Ghaderi et al. [21]

compared the efficacy of self-help without and with guidance (pure vs. guided

self-help) for patients with BN and BED using the cognitive behavioral self-

help manual of Fairburn [19]. The results indicate that both forms of self-help

approaches have a modest effect on the eating pathology also at the 6-month

follow-up. Methodologically, these findings should be interpreted cautiously

concerning the heterogeneity of the diagnostic groups and the lack of a control

group.

Interpersonal Therapy (IPT)

Klerman et al. [22] developed the interpersonal therapy (IPT) for the treat-

ment of depression. Furthermore, Fairburn et al. [23] adapted IPT for the treat-

ment of individuals with BN. In a next step, Wilfley et al. [5] again modified

the IPT for the treatment of BED following the precedent one of BN. IPT has

been examined as an alternative treatment to target binge eating by directly

addressing the social and interpersonal deficits observed among these individ-

uals. Binges follow interpersonal conflicts and the resultant negative mood.

Handling these interpersonal problems corresponds to the main impact factor

of the treatment, which leads indirectly to the reduction of binges; hence, a

strong correlation between negative mood, low self-esteem, interpersonal rela-

tionships and eating behavior is assumed [23].

The IPT treatment approach produces a clinically significant reduction in

binge eating: Wilfley et al. [5] randomized 56 nonpurging bulimic individuals to

either CBT or IPT. Both treatments were more effective than a waiting-list

control condition in reducing the number of binge days at the end of treatment,

although both treatments were associated with significant increases in binge

eating at the 1-year follow-up. The rates of abstinence for at least 1 week at the

12-month follow-up were comparable between the two conditions (CBT � 46%,

IPT � 40%), but neither resulted in significant weight loss. In a larger replica-

tion of this randomized study, Wilfley et al. [9] found that binge eating rates

were reduced significantly after 20 weeks of either CBT or IPT and that the two

treatments were comparable in efficacy. Again binge eating rates increased at

the 1-year follow-up, but 59% of CBT subjects and 62% of IPT subjects

remained abstinent. Furthermore, abstinence from binge eating in either treat-

ment condition enhanced long-term weight loss, which did not differ between

the two treatments at the 12-month follow-up.

Agras et al. [6] studied a sample of BED patients who were not success-

fully treated for their BED after CBT, but also after an additional IPT the core

symptoms of BED did not get better.
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Dialectical Behavior Therapy (DBT)

Telch et al. [24] adopted dialectical behavior therapy (DBT) for binge

eating disorder. A considerable amount of research evidence supporting the

affect regulation model of binge eating exists (for review, see Polivy and

Herman [25]). Because binge eating may serve as a way to cope with underly-

ing affective conditions, the DBT treatment model postulates that binge eating

serves to regulate affect. DBT, a treatment found to be effective for borderline

personality disorder [26], specifically targets emotion regulation by teaching

adaptive skills to enhance emotion regulation capabilities. 

So far, two studies examined the efficacy of DBT for women with BED:

In an uncontrolled study, Telch et al. [27] found that a 20-week trial of DBT

resulted in a substantial reduction in binge eating and an 82% binge eating

abstinence rate at post-treatment. At the 6-month follow-up, the abstinence rate

decreased to 70% at the 6-month follow-up and the average weight loss for sub-

jects at the same time point was 3.9 kg. In a controlled replication of this study,

Telch et al. [24] found that DBT was more effective than a waiting-list control

condition in the reduction of binge eating and produced an abstinence rate of

89% at the end of treatment, which decreased to 56% at the 6-month follow-up.

DBT showed at least modest weight loss (2.5 kg) at the end of treatment. Weight

loss was not examined at follow-up. Compared to no treatment, the group DBT

is better in eliminating binge eating [24], but unfortunately the comparison to

any other treatment condition is so far outstanding.

Behavioral Weight Loss Programs – Dietary 

Treatment of BED

Behavioral weight loss programs to BED treatment emphasis primary on

weight reduction. The reduction of binge eating is neither an explicit nor an

implicit aim of treatment. These behavioral weight loss programs only limit

calorie intake and increase physical activity, both on the bias of behavioral

strategies. Interestingly, despite this unspecific emphasis concerning binge

eating, traditional behavioral weight loss programs have been effective in

reducing binges in BED individuals [28–30]. 

Besides the reduction in binge eating these treatment approaches cause also

moderate weight loss [30–33]. This seems particularly to be so in BED individu-

als with moderate binge eating pathology [34]. Marcus et al. [29] and Porzelius

et al. [34] could show that BED individuals lose more weight in behavioral weight

loss programs than with CBT or IPT. Women with BED could reduce their weight

in a behavioral weight loss program but didn’t change their weight with CBT

[29]. One year after completion of treatment the women in the behavioral weight
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loss program regained their weight; the ones in the CBT condition didn’t change

their weight again. A study by Goodrick et al. [31] could confirm the first part of

this result, but the BED individuals in the CBT condition even had increases in

their weight during treatment. Nauta et al. [11] also achieved increasing weight

with CT (cognitive therapy), not only for the end of treatment but also for the 

6-month follow-up.

A specific type of behavioral weight loss programs is very low calorie diet

programs (VLCD), which are characterized with a significant reduction in the

daily calorie intake (about 800 kcal/day). VLCDs are conducted under medical

supervision and are accompanied by comprehensive weight management

programs, including behavioral interventions and nutritional education [35].

Recent studies have examined the effect of VLCDs on BED individuals and

they show a significant weight loss (17.5 kg by the end of treatment) as well as

a significant reduction in binge eating [36, 37]. But the obvious weight loss

resulted at the 12-month follow-up in a weight increase about 75%. Both stud-

ies report a significant impact of VLCDs on binge eating, that means 57% and

33% of BED individuals no longer met the diagnostic criteria at the 6- [37] and

12-month follow-ups [36], respectively.

Comparable with traditional behavioral weight loss programs, the VLCDs

also have a significant impact on binge eating behavior, in spite of the absence

of any specific intervention targeting binge eating. And concerning weight loss,

BED subjects do as well in the VLCD programs as non-BED subjects [36, 37].

The effectiveness of behavioral weight loss programs and VLCDs is sur-

prising, considering that such treatment approaches do not focus on the core

symptom of BED, namely, the binges. These results are encouraging because

with these programs two goals in the treatment of obese BED subjects can be

achieved: reduction of binges and of body weight. 

Overall, a variety of different psychological treatments of BED inclusive

of behavioral weight loss programs appear to be comparably effective in reduc-

ing binge eating. CBT and IPT achieved similar short-term and long-term

results in the treatment of BED [5, 9]. Behavioral weight loss programs turned

out in the short-term to be as effective as CBT for BED [28–30]. It should be

noted that 6- and 12-month follow-ups showed that CBT was superior to the

behavioral weight loss program concerning the abstinence of binge eating [38].

Other therapies which have been shown to be effective in treating BED are

DBT [24, 27] and guided self-help based on CBT principles [14].

These results raise some questions about treatment specificity, e.g. CBT

was equal to IPT in enhancing interpersonal functioning, although CBT did not

target interpersonal behavior. Similarly, IPT was equal to CBT in reductions in

dietary restraint at long-term follow-up, even though the topic of dietary restraint

is not targeted in IPT [9]. The reduction in binge eating obtained with different
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psychological treatment approaches is either consistent with a non-specific

treatment effect or the distinctive therapies affect some common factor of BED.

The above-mentioned psychological approaches to BED treatment display

reduced binge eating, but they show relatively minimal effects on weight loss

in the long-term. There seem to be no relevant differences between psycholog-

ical treatment approaches concerning weight loss. Only one study found a

behavioral treatment approach superior to cognitive therapy concerning weight

loss [11].

How can these minimal effects on weight loss be explained, considering

that the binges are successfully reduced and thus energy intake should be

decreased? One possible explanation is that energy intake during binges may

be distributed to the non-binge-eating caloric intake.

Regardless of the treatment approach, the long-term abstinence of binge

eating turned out to be the most predictive variable for long-term weight loss

[9]. For an overview in table form of the currently existing BED treatment eval-

uations refer to Wonderlich et al. [39].

The conclusions to the psychological treatment approaches imply several

limitations: First, the study results are hard to generalize on both sexes because

most studies include women and the comparability of the studies is rather small.

Even though there has been a lot of work in the field of BED on its under-

standing and treatment in the last years, several methodological questions

remain unanswered: even in controlled studies different instruments are used to

assess binge eating behavior and its associated symptoms. Furthermore, in

most studies individuals with several forms of psychopathology were excluded.

Thus, the results may not be generalized to BED with these forms of comorbid

psychopathology, such as depressive disorders or personality disorder.

Although several BED treatment approaches were evaluated, most studies com-

pare two treatment conditions. So far no controlled evaluation exists that com-

pares all of the above-mentioned treatment approaches including the control

group. Such a study would implicate a multicenter procedure with optimal

standardization of recruitment, verification of diagnostic criteria, assessment,

and implementation of treatment.

