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INTRODUCTION

Studies have identified anorexia nervosa (AN) to be the
third commonest chronic illness of adolescence with the
highest mortality of all psychiatric disorders (Nicholls
and Viner, 2005). The more secretive and ashaming
character of bulimia nervosa (BN) prevents patients
from seeking help, with the consequence that treatment
is delayed for many years.

DIAGNOSIS, EPIDEMIOLOGY,
AND COURSE

Excessive preoccupation with weight and shape and a mor-
bid fear of gaining weight are the core features of both eat-
ing disorders. In AN, weight loss is the result of a severe and
selective restriction of food often accompanied by exces-
sive exercising. The pursuit of thinness persists in spite of
emaciation. The majority of patients experience their symp-
toms as ego-syntonic, and there is often a denial of the dis-
order. Restricted interests focusing on weight, food, and
shape are followed by social isolation and withdrawal.

In BN, periods of dieting and fasting are interrupted
by binge-eating episodes accompanied by a feeling of
loss of control, in which a large amount of food is eaten.
Bingeing is compensated by self-induced vomiting, lax-
ative, diuretic, or other medication abuse or, more
rarely, nonpurging strategies like exercising and dieting
(for a review, see Herpertz-Dahlmann, 2009).

DEFINITION AND CLASSIFICATION

According to the Diagnostic and Statistical Manual of
Mental Disorders, 4th edition (DSM-IV: American

Psychiatric Association, 2000; Table 26.1), AN is classi-
fied into two subgroups: restricting and binge-eating/
purging type. Patients with binge-eating/purging type
may engage in bingeing and purging or only purging,
ie., practice self-induced vomiting, laxative abuse,
or other extreme forms of weight control. The binge-
eating/purging type is associated with a poorer
prognosis.

An alternative to the “normal weight” criterion in
DSM-IV is a body mass index (BMI: calculated as
weight in kilograms/(height in meters)?) equal to or be-
low 17.5 kg/m>. BMI centiles must be used to define un-
derweight in children and adolescents, e.g., in Germany
a BMI lower than the 10th percentile is considered a
threshold for a diagnosis of AN.

BN is also divided into two subgroups, the purging
and the nonpurging type (Table 26.1).

COMORBIDITY

Both disorders are characterized by a high psychiatric
comorbidity, especially depressive symptoms and anxi-
ety disorders including obsessive-compulsive disorder.
Personality disorders comprise anxious-avoidant and
obsessive-compulsive disorders in AN and borderline
personality disorders in BN. A subgroup of patients,
more prominent in BN, practices substance abuse or
self-injurious behavior. Emaciation is often accompa-
nied by neuropsychological changes. Such changes as
well as depression and obsessive features are often alle-
viated by weight gain (Herpertz-Dahlmann, 2009).
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Table 26.1

Diagnostic criteria for anorexia nervosa according
to DSM-IV (abbreviated form)

Refusal to maintain body weight for age and height (less than
85% of that expected)

Intense fear of gaining weight or becoming fat

Disturbance in the way in which one’s body weight or shape is
experienced

Amenorrhea

Subtypes: Restricting and binge-eating/purging type

Recurrent episodes of binge eating

Recurrent inappropriate compensatory behavior, e.g., self-
induced vomiting, laxative abuse, or fasting

Frequency at least twice a week for 3 months

Self-worth is judged by shape and weight

Bulimic symptoms do not often occur during the context of
anorexia nervosa

Subtypes: Purging and nonpurging type

DSM-1V, Diagnostic and Statistical Manual of Mental Disorders,
fourth edition (American Psychiatric Association, 2000).

EPIDEMIOLOGY

In adolescents and young females most studies found a
point prevalence rate for AN between 0.3% and 0.9%
(van Hoeken et al., 2003; Hoek, 2006). Lifetime preva-
lence rates for 20—40-year-old women are estimated be-
tween 1.2% and 2.2% (Hoek, 2000).

For BN the point prevalence is calculated as 1-2%
(van Hoeken et al., 2003).

Recent incidence rates for AN show an overall stabi-
lization, but report an increase in the adolescent and
young adult group; there was an increase in the inci-
dence of BN until the middle of the 1990s and a decrease
thereafter (Currin et al., 2005).

For both eating disorders the risk is highest for
females aged 15-19 years. The male-to-female ratio is
estimated to be 1:10 for AN, and about 1:30 for BN
(van Hoeken et al., 2003). According to recent studies
there is no appreciable change in this ratio over time.

It has been estimated that up to 50% of AN and even
more of BN cases are previously undetected by
the healthcare system (Hoek, 2006; Keski-Rahkonen
et al., 2007).

COURSE AND OUTCOME

Early studies report frequent seasonal fluctuations in
BN, but not in AN. Retrospective self-reports of patients
with BN point to a greater likelihood of binge eating and
purging during the winter than the summer months
(Blouin et al., 1992). Longitudinal analyses of AN sug-
gest a protracted course with several relapses.

In a meta-analysis of 119 studies Steinhausen (2002)
concluded that on average less than one-half of patients

recover, one-third improve, and 20% remain chronically
ill. Mortality is significantly increased with 5-5.9% suf-
fering a premature death. In adolescent AN outcome is
better, with two-thirds of patients recovered and a zero
mortality rate after 10-18 years (Wentz-Nilsson et al.,
1999; Herpertz-Dahlmann et al., 2001). However, many
patients suffer from other or additional psychiatric disor-
ders in later life, especially anxiety and affective disor-
ders, obsessive-compulsive disorders, Cluster C
personality disorders, and substance abuse.

In BN, follow-up studies of more than 10 years suggest
that 50—70% recover, while 10-30% still fulfill all diagnos-
tic criteria (Keel et al., 1999; Fichter and Quadflieg, 2004).
Mortality rate is much lower than in AN and estimated at
about 2% (Fichter and Quadflieg, 2004).

ETIOLOGY
Multifactorial models

The origin of eating disorders is widely thought to be mul-
tifactorial with several risk factors that have to be consid-
ered in a complex etiology model. These are a genetic
vulnerability, either for the eating disorder itself or, more
probably, via personality traits, biological factors asso-
ciated with starvation and malnutrition, sociocultural
factors, family and educational factors, and in some indi-
viduals precipitating life events like an experience of sep-
aration and loss, physical disease, abuse, or neglect (for a
review, see Treasure et al., 2010; Attia, 2010).

GENETICS AND MOLECULAR BIOLOGY

Many studies confirm the familial nature of eating
disorders. Previous results suggest that specific genes
may predispose individuals to an unspecific risk for eat-
ing disorders, e.g., for AN or BN or partial syndromes.
The lifetime risk for first-degree relatives of patients
with AN to develop the full syndrome of AN is approx-
imately 10-fold greater than that of healthy individuals.
In addition, there is a high prevalence of psychiatric
disorders in close relatives, such as anxiety (including
obsessive-compulsive disorder) and affective disorders.
However, family studies do not allow differentiation
between genetic and environmental risk factors.

Twin studies have yielded heritability estimates for
AN of between 48% and 76% depending on a narrow
or broad definition. For BN heritability rates are
estimated to be between 28% and 83%.

In the past decades several molecular genetic studies
to identify genes responsible for eating disorders have
been undertaken, involving both family-based linkage
studies and association studies. However, up to now,
they were not able to present unambiguous findings.

Recent linkage analyses managed to discover several
regions of interest on chromosomes 1, 2, 4, and 13 for
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AN. Fine mapping of these regions led to the identifica-
tion of genes that might fit into existing theories of the
pathophysiology of AN, e.g., of the serotonergic or can-
nabinoid system. A linkage analysis for BN reported
evidence for a susceptibility locus on chromosome 10p,
which was already identified in genome scans for obesity.