Pharmacologic Treatment of BED

At present there is no established psychopharmacologic treatment for BED.

There are less controlled studies of pharmacologic treatment of BED compared

with controlled trials for BN. Currently, three main classes of drugs have been

studied in double-blind, placebo-controlled trials in BED: antidepressants,

centrally acting anti-obesity agents, and anticonvulsants. Using these three



Biedert 172

categories of medications for the treatment of BED individuals is based on

different theoretical rationales: the fact that BED subjects have a high lifetime

prevalence of major depressive disorder [40] provides the theoretical basis for

the use of antidepressants in the treatment of BED individuals. The second line

of evidence is that antidepressants have been shown to be effective in the treat-

ment of BN [41], which has common features with BED. For the use of cen-

trally acting appetite suppressants, the association of BED with overweight and

obesity offers the theoretical background. Additionally, binge eating is associ-

ated with increased appetite and reduced satiety and some anti-obesity drugs

reduce appetite, increase satiety, and induce weight loss [42, 43]. Because anti-

convulsants have been successfully used in the treatment of bipolar and impulse

control disorders [44, 45] and the comorbidity of BED with bipolar and impulse

control disorders, the use of anticonvulsants in the treatment of BED is of inter-

est. Additionally, some anticonvulsants have been associated with weight loss in

epilepsy patients [46]. In the following, the three categories of medications and

their effectiveness for the treatment of BED will be reviewed.

Antidepressants

The most studied group of antidepressants agents for the treatment of BED

are selective serotonin reuptake inhibitors (SSRIs). Thus, placebo-controlled

studies with fluoxetine, fluvoxamine, sertraline and citalopram have been

shown to modestly but significantly reduce binge eating frequency and body

weight in BED over the short term [47–50]. Controlled studies have also found

the tricyclic antidepressants desipramine and imipramine to be superior to

placebo in subjects with nonpurging BN and obese binge eaters [51, 52].

Malhotra et al. [53] evaluated in an open trial (nonrandomized, unblinded

and uncontrolled) the effectiveness of the novel antidepressant venlafaxine.

The drug blocks the reuptake of norepinephrine as well as serotonin [54].

Thus, venlafaxine has different attributes in common with other drugs: it shares

the serotonin reuptake blocking properties of SSRIs, the norepinephrine

reuptake blocking properties of tricyclic antidepressants, and the serotonin-

norepinephrine reuptake blocking properties of the anti-obesity drug sibu-

tramine [53]. Venlafaxine treatment resulted in significant reductions of

binge-eating frequency, severity of binge eating and mood symptoms, weight,

BMI, waist circumference and diastolic blood pressure [53]. These positive

results are preliminary due to the naturalistic and open label venlafaxine treat-

ment and should be confirmed with controlled trials.

Centrally Acting Appetite Suppressants

The first anti-obesity medication evaluated for the treatment of BED

was dexfenfluramine [55], which was superior to placebo in reducing binge
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frequency. But because of its association with cardiac valve lesions dexfenflu-

ramine is currently withdrawn from the market.

Although antidepressants are the pharmacological agents most often stud-

ied in the treatment of BED, preliminary results from an open trial suggests that

the anti-obesity agent sibutramine may also be effective in reducing binge eat-

ing behavior and body weight in BED associated with obesity [56]. Sibutramine

is a serotonin and norepinephrine reuptake inhibitor for the treatment of obe-

sity. Its efficacy in initial weight loss and weight maintenance is well proved in

short- and long-term clinical trials [57–60]. The drug induces weight loss by

affecting the physiological process of satiety and stimulating thermogenesis

[57]. On the bias of the preliminary evidence of the open trial, Appolinario

et al. [61] conducted subsequently a randomized placebo-controlled trial to

evaluate the efficacy and tolerability of sibutramine in obese individuals with

BED. Sibutramine turned out to significantly reduce the number of binge days,

which was associated with a significant weight loss and reduction in depressive

symptoms. Thus, the authors conclude that sibutramine is effective in the treat-

ment of obese individuals with BED by positively affecting main domains of

the eating disorder, namely binge eating, weight and depressive symptoms.

Anticonvulsants

The most extensively studied anticonvulsant in BED is topiramate. Two

open trials with obese BED patients report at least moderate reduction in fre-

quency of binges [45, 62] and weight [62]. Recently a subsequent randomized,

placebo-controlled trial [63] with the anticonvulsant topiramate replicated the

earlier findings: compared with placebo, topiramate was associated with a sig-

nificant reduction of frequency of binges, body mass index, weight and clinical

global impression [63].

The novel antiepileptic drug zonisamide is associated with weight loss. Thus,

McElroy et al. [64] preliminarily assessed in an open-label, prospective trial

zonisamide in the treatment of BED. Zonisamide was effective in reducing binge-

eating frequency, weight, and severity of illness. Further placebo-controlled trials

will show whether these preliminary positive results can be replicated.

For an overview in table form of the currently existing evaluations of phar-

macologic treatment of BED is to refer to Carter et al. [65].

Controlled and uncontrolled studies of BED pharmacotherapy indicate that

a range of different medications might be effective in the treatment of BED.

Despite these preliminary promising results there are some limitations to take

into account. There are no long-term data on the efficacy of any drug in BED

patients because all trails range only from 6 to 14 weeks’ duration. Another crit-

ical point is the high response on placebo in BED patients. However, this is not

exclusive to BED concerning high placebo response in clinical trials in anxiety
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disorders and major depression [66–69]. Furthermore, the exclusion of individ-

uals with psychiatric comorbidity minimizes the generalization of the findings

because obese BED patients have usually associated comorbid conditions. The

fact that in some studies BED patients received other treatments (e.g. behavioral

dietary counselling, psychotherapy) makes the attribution of the reduction of

binge eating and/or weight difficult.

At last, the mechanism of action of pharmacological agents on BED is so

far unknown [46] and still has to be evaluated.

Combination of Psychotherapy and Pharmacotherapy

The most added and studied medications in a combined treatment approach

for BED are antidepressants [28, 52, 70–72], and psychotherapy consists of

CBT with or without behavioral weight loss. CBT resulted superior to drug

treatment alone [70–72] and in almost all trials medication did not add to the

efficacy of CBT in reducing binge eating frequency [28, 70–72]. Agras et al.

[28] could show that antidepressant medication can enhance weight loss beyond

the effects of CBT and behavioral weight loss.

In a randomized, double-blind, placebo-controlled study, Bauer et al. [73]

assessed the effect of sibutramine in obese subjects with and without subclinical

BED. Subjects were randomly assigned to 16 weeks’ treatment with either sibu-

tramine or placebo while simultaneously participating in a cognitive-behavioral

group weight loss program. Sibutramine combined with the weight loss program

increased weight loss in subjects with and without subclinical BED compared to

the weight loss program alone. Concerning the binges, only the behavioral

weight loss program but not sibutramine improved binge eating frequency and

eating-related psychopathology [73].

Conclusions

Psychological (CBT, IPT, DBT) and dietary approaches to BED treatment

show reasonable efficacy in reducing binge eating, but limited to moderate effi-

cacy in weight loss. The mentioned treatment approaches are effective for about

50–60% of BED patients [74]. CBT proved to be effective in reducing binge

eating frequency and intensity and associated symptoms. The treatment efficacy

of IPT is similar to that of CBT. Preliminary results of the DBT treatment approach

also show it to be an effective treatment possibility for BED patients in enhancing

eating psychopathology. Behavioral weight loss programs reduced binge eating

behavior and weight; however, the long-term maintenance of the achieved weight

loss is mostly bad. Behavioral weight loss programs have two advantages over
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CBT and IPT concerning the significant weight loss (at least in the short term) and

it is easier to disseminate because it does not require the same training and exper-

tise and is so implementable by different health care professionals.

The fact that different psychological treatment approaches with different

content and emphasis are effective in treating BED patients raises the question

about specific and non-specific treatment effects and about predictors of treat-

ment outcome. Despite the findings on the apparent non-specificity of treat-

ment response in BED, it would be too early to conclude that all BED patients

respond equally well to all treatment approaches [75] because non-specific

influences should be controlled in further studies. So far, the results concerning

predictors of outcome in obese BED patients are heterogeneous. Variables that

resulted significant in one study could not be replicated in others. But there is

a homogenous result for a negative predictive value of the treatment outcome

for the age of onset of BED [6, 8], the severity of binge eating [4, 6, 7], num-

ber of binges before treatment [16], and reduced self-efficacy [76, 77]. These

findings let us assume that the longer and more chronic the eating pathology,

the more difficult is its successful treatment. Unanswered are questions about

predictive variables in connection with obesity (e.g. age of onset of obesity,

number of diets, weight before treatment).

For the pharmacological treatment of BED there are actually three classes

of agents that are potentially usable: antidepressants, anti-obesity medications,

and anticonvulsants. Currently, antidepressants, and within this class the SSRIs,

are the most studied drugs for BED treatment. SSRIs are shown to modestly

reduce binge eating and weight. The anti-obesity medication sibutramine turned

out to be also effective in decreasing binge eating behavior and weight. The

same resulted from the evaluation of topiramate and zonisamide, both novel

anticonvulsants. All this medications seem to be associated with positive effects

on binge eating and weight in BED patients; however, questions about the opti-

mal duration of treatment, the long-term maintenance of effects after cessation

of drugs, optimal medication selection, dosing, and the efficacy of combined

treatment approaches to BED (psychotherapy and pharmacotherapy) are still

unanswered. More and larger randomized and controlled trials are needed for

further evaluation and comparison of the effects of the different medications.

BED seems to be quite a reactive disorder that remits spontaneously without

clinical attention and has a strong placebo response rate. But the latter is not spe-

cific to BED. Two studies with community samples show that without treatment

partial remissions of BED of 48% and 90%, respectively, after 6 months [78] no

longer met the criteria at the 5-year follow-up [79]. Carter et al. [14] found a 34%

reduction in binge eating during a 3 months’ waiting list control condition. And

even if the mentioned drugs are effective for the treatment of BED, the strong

placebo responses suggest a conservative use of medications in BED: placebo



Biedert 176

response rates for BED are high across all the three main classes of drugs [47];

i.e. 46% [50, 63]. As cited in Stunkard and Allison [80], many trials with phar-

macotherapy, independent of the diagnostic categories, use a 50% reduction in

symptoms as criterion of responder status. Concerning this criterion, placebo

responses in the treatment of BED are close to an effective treatment. The strong

placebo responsiveness and the modest weight loss question the value of phar-

macotherapy in the treatment of BED [80] or at least argue for a conservative use

when administered alone.

Actually, there are several effective possibilities to treat obese patients with

BED although not all mentioned treatment approaches have the same status of

evaluation and some findings are still preliminary. Further controlled research in

both domains, psychotherapy and pharmacotherapy, is needed to find out effec-

tive treatment approaches. Particularly more research about outcome predictors

is required to direct individual patients toward the most efficacious treatment

approaches. This concerns BED in the adult population, but there are also open

questions concerning BED in children and adolescents [81]. For further reading

about BED in childhood see the chapter by Munsch and Hilbert in this volume

[pp. 180–196].
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The research criteria of binge eating disorder (BED) were included in the

4th edition of the Diagnostic and Statistical Manual of Mental Disorders in

1994 [1]. Increasing evidence suggests that BED is associated with significant

psychopathology and comorbidity [2]. Already children and adolescents may

suffer from the symptomatology of BED [3, 4]. In this chapter, we describe the

current state of research on symptomatology, epidemiology, etiology, and out-

line guidelines for the treatment of BED in childhood.

Description and Classification

Adults with BED suffer from regular binge eating episodes, during which

they typically ingest large quantities of food and experience a sense of loss of

control over eating [1]. As opposed to individuals with bulimia nervosa (BN),

individuals with BED do not engage regularly in compensatory behavior such

as purging, fasting or excessive physical activity. Eating behavior in BED is

usually chaotic and characterized by a general tendency to overeat [5–7]. Binge

eating is often triggered by emotional cues, especially negative mood [8, 9] and

may serve for affect regulation purposes, e.g. coping with negative mood states

such as anxiety [10]. In clinical samples, most BED patients are obese [11–13;

see also Tuschen-Caffier and Schlüssel, this vol., pp. 138–148].

Binge eating without regular compensatory behavior was found to occur in

children and adolescents, in clinical and population-based samples [see e.g. 3].

Loss of control over eating emerges during regular meals or special occasions
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such as parties or restaurant visits [14]. Similar to BED in adults, a sense of loss

of control, but not the amount of food intake seems to influence the subjective

experience of binge eating [14]. Loss of control is further associated with greater

eating disorder and general psychopathology (e.g. anxiety and depressiveness),

a higher BMI and higher body fat percentage [15–19].

Despite similarities of adult and child symptomatology of BED, the DSM-IV

research criteria of BED may not fully apply to children. For example it remains

unclear how binge eating and especially loss of control presents, if children’s

access to food is usually regulated by their parents [14, 20]. Children may also

show a greater fluctuation of their eating disorder symptomatology over time,

therefore the time criterion (i.e. recurrent episodes of binge eating, at least 

2 days a week for 6 months) may need to cover a shorter time period for the

diagnosis of BED in childhood and adolescence [21]. Further, it remains unclear

whether children and adolescents experience feelings of guilt, depressiveness or

disgust following binge eating, as it is definitional for adult BED [1].

In other childhood onset eating disorders such as anorexia nervosa (AN)

and BN, age-adapted diagnostic criteria have shown to be more reliable for

classification than criteria to classify mental disorders in adults (Great Ormond

Street Criteria) [22, 23]. Accordingly, Marcus and Kalarchian [2] proposed pre-

liminary criteria for BED in childhood and adolescence younger than 14 years

of age. These research criteria have not yet been validated empirically (table 1).

Epidemiology

Based on different definitions of binge eating, the prevalence of regular binge

eating episodes in children and adolescents ranges from 7 to 28% [19, 24–29].

Table 1. Provisional BED research criteria for children [3]

a. Recurrent episodes of binge eating: an episode of binge eating is characterized by both of the following

1. Food seeking in the absence of hunger (e.g. after a full meal)

2. A sense of lack of control over eating (e.g. endorse that, ‘When I start to eat, I just can’t stop’)

b. Binge episodes are associated with one or more of the following

1. Food seeking in response to negative affect (e.g. sadness, boredom, restlessness)

2. Food seeking as a reward

3. Sneaking or hiding food

c. Symptoms persist over a period of 3 months

d. Eating is not associated with the regular use of inappropriate compensatory behaviors (e.g. purging,

fasting, excessive exercise) and does not occur exclusively during the course of anorexia nervosa or

bulimia nervosa
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This wide variation is due to the almost exclusive assessment of regular binge

eating with self-report questionnaires. In contrast to this, the prevalence of the full

syndrome of BED according to the DSM-IV criteria in children and adoles-

cents is most often assessed with interviews and amounts to 1–3% [17, 20, 29].

Until now, most research on binge eating in children and adolescents is based

on self-report questionnaires. Décaluwe and Braet [30] recommend face to face

clinical interviews to assess disordered eating behavior in children for further

research (e.g. ChEDE, Child EDE [31]). For an overview of the prevalence of

binge eating behavior and BED in childhood in different populations, see table 2.

Research about the course and outcome of binge eating and BED in the pedi-

atric population is at a very early stage [see also Hilbert, this vol., pp. 149–164].

Although Stice et al. [32] showed a moderate stability of uncontrolled eating from

birth until the age of 5 years and although in other eating disorders (AN, BN)

symptoms often present in childhood as well as in adults [33–35], it is largely

unknown if binge eating in childhood is continuous with BED in adulthood [3].

Assessment

The assessment and diagnosis of the symptomatology of BED is usually

based on the exploration of child, parents (especially if young children are con-

cerned), and other significant others [36, 37].

For the assessment of the symptomatology of BED in children at 9–11 years

of age self-report questionnaires may be useful [36]. Structured interviews, how-

ever, likely improve reliability of diagnosis [30, 38, 39]. An advantage of struc-

tured interviews such as the ChEDE [31] for the diagnosis of childhood eating

disorders is that the interviewer can provide definitions and assure understanding

of complex characteristics such as binge eating or sense of loss of control.

Further information about daily nutritional and eating behavior may be assessed

by self-monitoring (e.g. when, what, and how much was eaten) [40].

Table 3 shows a selection of questionnaires and structured interviews for

the assessment of BED symptomatology in children and adolescents, available

in English and German. In addition, self-report questionnaires that have not yet

been validated in German, e.g. the Children’s Eating Behavior Inventory (CEBI

[41]) and the Questionnaire of Eating and Weight Patterns – Adults version

(QEWP-A, [42]) were frequently applied in English.