Association studies have mostly analyzed candidate
genes of systems involved in the regulation of hunger
and satiety, of body weight and the menstrual cycle.
In particular polymorphisms of the serotonergic and
dopaminergic system have been extensively investiga-
ted. Although there are some promising findings, like
those pertaining to the serotonin receptor ID and the
dopamine D, receptor gene, all of the previous results
warrant replication in independent and adequately pow-
ered samples. There are also several studies concerning
genes involved in neuropeptides and body weight
regulation, like ghrelin, leptin, neuropeptide Y, agouti-
related protein, hypocretin receptor 1 gene,. With the
exception of the opioid receptor delta-1 polymorphism
related to AN, no association was found. The latter also
warrants replication.

Probably, systematic genomewide screens could pro-
vide significant insight into heritability mechanisms of eat-
ing disorders. Collaborative investigations resulting in
large sample sizes are critical to identify risk alleles; how-
ever, up to now no significant results could be identified
(for a review, see Hinney et al., 2004; Bulik et al., 2007b).

Other prenatal and perinatal factors

Besides genetic disposition, the effect of other prenatal
factors has to be elucidated. For example, masculiniza-
tion of the central nervous system by prenatal tes-
tosterone exposure may contribute to sex differences
in the prevalence of eating disorders. Accordingly,
same-sex female twins had a much higher risk of
developing disordered eating than opposite-sex twins
(Culbert et al., 2008).

Similar to other mental disorders, pregnancy (especially
preterm birth) and perinatal complications are associated
with an increased risk for AN (Cnattingius et al., 1999).

ENVIRONMENTAL RISK FACTORS
Sociocultural factors

Eating disorders are much more present in western
industrialized countries than in other parts of the world.
Thus, several studies have analyzed an association
between a culturally bound ideal to be thin and the
development of eating disorders. This relationship is more
pronounced for bulimic eating disorders than for
restrictive AN (Ruderman, 1986). However, in a
well-designed study on the island of Curagao, Hoek
et al. (2005) demonstrated that the incidence of AN

among the majority black population was nil, while the in-
cidence among the minority mixed and white population
was similar to that of western societies. Interestingly,
most of the cases on Curacao were subjects who had de-
veloped AN after visiting the Netherlands or the USA.

Familial factors

For several decades a model of dysfunctional family
interaction style was put forward to explain the devel-
opment of eating disorders. These interaction styles
comprised too close and age-inadequate family struc-
tures like overprotection and enmeshment in AN, and
indifference, family conflicts, and high criticism in BN.

Empirical studies yielded contradictory results (for a
review, see Jacobi et al., 2004). Whereas several studies
did not find any difference between family interaction
styles in families of eating-disordered patients and those
of healthy controls, others found high-concern parent-
ing style in AN and family discord in BN. However,
in comparison to psychiatric controls no differences
were found. Most of the studies were performed retro-
spectively. Thus it has to be taken into account that par-
enting style might change in response to starvation and
unhealthy eating behavior in the child.

Other risk factors

Higher rates of sexual abuse have been realized in clin-
ical samples of bulimic patients compared to normal
controls, but not in comparison to other psychiatric
groups (for a review, see Jacobi et al., 2004).

Only very few studies report on adverse life events
preceding the onset of the eating disorder, like loss of
a first-degree relative or separation from a close friend.
Again, this does not seem to be unique for eating-
disordered patients, but is also prominent in individuals
with other mental problems.

Further risk factors include chronic physical diseases
like diabetes (Herpertz et al., 2000), chronic bowel dis-
ease, and other somatic disorders associated with dieting
and weight changes.

NEUROIMAGING AND NEUROPSYCHOLOGICAL FINDINGS

Early lesion studies suggested that pathological eating
patterns occur after lesions in the prefrontal, temporal,
mesiotemporal cortices, and the thalamus, predominantly
on the right-hand side (see Uher and Treasure, 2005, for a
review). In addition, postmortem studies of acutely ill AN
patients first demonstrated reduced cerebral mass with
prominent sulci and small gyri (Neumaérker et al. 1997).
With the advances of neuroimaging techniques during re-
cent years, more sophisticated analyses have been per-
formed on the brains of AN subjects. Structural brain-
imaging studies in acutely ill AN patients have provided
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further evidence for reduced cerebral volume along with
enlarged ventricles and large cerebrospinal fluid (CSF)
volumes (Katzman et al., 1996). The greater the absolute
weight loss and the faster the ratio of weight loss, the
smaller the total brain volume (Swayze et al., 2003). While
some studies found white-matter abnormalities with nor-
mal gray-matter volume (Swayze et al., 2003), others
showed only gray-matter deficits (mainly in the temporal
and parietal lobes) without white-matter abnormalities
(Castro-Fornieles et al., 2009). Region-specific gray-
matter loss has been reported in the right anterior cingu-
late cortex (ACC) in wunderweight AN patients
(McCormick et al., 2008). Furthermore, reduced pituitary
gland volume (Giordano et al., 2001) and amygdala-
hippocampal formation (Connan et al., 2006) reductions
have been reported.

Data regarding the reversibility of these abnormali-
ties after weight gain are conflicting. White and gray
matter seem to behave differently in this regard. Post-
mortem examination of brain tissue after weight gain
showed gray-matter deficits in recovered AN patients
(Neumérker et al., 1997). Longitudinal neuroimaging re-
search revealed small but persistent changes in gray-
matter loss, whilst CSF and white-matter volumes seem
tonormalize after weight gain (Katzman et al., 1997). For
example, Muhlau et al. (2007) reported global gray- (but
not white-) matter volume decreases of approximately
1% in recovered patients with AN. In adolescent AN pa-
tients, Castro-Fornieles et al. (2009) reported both global
and region-specific, i.e., temporal and parietal, gray-
matter deficits in the underfed state. Global gray-matter
volume was restored, but regionally some parts in the
right temporal and both supplementary motor areas
were still smaller. One study focused on the volume of
the ACC, and demonstrated that right dorsal ACC vol-
ume reductions in the acute phase normalized with
weight restoration. Furthermore, the degree of right dor-
sal ACC normalization during treatment was associated
with treatment outcome (McCormick et al., 2008). A
possible explanation for the conflicting findings in re-
covered AN patients might be the duration of recovery.
In the sample with the longest time in recovery (> 1 year
no bingeing, purging, or restricting behaviors, normal
weight, and menstrual cycles, not on medication), no ab-
normalities were found (Wagner et al., 2007), suggesting
that brain tissue normalization might lag behind clinical
improvement. So far, little is known regarding the mech-
anism behind structural brain changes and recovery dur-
ing weight rehabilitation in AN. Data on reversible brain
loss suggest that this reflects “pseudoatrophy,” resulting
from acute metabolic disruption as a consequence of star-
vation or stress or a combination of both. For example, it
has been speculated that the hyperactivity of the hypotha-
lamic—pituitary—adrenal (HPA) axis in eating disorders

might contribute to decreased volumes of the amygdala-
hippocampal formation in eating disorders (Giordano
et al., 2001; Connan et al., 2006) as this area is a main
target for glucocorticoid effects during stress. In line
with this, Katzman et al. (1996) reported that HPA axis
activity was positively associated with CSF volume and
negatively with gray-matter volume in adolescents with
AN. In addition, the increase in gray matter after weight
restoration has been associated with a decrease in corti-
sol (McCormick et al., 2008). Since white matter is con-
stituted from myelinated axons with myelin consisting
of lipids, it could be speculated that reversibility of
white-matter loss after weight gain is due to the restora-
tion of the lipid/myelin level in the brain.

In addition, magnetic resonance spectroscopy studies
can give information on nerve cell damage by assessing
brain metabolites, such as choline, N-acetyl aspartate,
phosphorus, and myo-inositol. These studies suggest
state-dependent changes in brain metabolites that were
reversible with weight recovery (Kato et al., 1997).
Castro-Fornieles et al. (2007) suggested that improved
metabolic findings were also associated with a decrease
of cortisol levels (Castro-Fornieles et al., 2007).

The relevance of structural brain abnormalities for
brain function and cognitive performance has been
hardly addressed. While some studies found a relation-
ship between cognitive impairment and regional-specific
brain alterations, others reported that even in the pres-
ence of structural abnormalities in the hippocampus
no detectable impairment in memory function was
found (Connan et al., 2006).