Etiology

Retrospective risk factor studies in adults with BED [43–49] suggest a range

of adverse childhood experiences as for example shape and weight teasing as
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Table 2. Prevalence of binge eating behavior and BED in children and adolescents

Authors Sample characteristics Study design Assessment methods Definition of binge eating 

(n, age, sex, mean body behavior or BED and point 

mass index, BMI) prevalence rates

Population-based surveys: Binge eating

Whitaker et al. [24] 5,996 students, 14–17 cross-sectional Eating Symptoms Inventory, binge eating, loss of control over eating

years questionnaire [24] not defined

binge eating episodes: 33% M, 7% F

recurrent binges: 19% M, 6% F

Childress et al. [25] 3,175 students, 10–13 cross-sectional Kids’ Eating Disorders Survey, binge eating, defined as intake of large

years questionnaire [25] amounts of food eaten within 2 hours

binge eating: 26.3% M, 6.5% F

Ledoux et al. [80] 3,287 students, 12–19 cross-sectional, survey including self-report binge eating, defined as eating an 

years  (1,541 males, retrospective questionnaire focusing on enormous amount of food with the fear

1,716 females) (12 months) eating behaviors [81] of not being able to stop.

binge eating: 20.5% M, 28.1% F

binge eating episodes twice a week: 

2.7% M, 3.7% F

Devaud et al. [82] 1,084 female students, cross-sectional Swiss Multicenter Adolescent binge eating, not specified: 9.1% at least

15–20 years Health Survey, a self-report once a week

questionnaire focusing on 

eating behavior [83, 84]

Field et al. [26] 26,765 students, 9–14 cross-sectional Nurses’ Health Study II, binge eating, not specified, at least 

years survey: McKnight Risk Factor monthly: 0.8% M, 1.9% F

Survey [85], Youth Risk 

Behavior Surveillance System

questionnaire [86] 
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Authors Sample characteristics Study design Assessment methods Definition of binge eating 

(n, age, sex, mean body behavior or BED and point 

mass index, BMI) prevalence rates
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Croll et al. [27] 81,247 students, 14–17 cross-sectional, Minnesota Student Survey, binge eating, defined as eating a large

years retrospective self-report questionnaire amount in a short period of time with 

(12 months) [86–88] an out of control-feeling over eating.

binge eating: 12.5% M, 25.6% F

Population-based surveys: bed

Ackard et al. [17] 4,746 students, 11–18 cross-sectional Project EAT (Eating Among binge eating syndrome, defined as 

years (2,377 males, Teens) survey [17], sections objective overeating, loss of control 

2,357 females) of adult version  ‘a few times a week’

Questionnaire of Eating and subclinical level of binge eating, 

Weight Patterns-Revised defined as objective overeating and loss

QEWP-R [89] of control: 2.4% M, 7.9% F, every day: 

0.9% M, 3.1% F

overeating, defined according to 

QEWP-R: 7.8% M, 17.3% F

Johnson et al. [29] 822 students, 14–19 years cross-sectional Questionnaire of Eating and bed, defined according to QEWP-A: 1%

(47.45% males, 52.55% Weight Patterns – adolescent varying degrees of subthreshold binge

females)a version QEWP-A [42] eating problems: 26% African-American 

boys, 19% white boys, 17% African-

American girls, 18% white girls

Morgan et al. [14] 112 children, 6–10 years, cross-sectional Questionnaire of Eating and bed, defined according to QEWP-A: 5.3%

52 males, 60 females, Weight Patterns – adolescent loss of control over eating: 33.1%

BMI � 85.  version QEWP-A [42]

Percentile
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Obese treatment-seeking samples 

Berkowitz et al. 51 girls, 14–16 years, cross-sectional diagnostic interview manifest binge eating, not specified: 30%

[90] mean BMI 36.7

Severi et al. [91] 52 obese children, cross-sectional clinical interview following binge eating problems, not specified: 

13–19 years DSM-IV criteria [92] 18% M, 27% F

Britz et al. [28] 47 students, 15–21 years, cross-sectional Munich-Composite binge eating episodes, defined as having 

17 males, 30 females, International Diagnostic ever experienced episodes of intake of 

mean BMI 42.4 Interview [93] large amounts of food with lack of 

(clinical sample)  control: 35% M, 57% F

1,655 students, 15–21 years,

805 males, 850 females 

(control group)

Isnard et al. [19] 102 adolescents, 12–17 cross-sectional Binge Eating Scale [94] moderate to severe and severe binge 

years, 35 males, 67 females, eating, defined according to BES score: 

mean BMI 36.4 �18: 16%; �26: 3%

(clinical sample)

Decaluwé et al. 126 children/clinical cross-sectional Eating Disorder- binge eating episodes: 36.5%

[95] sample, 10–16 years Questionnaire EDE-Q [96], binge eating episodes twice a week 

or more often: 6%

aBMI only mentioned if �30.
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Table 3. For children and adolescents adapted methods for the assessment of the symptomatology of BED available in an English and a

German version

Instrument Age Design and diagnostic information Psychometric properties Notes

Structured interviews for eating disorders for children and adolescents

Eating Disorder  age 35 items (diagnostic items and items support for discriminant and adapted version of the Eating 

Examination for 8–14 describing eating disorder pathology); convergent validity; subscale Disorder Examination [97, 98]

children subscales restraint, eating concern, scores consistent with adult 

(ChEDE [31]) shape concern, weight concern; norms

analysis: diagnosis, subscale and 

global scores

Self-report questionnaire for children and adolescents

Body Image Assessment �age 8 age- and gender-specific body image support for retest-reliability

for children and silhouettes for the assessment of and convergent validity

preadolescents (BIA-C, negative body image; analysis: 

BIA-P [99]) self-ideal-discrepancy

Dutch Eating Behavior age 30 items; subscales externally retest-reliability, internal childrens version of the Dutch 

Questionnaire for 7–13 determined eating behavior, consistency of subscales Eating Behavior Questionnaire 

children (DEBQ-K [100]) emotional-induced eating behavior, (Cronbach � � 0.80), (DEBQ; [101])

restrictive eating behavior; analysis: factorial validity, reference 

subscale scores norms for children ages 

11 to 12a

Eating Disorder age 36 items; subscales restraint, eating reference norms for the EDE-Q [96] is the self-report

Examination- 12–14 concern, shape concern, weight adolescents version of the Eating Disorder 

Questionnaire for concern and diagnostic items; analysis: Examination [97, 98]

adolescents (EDE-Q [102]) diagnosis, subscale and global scores

aPsychometric properties from nonclinical applications.
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well as a predisposition for depressive mood and obesity and the transmission

of dysfunctional eating behavior such as dieting as etiological factors of BED

(table 4). Further retrospective studies in adolescents [50] refer to a bi-directional

association between binge eating and depression: on the one hand, binge eating

may precede affective disorders in adolescents, and on the other hand chroni-

cally depressed mood may increase the risk for onset or recurrence of regular

binge eating [50]. Prospective long-term studies investigating the association

between child-feeding practices and children’s eating behavior [32, 51] suggest

that overeating in the absence of hunger is predicted by higher levels of the

mother’s attempts to restrict children’s eating. Maternal attempts to control the

child’s intake might initiate initial overeating or binge eating episodes, which in

turn, may initiate self-imposed restrictive dieting attempts in children. These

findings are particularly clear for adolescent girls [51]. Laessle et al. [52]

revealed in an experimental study that overweight children ate faster, with a

greater bite size and accelerated eating rate only when the mother was present.

This finding underlines the role of specific social stimulus conditions as a trig-

ger of excessive caloric intake [52–54]. Emerging genetic epidemiological

Table 4. Childhood and adolescence risk factors for binge eating

Risk factors References

Childhood traits such as negative self-evaluation, shyness, behavioral [43]

problems, and depressive symptoms

Parental depression (ever) [43]

Physical and sexual abuse in childhood [43, 46]

Childhood obesity [43, 49]

Dieting [43, 103]

Frequent weight and shape-related teasing [43, 47, 48]

Shape concern, modeling of disordered eating, depressive feelings, pressure [44–46]

to be thin, emotional eating, high BMI, low self-esteem, lack of social support

Familial transmission of disordered eating: Bulimic symptoms of the mother at [32, 52, 104]

birth, child’s shape concerns, and parental overweight predict secretive eating; 

restrictive eating of the mother and pressure to be thin predict overeating; 

reinforcing processes during family meals (e.g. mother’s prompting high 

eating rates and large bites) might be conditioned on the person of the mother 

as a discriminative stimulus of children’s faster eating with larger bites

Mother’s restriction of the portion size of children’s meals precedes eating in the [51, 105, 106]

absence of hunger; the effect is modulated by the presence of childhood obesity

Concurrent affective disorders, especially dysthymia [50]



Table 5. Hypothetical protocol for the treatment of BED in childhood and adolescence

Goals Interventions

children parents

Initial treatment phase

Motivational treatment rationale psychoeducation on the etiology psychoeducation on the etiology and 

phase and maintenance of obesity maintenance of obesity pro and contra 

socratic dialog about pros and of the parent’s role as children’s trainers

contras of the treatment

Symptom coping with antecendents self-monitoring and analysis of supervising and reinforcement of children’s

management of uncontrolled and binge binge situations, stimulus control efforts of coping with binge situations,

eating (nutritional management), response motivational techniques 

prevention, self-reinforcement (e.g. reinforcement plans)

training

Social assertiveness training, assertiveness training psychoeducation on the role of social

competence coping with teasing competence in coping with binge eating,

training promoting children’s coping with teasing

Weight management phase

Balanced reduction of intake of dietary restriction, e.g. Traffic parents as providers of a balanced fat-reduced

nutrition fatty foods Light Diet [107, 108] nutrition, family eating rules (e.g. parents  

provide balanced nutrition, children may 

eat as much or as little as they decide to)
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Physical activity limitation of sedentary limitation of sedentary behavior parents’ training as role models for active 

training lifestyle, promoting lifestyle (e.g. daily TV watching, PC games, behavior in every day live (e.g. analysis of

activity and exercise reading); promoting lifestyle obstacles, reinforcement plans for children’s

activity (e.g. cycling, walking instead efforts in increasing physical activity and

of taking the bus) and exercise decreasing sedentary behavior) 

(e.g. football, swimming, skating) motivating children to engage regularly 

in sports

Maintenance phase

Relapse identification of and coping anticipation of future risk situations ‘normalizing’ relapses as logical step in

prevention with risk situations for binge eating and weight gain behavior change, anticipation of relapse

training planning of future coping strategies situations, supervising children’s coping

techniques
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studies suggest a genetic transmission of binge eating [13, 55–57]. For further

details about research on genetic or psychosocial risk factors in the etiology of

BED see also the chapter by Hilbert [this vol., pp. 149–164]. Future research

may specify and replicate risk factors of BED [58], preferably using larger

sample sizes and differentiating risk factors and early eating disorder symp-

toms.

Psychological Psychotherapy

Evidence on treatments for BED in childhood and adolescence is sparse.

Clearly, the full spectrum of medical, nutritional, psychological, and social prob-

lems associated with BED symptomatology in children and adolescents represent

indications for treatment and may need to be addressed by a multidisciplinary

team. The development of treatment protocols may be guided by the growing

body of evidence in the treatment of adults with BED, with cognitive-behavioral

therapy being the most empirically supported treatment [59]. Concerning

behavioral weight loss programs for childhood obesity, it remains unclear if these

approaches are also successful in reducing symptoms of disordered eating [60].

Considering principles of the treatment of AN and BN in children, child-

hood obesity and BED in adults [61–67], the following guidelines for the treat-

ment of BED in childhood refer to the treatment rationale ‘treatment of the

disordered eating before weight regulation’ what seems to be the precondition

for a stable weight reduction in adults [68, 69]. Therefore, in the initial phase of

the treatment, children should learn to identify and change the triggering and

maintaining cues of binge eating. For this purpose, they are taught to analyze

target behavior by applying behavioral techniques such as self-monitoring,

stimulus control and response prevention. Parents are trained in their role to

support, promote, and supervise children’s efforts, e.g. by providing a balanced

and regular nutrition and reinforcement for behavior change. Behavioral weight

management techniques and the parent’s training have been shown to be effective

in the treatment of childhood obesity [70–73]. Negative feelings as a result of

interpersonal stressors are often mentioned as triggers for binge eating in adults

[8]. Therefore, children are trained in social competence, especially self-

assertiveness, and coping techniques [74].

For weight management purposes, the children in the second treatment

phase, are advised to follow a balanced nutritional style and are reinforced

(encouraged) to engage in regular physical activity. In the maintenance children

and their parents are taught to identify lapses and prelapses in an early stage

and to accept them as a natural step in behavior change [75]. For an example of

a treatment protocol for BED in childhood, see table 5. In case of extreme obesity,
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hospitalization in a specialized clinical institution may be necessary [76; Braet,

this vol., pp. 117–137]. Effectiveness of treatment of BED in childhood and

adolescence according to these therapeutic guidelines remains to be evaluated

in controlled clinical trials.

Implications for Future Research

About 1–3% of children and adolescents suffer from BED and the associated

physical and psychological sequelae. The study of BED in childhood remains

problematic for several reasons: The diagnostic validity of BED criteria has not

yet been established in children and adolescents. Further, there is a lack of suitable

assessment methods that are comparable across languages. Future epidemio-

logical studies may address the course of childhood BED considering possible

fluctuations in presentation. Also, controlled clinical trials on the treatment of

BED in children and adolescents are still outstanding.

Considering the increasing prevalence of childhood obesity [77, 78],

which appears to be associated with BED in adults [79], rising prevalence rates

of childhood BED can be assumed. Successful treatment of BED in children

and adolescents may stabilize weight or at least prevent further weight gain, as

suggested by evidence on the treatment of adult BED [69].
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Binge Eating Disorder: Specific 
and Common Features

A Comprehensive Overview

Simone Munsch, Kathrin Dubi

Institut für Psychologie, Universität Basel, Basel, Schweiz

While clinical features of the two officially recognized eating disorders

anorexia nervosa (AN) and bulimia nervosa (BN) are well defined, questions

still remain about the diagnostic features and the specific and associated psy-

chopathology of BED in comparison to BN and obesity. Since the multisite

field trials [1] empirical studies have reported general, but not unequivocal

support for the validity of the BED diagnosis [2, 3]. Overall, people with BED

differ from those who do not binge eat, and BED appears to have important

similarities with and differences from BN [3]. The goal of this chapter is to

provide a comprehensive overview of the profile of the clinical features asso-

ciated with BED compared to BN and obesity. Understanding the similarities

and differences among BN, BED and obesity might shed light onto the debate,

whether or not BED forms a new diagnostic category, will facilitate diagnosis

in clinical practice and might help tailor treatment strategies to individual

cases.

We included studies published between 1990 and 2004 if they were empiri-

cally reviewed and included the comparison of at least two of the following

groups, BED, BN and obesity (table 1). Subjects had to meet BED criteria

according to DSM IV. Surveys of subclinical or subthreshold patients were

excluded. Further we only included investigations about dietary and psycho-

therapeutic interventions and did not consider psychopharmacological therapies.

BED is often associated with overweight and obesity, as evidenced by

findings from clinic, community, and population-based studies [1, 4, 45–49].

Measured or self-reported BMI of BED patients was higher than in BN patients

in community-based studies [4, 17] and in the clinical population [5]. Self-

reported and measured BMI of BED patients were similar to obese patients in

Outlook and Perspectives
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Table 1. Clinical characteristics of BED in comparison to BN and/or obesity

Methods Authors Sample and study characteristics

N, a, BMI (kg/m2), Sex (f/m), 

long/CS, clin/comm

BMI

BED � BN

Measured Fairburn et al. [4] 48 BED, a � 24.7, BMI � 25.5, 102 BN,

a � 23.9, BMI � 24.4, f, clin, long 

Fitzgibbon and Blackman [5] 35 BED, a � 40.3, BMI � 41.1, 42 BN,

a � 28.0, BMI � 23.5, f/m, clin, CS

Self-reported

BED � Ob

Measured Gladis et al. [6] 14 BED, a � 42.1, BMI � 38.9, 59 Ob,

a � 42.3, BMI � 36.3 f, clin, long

Telch and Stice [7] 61 ob BED, a � 43.5, BMI � 34.8, 60 Ob,

a � 45.0, BMI � 32.5, f, comm, CS

Nauta et al. [8] 37 BED, 37 Ob, a � 38.3, BMI � 33.1, f,

clin, long

Self-reported Jirik-Babb and Geliebter [9] 21 BED, a � 43.5, BMI � 30.95, 22 Ob,

a � 43.5, BMI � 34.64, f, clin, CS

Eldredge and Agras [10] 35 ob BED, a � 39.7, BMI � 31.03, 53 ob

EDNOS, a � 42.6, BMI � 32.34, 68 Ob,

a � 39.0, BMI � 29.22, f, clin, CS

Eating behavior

Restraint eating

BED � BN

EDE Fairburn et al. [4]

TFEQ Brody et al. [11] 13 ob BED, a � 44.2, 55 BN, a � 25.4,

54 Ob, a � 42.7, f/m, clin, CS
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BED � BN

Res. Sc., TFEQ Cooke et al. [12] 10 ob BED, a � 37.0, 10 Ob, a � 42.0,

f, comm, CS

Wilfley et al. [13] 105 ob BED, a � 45.5, 15 Ob, a � 27.2,

53 BN, a � 22.1, f, clin, CS

EDE-Q Masheb and Grilo [14] 51 ob BED, a � 43.6, non-ob BED, 

a � 37.3, 46 BN, a � 31.8, f, clin, CS

BED � Ob

EDE-Q, QEWP-R Nauta et al. [8]

TFEQ Brody et al. [11]

EDE Wilfley et al. [13]

BED � Ob

Res. Sc., TFEQ Goldfein et al. [15] 10 ob BED, a � 37.0, 10 Ob, a � 42.0,

f, comm, CS

EDE-Q Telch and Stice [7]

Disinhibition

BED � BN

TFEQ Brody et al. [11]

BED � Ob

TFEQ Fichter et al. [16] 22 BED, a � 34.3, 22 BN, a � 33.3,

Goldfein et al. [15], Telch 16 Ob, a � 33.5, f/m, clin, CS

and Stice [7], Brody et al. [11],

Cooke et al. [12] 