During recent years, functional neuroimaging stud-
ies on eating disorders have been conducted, using
single-photon emission computed tomography and pos-
itron emission tomography (PET) as well as functional
magnetic resonance imaging (fMRI) methods. When de-
scribing functional imaging data, it is crucial to distin-
guish between resting-state findings where no specific
instruction or task is given to the subject in the scanner,
and findings based upon scanning paradigms, including
the presentation of a stimulus. The latter is often aimed
at provoking symptoms, though other aspects of psy-
chopathology or pathophysiology might be the target
as well. First, resting-state studies on eating disorders
provided evidence for a reduced global and regional
cerebral glucose metabolism with indications of restora-
tion after recovery. Second, functional imaging studies
during cognitive tasks have focused primarily on symp-
tom provocation techniques (e.g., by exposure to food
stimuli), neural correlates of body image distortion,
taste processing and reward mechanisms. An overview
of fMRI studies using cognitive and emotional
tasks is provided in Table 26.2. These studies suggest
dysfunctional brain activation patterns primarily in



Table 26.2

Functional magnetic resonance imaging studies in eating disorders

Reference (year)

Samples

Task

Main findings

Marsh et al. (2009)

Redgrave et al.
(2008)

Sachdev et al.
(2008)

Wagner et al. (2008)

Schienle et al.
(2009)

20 patients with BN
20 controls

6 patients with AN
6 controls

10 patients with AN
10 controls

16 women recovered from
restricting-type AN
16 controls

17 overweight patients with
BED

17 overweight controls

19 normal-weight controls 14

normal-weight patients with

BN purging type

Simon Spatial Incompatibility Task
(self-regulation)

Emotional Stroop tasks with fat, thin,
and neutral words compared to letter
strings (XXXX)

Passive viewing of self and others’ body
images (matched for age, sex, and
BMI)

Taste processing and experience of
pleasure using a sucrose/water task

Visual exposure to high-caloric food, to
disgust-inducing pictures, and to
affectively neutral pictures after an
overnight fast

Patients with BN responded more impulsively and made more errors on the
task than did healthy controls; patients with the most severe symptoms
made the most errors. During correct responding on incongruent trials,
patients failed to activate frontostriatal circuits to the same degree as
healthy controls in the left inferolateral prefrontal cortex (BA 45), bilateral
inferior frontal gyrus (BA 44), lenticular and caudate nuclei, and anterior
cingulate cortex (BA 24/32). Patients activated the dorsal anterior cingulate
cortex (BA 32) more when making errors than when responding correctly.
In contrast, healthy participants activated the anterior cingulate cortex more
during correct than incorrect responses, and they activated the striatum
more when responding incorrectly, likely reflecting an automatic response
tendency that, in the absence of concomitant anterior cingulate cortex
activity, produced incorrect responses

Contrast: Thin minus XXXX: AN showed increased activity in the left insula,
frontal and temporal lobes.

Contrast: Fat minus XXXX: AN showed reduced activity in the left DLPFC
and right parietal cortex

Self minus nonself: Control subjects had greater activation than AN patients in
the middle frontal gyri, insula, precuneus, and occipital regions while the
patients did not have greater activation in any region

Individuals who had recovered from AN showed a significantly lower neural
activation of the insula, including the primary cortical taste region, and
ventral and dorsal striatum to both sucrose and water. In addition, insular
neural activity correlated with pleasantness ratings for sucrose in controls
but not in AN subjects

Each of the groups experienced the food pictures as very pleasant. Relative to
the neutral pictures, the visual food stimuli provoked increased activation in
the orbitofrontal cortex, anterior cingulate cortex, and insula across all
participants. The BED patients reported enhanced reward sensitivity and
showed stronger medial orbitofrontal cortex responses while viewing food
pictures than all other groups. The bulimic patients displayed greater
arousal, anterior cingulate cortex activation, and insula activation than the
other groups. Neural responses to the disgust-inducing pictures as well as
trait disgust did not differ between the groups

Continued
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Continued

Reference (year)