Body concept

Weight and shape concern

BED � Ob

EDE Eldredge and Agras [10],

Wilfley et al. [13]
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Table 1 (continued)

Methods Authors Sample and study characteristics

N, a, BMI (kg/m2), Sex (f/m), 

long/CS, clin/comm

EDE-Q Telch and Stice [7], Nauta

et al. [8], Masheb and Grilo [14]

Body dissatisfaction

BED � BN

EDI, EDE Striegel-Moore et al. [17]

Barry et al. [18] 79 ob BED, a � 42.7, 37 non-ob BED, 

a � 38.5, 46 PBN, a � 30.4, f, clin, CS

BED � BN

EDI Fichter et al. [16]

BED � Ob

EDI Fassino et al. [19] 51 ob BED (clin), a � 34.5, 52 Ob; (comm),

a � 35.2, f, CS

Self-reported binges

Binge frequency 

BED � BN

EDE-Q Masheb and Grilo [14]

Quantity and quality of binges

BED � BN 

Binges of BED � BN 

(carbohydrates and sugar)

QEWP-R, Food Processor Fitzgibbon and Blackman [5]

for Windows Nutrition 

Analysis Software
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BED � Ob (kcal) 

Telephone interviews/ Raymond et al. [20] 12 ob BED, a � 37.9, 8 Ob, a � 34.9,

Nutrition Data System f, clin, CS

software

Binges in laboratory setting

BED � Ob (kcal, binge/ 

normal meal instructions)

BED � Ob (fat intake) and

� Ob (protein intake)

Multicourse meals in Yanovski et al. [21] 10 ob BED, a � 36.2, 9 Ob, a � 39.0,

laboratory f, clin, CS

Multi-item meal: BED �

Ob (kcal)

Single-item meal: 

BED � Ob 

Instruction to binge Goldfein et al. [15]

BED � Ob (meat intake)

BED � Ob (food choices, 

time spent eating)

Multiple-item meal, Cooke et al. [12]

instruction to binge

Comorbidity

BED � BN 

(affective, anxiety disorders,

substance abuse)

SCID-IV Striegel-Moore et al. [17]

BED � Ob

(any lifetime axis I disorder, 
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major depression, anxiety 

disorder, BN)

SCID Yanovski et al.[22] 43 ob BED, a � 36.1, 85 Ob, a � 37.2,

f/m, clin, CS

SCID-IV Telch and Stice [7]

Fontenelle et al. [23] 33 ob BED, a � 34.1, 32 Ob, a � 36.1,

f/m, clin, CS

(any lifetime axis II disorder,

borderline, avoidant personality 

disorder)

SCID-II Yanovski et al. [22],

Telch and Stice [7]

BED � Ob

(any lifetime axis I disorder, 

affective disorder, substance

abuse/dependence)

SCID Brody et al. [11]

Ricca et al. [24] 26 ob BED, 318 Ob, a � 43.5, f/m, clin, CS

General psychopathology

Depressive feelings

BED � BN

BDI Barry et al. [18], 

Brody et al. [11]

Table 1 (continued)

Methods Authors Sample and study characteristics

N, a, BMI (kg/m2), Sex (f/m), 

long/CS, clin/comm
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BED � BN

HAM-D Crow et al. [25] 122 BED, 142 BN, a � ?, f, clin, CS

BDI, SCL-90 Tobin et al. [26] 31 BED, a � 31, 188 PBN, a � 25,

21 NBN, a � 32, f/m, clin, CS

BED � Ob

BDI Yanovski et al. [27] 21 ob BED, a � 36, 17 Ob, a � 36,

Fichter et al. [16], Telch and f, clin, long

Stice [7], Gladis et al. [6], Nauta

et al. [8], Fassino et al. [19],

Jirik-Babb and Geliebter [9],

Fontenelle et al. [23]

BED � Ob

BDI Ricca et al. [24], 

Brody et al. [11]

Anxiety

BED � BN

SCL-90 Tobin et al. [26]

BED � Ob

BAI Jirik-Babb and Geliebter [9]

STAI Ricca et al. [24]

Age of onset of 

overweight/obesity

BED � BN

SELF-reported, retrospective Fichter et al. [16]

BED � Ob

Fichter et al. [16], Yanovski 

et al. [21], Goldfein et al. [15], 

Telch and Stiche [7], Eldredge 



M
u
n
sch

/D
u
b
i

2
0
4

and  Agras [10], Nauta et al. [8],

Fassino et al. [19]

BED � Ob (age of onset)

Johnsen et al. [28] 199 ob BED, 65 Ob, A � 44.7, f, clin, CS

Brody et al. [11], 

Yanovski et al. [27]

Age of onset of eating disorder

BED � BN

Self-reported, retrospective Fairburn et al. [4]

Treatment effectiveness

Weight loss during treatment

BED � Ob Gladis et al. [6]

BED � Ob Raymond et al. [29] 63 ob BED, a � 39.3, 29 Ob, a � 38.8, f,

clin, long 

Yanovski et al. [27], Nauta 

et al. [8], Jirik-Babb and 

Geliebter [9]

Weight regain

BED � Ob Gladis et al. [6], Raymond 

et al. [29] Nauta et al. [8]

BED � Ob

Depressiveness, eating 

behavior, body dissatisfaction

BED � Ob, restraint: 

BED � Ob

BDI, EDE-Q, QEWP-R Nauta et al. [8]

Table 1 (continued)

Methods Authors Sample and study characteristics

N, a, BMI (kg/m2), Sex (f/m), 

long/CS, clin/comm
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Natural course

binge frequency

5-year fu: BN � BED 

Brief Sym. Inv., SCID Fairburn et al. [4]

remission 

5-year fu: BED � BN

Brief Sym. Inv., SCID Fairburn et al. [4]

Comorbidity

5-year fu: BED � BN 

(major depression, anxiety 

disorder)

Brief Sym. Inv., SCID Fairburn et al. [4]

Psychopathological symptoms

5-year fu: BED � BN 

(alcohol abuse), BED � BN 

(self esteem)

Brief Sym. Inv., SEQ Fairburn et al. [4]

Disturbed eating behavior/ 

body dissatisfaction

5-year fu: ↓ of weight, 

shape, eating concern, 

restraint: BED � BN

EDE Fairburn et al. [4]

a � Age; BAI � Beck Anxiety Inventory [30]; BDI � Beck Depression Inventory [31]; BED � binge eating disorder; BMI � Body Mass

Index; BN � bulimia nervosa; Brief Sym. Inv. � Brief Symptom Inventory [32]; clin � clinical population (treatment seeking individuals);

comm � community sample; CS � cross-sectional study; EDE � eating disorder examination [33]; EDE-Q � Eating Disorder Examination –

Questionnaire [34]; EDI � Eating Disorder Inventory [35]; f � female; fu � follow-up; HAM-D � Hamilton Depression Scale [36];

long � longitudinal study; m � male; N � sample size; Ob � obesity; Res. Sc. � Restraint Scale [37]; QEWP-R � Questionnaire of Eating

and Weight Patterns – Revised [1]; SCID � Structured Clinical Interview for DSM-III-R [38]; SCID-II � Structured Clinical Interview for

DSM-III-R Personality Disorders [39]; SCID-IV � Structured Clinical Interview for DSM-IV Axis I Disorders [40]; SCL-90 � Hopkins

Symptom Checklist [41]; SEQ � Robson Self-Esteem Questionnaire [42]; STAI � State-Trait-Anxiety Inventory [43]; TFEQ � Three-Factor

Eating Questionnaire [44]; � � significantly lower; � � significantly higher; ↓ � significant reduction; � � no significant differences.
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clinical and community-based populations (ranging from 20.4 to 45.2) [6, 9,

10, 50]. Other workgroups confirm these results (e.g. [16, 18] for the compar-

ison of BED and BN or Fassino et al. [19] for the comparison of BED and obe-

sity). Data on the differences in BMI in BN and BED are limited by

methodological problems. Several studies in fact report BMI but do not specify

whether BMI was assessed by self-report or if it was directly measured [14, 16,

18, 19]. Furthermore, little is known about the accuracy of measured vs. self-

reported BMI among overweight subjects although there seems to be some

evidence that self-reported and measured BMI highly correlate [51]. Studies

which investigate the difference between BED, BN and obesity in clinical and

community-based samples which compare self-reported and measured BMIs

and account for the influence of several other factors which might influence

patients current BMI (age, sex and age of onset of the disorder) could clarify

open questions.

If we compare the clinical features of eating behavior of BED, BN, and

obese patients there are different results, depending on the instruments and the

populations with and in which restraint or disinhibited eating are measured.

Reviews of eating disorder assessment instruments conclude that the EDE is

the method of choice when assessing the specific psychopathology of eating

disorders [52]. Restraint eating (measured by EDE or EDE-Q) is expressed to

a higher extent by patients with BN than with BED in clinical populations [4,

11, 13, 14]. The EDE-Q assesses both intent to restrict calories and actual

efforts to restrain food intake. In a small community-based sample, where

restraint eating was measured with the Herman and Mack’s RS, no difference

between BN and BED patients revealed [12]. Further, in clinical populations

BED patients seem to exhibit a similar tendency as obese patients to restrain

their eating behavior measured by EDE, EDE-Q and QEWP-R [8, 11, 13].

Others [7, 15] compared BED with obese patients in the community and

showed a higher expressed restraint eating in the BED than in the obesity group

measured with the RS, TFEQ and EDE-Q. Wilfley et al. [13] conclude that

BED patients, compared to BN and AN individuals, exhibit a significantly

lower score on the Restraint subscales. Extreme dietary restraint (e.g. going for

a whole day without eating any food at all for having a completely empty stom-

ach) seems to be a part of the characteristic psychopathology for AN and BN

patients, but not for BED patients. Several findings indicate that the diet related

behaviors and attitudes which form the restraint eating behavior are associated

with obesity rather than with BED [13, 53].

Patients with BED in clinical and community samples exhibit a more

expressed tendency to disinhibit their eating than obese subjects as it is shown

by Fichter et al. [16], Goldfein et al. [15], Cooke et al. [12], Telch and Stice [7]

and Brody et al. [11]. Feelings of hunger, the fear of loss of control [13] and
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disinhibition [54, 55] are markedly expressed in patients with BED and it

can be hypothesized that these represent a special eating style of BED patients

[20, 56–59].

In contrast to AN and BN, the research criteria for BED do not include

cognitive distortions such as the overimportance of shape and weight in self-

evaluation. The reason for this exclusion is unclear and it can be speculated that

this omission may relate to uncertainty regarding the influence of weight status

on weight and shape overconcern [10]. However, self-report and interview-

based data of many work groups [7, 8, 10, 13, 14, 53] suggest that BED patients

in clinical and community samples, as compared to non-BED obese patients,

are much more concerned about their body weight and shape and that their self-

esteem is regulated in the extreme by these aspects of their appearance. Wilfley

et al. [13] show that BED and BN score highest on Weight and Shape Concern

subscales of EDE, followed by significantly lower scores for AN patients, over-

weight controls and normal-weight controls. Altogether this suggests that an

additional diagnostic criterion reflecting the overimportance of weight and

shape in self-evaluation may be as relevant for BED as it is for AN and BN [17].

Results regarding body dissatisfaction assessed with the EDI are less clear [16,

18, 19].

In a review on several self-report questionnaire measures to assess binge

eating and associated symptomatology [53] several limitations emerged. For

example, the terms ‘binge’ and ‘binge eating’ are not defined for the individual

completing the questionnaire, most measures do not clear-cutly measure binge

eating and they do not specify a consistent time frame for the occurrence of

binge eating. The EDE-Q addresses these shortcomings and yields significant

correlations with the corresponding EDE scores (Dietary Restraint, Eating

Concern, Weight and Shape Concern) but the EDE-Q subscales were signifi-

cantly higher than the EDE scores [60]. To our knowledge, there are no studies

comparing the validity of the subscales of the Eating Disorder Inventory (EDI)

with the subscales of EDE or EDE-Q. Therefore, it is unclear if the EDI sub-

scale Body Dissatisfaction measures the same features as EDE subscale Shape

Concern. The different expressions of body dissatisfaction might also reflect a

greater variability of BED patients, which is mentioned in literature [61].

However, the need for weight concern as a additional clinical feature and diag-

nostic criteria of BED is further supported by findings demonstrating that

weight dissatisfaction in BED decreases as frequency of binge eating decreases,

even when BMI does not change [62].

Recurrent episodes of binge eating are the salient behavioral characteristic

of BED and BN. The frequency of self-reported binges in BN and BED seems

to be comparable (ca. 17 in BED and 16 in BN binge eating episodes during

28 days) [14].
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In practice, most clinical assessments of the amount of food consumed

rely on self-report. Using food diaries the self-reported quantity and quality of

food during binge eating seem to differ between obese and BED patients. BED

patients have a greater caloric intake than obese controls [20]. The authors also

found significant differences in the timing of nutrient intake throughout the day

between the BED groups on binge days (binge �1,000 kcal) and the obese con-

trol group. BED group ate significantly more in the evening on binge days than

their obese control group. Further the results indicate that the BED group ate

more of all three major nutrient groups (protein, carbohydrate, and fat) on

binge days than on non-binge days. However, the proportion of dietary calories

from each of the nutrients shifted on BED binge days compared with non-binge

days to favor consumption of fat over carbohydrates [20]. In a recent self-report

study on the quantity and quality of binge eating episodes in BED and BN sub-

jects [5], no overall difference in the kilocalorie intake between the two groups

was revealed. When the nutritional content of the binges was analyzed, a

difference was found in carbohydrate intake, with the BN group consuming

more carbohydrates and sugar than the BED group. There was no difference in

the amount of protein or fat intake between the two groups. There is good

reason for concern about the accuracy of self-reports of food consumption.

While obese patients might underestimate caloric intake [63], BED patients

might overestimate the amount of eaten food because of their low self-esteem

and distress that routinely accompanies BED [64].

Under controlled laboratory conditions BED patients who are either

instructed to binge or to eat normally in multicourse meals ingested more calo-

ries than obese patients [15, 21]. In the single item meal condition, there was

no difference between obese and BED patients regarding the amount of eaten

kilocalories or rate of eating or duration of meal [15]. When asked to let them-

selves go and binge eat, not only did the BED patients consume almost 950 kcal

more than obese controls, but their meal macronutrient composition also

differed, consisting of a greater percentage of fat and a lesser percentage of

protein, with equal amounts of carbohydrate. Although BED subjects often

describe carbohydrate craving during binges, it appears that highly palatable

foods that are high in fat as well as high in carbohydrate or protein are more

often chosen [21]. A more recent study [12] found no differences between

obese and BED patients regarding food choices or time spent in a laboratory

eating a multi-item meal with the instruction to binge eat. No single study has

conducted a direct comparison between BN and BED regarding binge episodes.

However, in several studies, identical methods were used to examine the eating

behavior of BED and BN subjects. Several differences were revealed: BN

patients had a greater amount of caloric intake than BED patients. Under nor-

mal meal instructions BN subjects consumed fewer calories than the BED
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group or controls and finally, BN patients exhibited a more disordered food

consumption than BED patients [64]. However, several questions remain unan-

swered. A major issue is whether the differences measured in laboratory exist

outside this controlled setting or whether the observed differences are more

reflective of a difference in behavioral response to a laboratory setting than of

a real existing difference in a variety of environments.

Studies comparing point and lifetime prevalence rates of comorbid mental

disorders of individuals with BED and BN found that BED patients exhibit less

comorbid psychopathology, report less subjective distress and better social

adjustment than those with BN [65]. Especially for affective disorders, several

authors found higher current and lifetime prevalence rates in patients with BN

when compared with BED subjects [66]. In another population-based study, the

examination of the frequency of nine specific current or lifetime psychiatric

diagnoses found no significant differences between BN and BED groups

regarding current affective, anxiety, substance use and obsessive compulsive

disorders. Moreover the groups did not differ in the lifetime prevalence of

having at least one Axis I disorder [17]. Furthermore, Telch and Stice [7]

showed that BED individuals are three times more likely to suffer from current

major depressive disorder than an overweight non-eating-disordered sample.

Several studies [7, 22, 23] underline that in a clinical sample, BED is associ-

ated with a greater relative risk for lifetime comorbid mental disorders on Axis

I or II. Two other studies [11, 24] observed no significant difference in the life-

time prevalence rate of Axis I mental disorders between obese patients and

BED individuals. This might partly be due to different types of recruitments,

assessments and to small sample sizes. Generally, it is important to consider

that BED patients are not only obese subjects with a comorbid mental disorder.

Thus, the increased comorbidity among BED subjects is accounted for by the

severity of binge eating and not by the degree of obesity [67].

BN and BED are additionally associated with psychopathological symp-

toms such as depressive symptoms. Discriminant analysis demonstrates that on

the vast majority of items, BED and BN do not differ significantly [26]. In

HAM-D only gastrointestinal symptoms, paranoid symptoms and obsessional

symptoms distinguish BED from BN subjects. Each of the three scales scores

are higher in the BN than in the BED group [25]. A recent investigation under-

lines that BN is associated with greater psychological disturbance than BED.