Samples

Task

Main findings

Wagner et al. (2007)

Frank et al. (2006)

Santel et al. (2006)

Uher et al. (2005)

Uher et al. (2005)

13 recovered patients from
AN (> 1 year of normal
weight, regular menstrual
cycles, without binge eating
or purging)

13 controls

10 recovered patients from a
bulimic-type eating
disorder (> 1 year)

6 controls

13 patients with AN

10 controls

9 women with BN, 13 patients
with AN
18 controls

10 patients with BN
16 patients with AN
19 controls

Monetary reward task (guessing-game
paradigm)

Administration of a solution of glucose
or artificial saliva

Presentation and rating of visual food
and nonfood stimuli for pleasantness
in a hungry and a satiated state

Presentation and ratings of line
drawings of underweight, normal
weight, and overweight female bodies
for fear and disgust

Presentation and ratings of food and
aversive emotional stimuli

Recovered women showed greater hemodynamic activation in the caudate
than comparison women. Only the recovered women showed a significant
positive relationship between trait anxiety and the percentage change in
hemodynamic signal in the caudate during either wins or losses. In contrast,
in the anterior ventral striatum, comparison women distinguished positive
and negative feedback, whereas recovered women had similar responses to
both conditions

Individuals who recovered from a bulimic-type eating disorder
had significantly lower activation in the right anterior cingulate
cortex and in the left cuneus when glucose was compared with
artificial saliva

When hungry, AN patients displayed weaker activation of the right visual
occipital cortex than healthy controls. Food stimuli during satiety compared
with hunger were associated with stronger right occipital activation in
patients and with stronger activation in left lateral orbitofrontal cortex, the
middle portion of the right anterior cingulate, and left middle temporal
gyrus in controls

In the three groups, the lateral fusiform gyrus, inferior parietal cortex, and
lateral prefrontal cortex were activated in response to body shapes
compared with the control condition (drawings of houses). The responses in
the lateral fusiform gyrus and in the parietal cortex were less strong in
patients with eating disorders compared with healthy control subjects.
Patients with eating disorders rated the body shapes in all weight categories
as more aversive than did healthy women. In the group with eating
disorders, the aversion ratings correlated positively with activity in the right
medial apical prefrontal cortex

Women with eating disorders identified the food stimuli as threatening and
disgusting. In response to these stimuli, women with eating disorders had
greater activation in the left medial orbitofrontal and anterior cingulate
cortices and less activation in the lateral prefrontal cortex, inferior parietal
lobule, and cerebellum, relative to the comparison group. In addition,
women with BN had less activation in the lateral and apical prefrontal
cortex, relative to the comparison group. Between-group differences in
response to nonspecific emotional stimuli were found in the occipital
cortex, parietal cortex, and cerebellum



Wagner et al. (2003) 15 patients with AN
11 controls

Uher et al. (2005) 9 recovered patients from
restricting AN
8 chronically ill patients with
restricting AN
9 controls

Seeger et al. (2002) 3 patients with AN
3 controls

Confrontation with own digitally
distorted body images using a
computer-based video-technique

Presentation of food and emotional
visual stimuli

Digital pictures of own body image,
individually distorted by subjects
themselves

Activation of the attention network as well as of structures involved in

visuospatial processing and self-reflection in both groups. Anorectic
patients showed a greater activation in the prefrontal cortex (BA 9) and the
inferior parietal lobule (BA 40), including the anterior intraparietal sulcus,
than did controls. However, an analysis of the BOLD response in the
inferior parietal lobule area revealed that anorectic patients showed a
specific increase in activation only to their own pictures and not to others,
indicating different visuospatial processing, while controls did not
differentiate

In response to food stimuli, increased medial prefrontal and anterior cingulate

activation, as well as a lack of activity in the inferior parietal lobule,
differentiated the recovered group from the healthy control subjects.
Increased activation of the right lateral prefrontal, apical prefrontal, and
dorsal anterior cingulate cortices differentiated these recovered subjects
from chronically ill patients. Group differences were specific to food
stimuli, whereas processing of emotional stimuli did not differ between
groups

In anorectic patients, stimulation with their own body image was associated

with activation in the right amygdala, the right gyrus fusiformis, and the
brainstem region

BN, bulimia nervosa; BA, Brodmann area; AN, anorexia nervosa; DLPFC, dorsolateral prefrontal cortex; BMI, body mass index; BED, binge-eating disorder; BOLD, blood oxygen level-dependent.
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frontoparietal as well as in limbic and reward-related
neural networks.

As in other domains, BN has been less well studied
than AN with neuroimaging techniques. Previous stud-
ies suggest that abnormalities in brain anatomy and cor-
tical metabolism during resting state are less
pronounced in ill BN individuals compared to patients
with AN, although they also have decreased cortical
mass during the acute stage of illness (Andreason
et al., 1992; Husain et al., 1992; Delvenne et al., 1997).
Frank et al. (2007) recruited long-term recovered BN
patients and could not demonstrate regional cerebral
blood flow (rCBF) abnormalities, suggesting that
alterations in rCBF during the acute phase of BN may
be a state-related phenomenon that remits with recovery.
Interestingly, one study suggested that at least some of
the functional abnormalities in BN might be related to
mood problems since left lateral prefrontal metabolism
correlated negatively with depressive symptoms in BN
patients (Andreason et al., 1992).

Using fMRI, Uher et al. (2005) found that, in addi-
tion to a medial prefrontal activation, common with
AN, BN patients were specifically characterized by
lower levels of activation to food cues in the lateral pre-
frontal cortex (Uher et al., 2005), corresponding to the
lack of control over eating. However, more recently,
Marsh et al. (2009) demonstrated general abnormal
self-regulatory processes in women with BN, associated
with a failure to engage frontostriatal circuits appro-
priately, which may indicate that deficits in neural cir-
cuitries underlying self-regulation contribute to binge
eating and other impulsive behaviors in women with BN.

NEUROTRANSMITTER DYSREGULATION

There has been considerable interest in the role
of the monoamine systems, including serotonin
(5-hydroxytryptamine, 5-HT) and dopamine (DA), in
the etiology of eating disorders. These systems contrib-
ute to abnormal appetite regulation, disturbances of
impulse control and mood regulation, harm avoidance,
as well as obsessionality and anxiety.

However, the majority of investigations have been
performed in acutely eating-disordered patients so that
state- (starvation, sequelae of bingeing and purging) and
trait-related dysfunction cannot be differentiated. Diet-
ing and/or starvation lead to changes of neurotransmit-
ter concentration and to altered receptor sensivity.

During the active state of the illness AN patients have
a significant reduction in CSF 5-hydroxyindole acetetic
acid (5-HIAA) in comparison to healthy controls, which
may be a consequence of diet-related decrease in
tryptophan ingestion. In contrast, in BN, CSF levels of
5-HIAA are found to be in the normal range (for a re-
view see Kaye et al. 2009).

To avoid the acute consequences of diet and/or semi-
starvation, recent studies on the neurobiology of eating
disorders have been performed in so-called recovered
patients who have attained at least a minimal healthy
weight and resumed menses. Note, however, that these
former patients on average have a lower weight than
those who have never been eating-disordered. In addi-
tion, long-term starvation accompanied by hormonal
dysfunction probably has deleterious effects on the
brain, especially on the developing one. For example,
during puberty increase of the size of the hippocampus
is related to estrogen levels (Neufang et al., 2009).

In contrast to the ill state, CSF levels of 5-HIAA are
elevated in long-term weight-restored AN and in
recovered BN subjects. Interestingly, patients with
obsessive-compulsive disorder have been shown to display
elevated CSF levels of 5-HIAA. More generally, higher
CSF 5-HIAA levels may be associated with disorders of
behavioral overcontrol, anxiety, and dysphoric mood
(for a review see Kaye et al. 2009).

Dieting (especially in the beginning of an eating dis-
order) and binge—purge cycles tend to improve negative
mood states. Thus, Kaye et al. (2009) hypothesize that
eating-disordered behavior and restrictive eating are
reinforced by an alleviation of mood and obsessionality.