Overall, patients with BN show higher BDI depression scores [11, 18]. There

are several limitations to these results, e.g. the ratings were made by different

clinicians and the samples all stem from BED and BN subjects who sought

treatment at specialized centers. It remains open whether the results are gener-

alizable to people with these eating disorders not seeking treatment or who

seek treatment in nonspecialty clinics [26]. Several studies indicate that BED
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subjects have significantly higher depression scores than obese subjects without

eating disorders [6, 7, 16, 19]. Also in the study of Ricca et al. [24], where no

differences in depressed mood (BDI) were found, the relevant association

between binge eating and psychopathology was confirmed. BED patients seem

to suffer less from anxiety symptoms in SCL-90 than BN patients [26] and can-

not be differentiated from an obese patient group using the BAI or STAI [9,

24]. These results rely on self-report assessments in mostly female samples. For

further studies it would be useful to include both clinician-rated and self-rated

measures and also consider male samples. Further investigations on general

psychopathology in BN, BED, and obesity show that in a community-based

cohort [4] and in clinical samples [8, 9, 19] BED patients are less affected from

feelings of low self-esteem than BN, but show lower self-esteem than obese

subjects. BED subjects also exhibit higher levels of anger, an angrier tempera-

ment, and a greater tendency toward the external expression of anger than

obese samples. The tendency to impulsively express anger toward the external

environment and people, which is typical of borderline personalities, emerges

as the strongest discriminating element between obese patients and BED

patients [19].

Several clinical or community-based studies find no differences in age of

onset of obesity between BED and obese patients. Age of onset of obesity in the

BED and obese populations varies from about 8.4 to 14.5 years of age, respec-

tively [16], between around 12.3 and 16.6 years [21] or older [7, 8, 10, 15, 19].

Others report an earlier onset of obesity in BED than in obese samples [11, 27,

28, 68]. Only one study compared the age of onset of BED and BN patient

samples [16] and found no differences. There is a very important caveat that

should be borne in mind when interpreting these findings. First of all, patients are

recalling retrospective information regarding age of overweight or obesity. Only

prospective studies will provide objective information about measured weight

and height at the onset of obesity. Second, although some samples were based in

the community [15, 28] the findings are limited to women in the community who

respond to treatment studies of binge eating and/or weight loss, rather than to

examine characteristics associated with binge eating among women in the com-

munity. Only few studies have examined the chronology of the onset of binge eat-

ing, dieting, BED, and obesity. Results indicate that in BED the onset of binge

eating frequently begins in the absence of prior dietary restraint or weight loss

[see chapter by Hilbert in this volume, pp. 149–164]. About half of the patients

with BED first start binge eating in the absence of dieting [69]. The only study

investigating the onset of eating disorder in BED and other patient groups [4] just

find a tendency for those with BN to be younger at the onset of their eating dis-

order (15.7 vs. 17.2). Furthermore, BN individuals were more likely to have ever

received treatment for an eating disorder (26 vs. 5%) than the BED cohort.
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Several studies try to clarify the role of binge eating in treatment outcome

in trials with dietary interventions and exercise and find that BED patients

achieve similar [9, 29] or even a greater weight loss [6] during treatment than

obese patients. BED subjects did not differ from the obese patient group in their

average weight gain at 1-year follow-up [6, 29]. The referred above-mentioned

studies underline that caloric restriction does not worsen BED symptoms. This

fact is consistent with the findings that dieting is not the precipitant of binge

eating in all BED individuals. BED diagnosis was further clearly associated

with weight gain during the 1-year follow-up period after treatment. This result

strengthens the finding that stopping binge eating behavior is essential to main-

tain weight loss and prevent weight gain in individuals with BED [70]. Psycho-

therapeutic approaches to BED treatment produce a binge eating abstinence

rate of about 50% at the 12-month follow-up [for an overview, see ref. 71], but

achieve minimal effects on weight loss at 12-month follow-up. The most

consistent finding was that regardless of treatment approach long-term weight

loss was predicted by long-term binge eating status. Dietary approaches to

treatment which do not specially target binge eating result in similar abstinence

rates at 12-month follow-up (e.g. 33% in de Zwaan et al. [66]; 56% in Raymond

et al. [29]). However, definitions and measurements of abstinence vary sub-

stantially across studies. Longer-term follow-up studies are needed and to clar-

ify the stability of the abstinence from binge eating outcome in different

treatment types.

In a recent study [8], obese binge eaters improved more for Shape, Weight

Eating concern and the variables depression and self-esteem than obese non-

binge eaters during a cognitive therapy. Restraint eating as measured with the

EDE-Q was similar after treatment for obese and BED patients. This result was

also found in similar investigations in which the EDE-Restraint subscale was

used [53]. After treatment the level of restraint was increased in the behavioral

treatment, while binge eating was reduced. Further investigation of the com-

plex relationship between binge eating, chaotic eating patterns, and restraint in

binge eaters seems warranted [8].

A further outcome variable of the treatment of BED is the drop-out rate of

BED and obese patients. Drop-out rates from psychotherapy studies and dietary

approaches amount overall to around 20% and the presence of binge eating does

not seem to confer a greater risk of drop-out compared to obese individuals [71].

The first prospective study to compare the long-term course and outcome

of BED and BN [4] indicates that over a 5-year period the frequency of binge

eating declined to a lesser extent in the BN cohort (56%) than in the binge eat-

ing disorder group (77%). The outcome of the BED group was better, with 18%

having a clinical eating disorder of some form, compared with 51% in the BN

cohort. There was an increase in weight and BMI in both cohorts with the BED
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group remaining heavier and showing a tendency for a greater proportion to

have a BMI of 30 or higher. At follow-up 41% of the BN cohort met DSM-III-R

criteria for major depression compared with 23% of the BED group. The rates

of anxiety disorder diagnoses were similar at 15% in the BN and 11% in the

BED group. Psychopathological symptoms such as self-esteem scores did not

change significantly in the BN group, but improved in the BED cohort, result-

ing in a higher score in the BED group. There were no significant changes in

social adjustment, with the BED group continuing to function at a better level

[4]. Both cohorts reduced their level of dietary restraint with the result that the

groups were no longer significantly different at follow-up. The levels of con-

cern about shape, weight and eating also decreased to an equivalent extent in

both groups. Overall, the binge eating group resembled clinical samples with

the disorder except that they had a lower BMI, which may be due to the younger

age of this community-based sample.

The main finding of this study is that BED and BN had a different course

and outcome over 5 years of prospective follow-up, while there was little move-

ment between the two diagnostic categories. The outcome of those with BED

was favorable in comparison with the BN cohort. In one respect their outcome

was worse: not only did they start at a higher weight but they remained heavier

over the 5 years with 39% eventually meeting criteria for obesity (20% in the

BN group). The explanation for this weight gain is unclear, especially since

there was a marked decrease in the frequency of binge eating. The outcome of

this study is comparable to a 6-month follow-up of a community-based sample

in New England in which it was found that half of those reassessed no longer

had a BED [62]. The fluctuation in the BN group was much higher than in the

BED sample. Each year about a third of the BN individuals remitted and a fur-

ther third relapsed. Instability was also observed in the only other detailed

prospective study of the course of BN [72]. In contrast, there was little flux

among the BED group, where about 50% of participants remitting each year

and few relapsed. Interpreting these results one has to bear in mind that several

processes besides natural course, such as regression to the mean, life events

and treatment are likely to have influenced course and outcome of BN and

BED individuals.

Considering the state of research about shared and different features of

BED with other eating disorders and obesity, there is still much debate as to

whether or not it is justified to give BED the status of a distinct diagnostic entity.

It has been argued that adding this new diagnosis carries the risk of ‘trivializing

the whole construct of mental disorders’ since approximately 30% of obese

weight loss participants might receive such a diagnosis [73]. There are several

cautions regarding the argument that BED is a trivial diagnosis (i.e. responding

to minimal interventions, fluctuation course, high placebo rates). The placebo
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rate of BED is comparable to that of depression (30–50% [64]), also other

illnesses show long periods of remission (e.g. asthma, rheumatism) and more-

over other disorders with spontaneous remission such as hay fewer benefit from

symptomatic and preventive treatment. Cooper and Fairburn [74] propose to

revise diagnostic criteria to minimize confusion in the diagnostic process as

follows: A 3-month frame should be used to adapt the BED criteria to those of

other eating disorders such as AN and BN. To render the scheme for making eat-

ing disorder diagnoses more coherent, episodes of binge eating in BED should

be ‘clearly distinguishable’ from other forms of overeating. Further they propose

that binge eating should not occur in ‘the context of more than three episodes of

self-induced vomiting or laxative misuse or sustained and marked dietary

restriction designed to control body shape or weight’ [74] to distinguish BED

from the purging form of BN. Today expert groups underline that the diagnosis

of BED is significant and important for several reasons: Individuals with BED

differ from individuals without eating disorders and share similarities but differ

from individuals with AN or BN. BED is not just a subtype of obesity. BED is

associated with co-occurring physical and mental illnesses, as well as impaired

quality of life and social functioning and constitutes an eating disorder of clinical

severity and a significant public health problem.

Finally and most importantly the phenomenon of uncompensated binge

eating exists and troubles those who experience it. Whether or not the current

categorization as BED is appropriate will be revealed by further research,

leading to an empirically based understanding that will improve treatment and

prevention strategies.
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