A dysfunction of the serotonergic systems involving 5-
HTa, 5-HT ), and 5-HT transporter has been confirmed
by several brain-imaging studies. However, despite all
these findings, medication aimed at the 5-HT system
has not proven to be effective (Walsh et al., 2006).

Dopamine is also probably involved in the patho-
physiology of eating disorders. AN patients in the ill
state have reduced levels of CSF homovanillic acid,
a dopamine metabolite, and these reduced levels often
persist after recovery. Reduced CSF dopamine metab-
olites have also been reported in high-frequency
binge—purging BN. A PET study demonstrated that re-
covered subjects with AN had increased striatal D2/D3
binding (Frank et al. 2005). Striatal dopamine dys-
function may contribute to an altered reward response
to eating and/or other pleasurable stimuli (for review,
see Brewerton and Steiger, 2004; Kaye et al., 2009).
Interestingly, genetic studies found several polymor-
phisms in the dopamine receptor D, gene, which were
associated with the purging type of AN, although the
findings require replication in an independent sample
(Bergen et al., 2005).

NEUROENDOCRINE AND
NEUROPEPTIDE DYSREGULATION
Neuroendocrinology

AN and, to a lesser extent, BN lead to multiple endocrine
and metabolic changes. In general these abnormalities
are a consequence of semistarvation or an abnormal
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eating behavior with poorly balanced meals (or both)
and thus are mostly assigned as adaptive mechanisms
to conserve energy and protein. The increase of
B-hydroxybutyric acid in both AN and BN subjects
indicates the shift from glycogenolysis to lipolysis and
ketogenesis. Semistarvation and/or pathological eating
behavior may be associated with profound changes
in the hypothalamic—pituitary—gonadal axis, the HPA
axis, the hypothalamic—pituitary—thyroid axis, and the
hypothalamic—growth hormone—insulin-like growth
factor axis. A summary of these changes is shown in
Table 26.3.

Neuropeptides

The number of studies on changes in neuropeptides in
AN and BN is still limited. To date, most studies
found neuropeptide alterations, which are apparent
during symptomatic states of AN and BN, to
be normalized after recovery of the disorder
(Table 26.3). This indicates that neuropeptide distur-
bances are consequences rather than causes of malnu-
trition. However, with respect to gut-related peptides,
there appears to be substantial evidence that eating
disorder-related alterations in neuropeptide secretion
or functioning may maintain eating disorder pathol-
ogy. Additional studies will be needed to assess
further these mechanisms in symptomatic eating-
disordered patients, and to identify stable trait-related
abnormalities that persist in individuals who have
recovered from an eating disorder.

Recently, autoantibodies directed against melano-
cortin peptides and other appetite-regulating peptide
hormones have been identified in healthy and eating-
disordered subjects and classified as important attributors
to mechanisms controlling motivation in eating behavior.
In AN and BN, serum levels of these autoantibodies
correlated with typical psychopathological traits. How-
ever, these findings have only been presented by one
group and need to be replicated in independent samples
of eating-disordered patients (Fetissov et al., 2008).

The following sections provide a brief summary of
neuropeptide alterations in AN and BN, focusing on
gut-related neuropeptides. An overview of the neuroen-
docrinological mechanisms involved in the regulation of
food intake is given in Fig. 26.1.

LEPTIN

The anorexigenic adipocyte hormone leptin plays an
important role in the hypothalamic regulation of energy
homeostasis. Untreated AN patients show significantly
reduced serum and CSF leptin levels, primarily reflecting
reduced fat mass. During therapeutically induced weight
gain leptin levels increase and have been found to be

disproportionately high at target weight in comparison
to a healthy control group when adjusted for BMI and
percentage body fat (Holtkamp et al., 2003). Presumably,
both total amount and rate of weight gain are relevant for
this upregulation. The relative hyperleptinemia is also
found in the central nervous system (Mantzoros et al.,
1997). The rapid transition from a state of hypoleptinemia
to one of relative hyperleptinemia within several weeks
entails an upregulation in energy expenditure adjusted
for fat-free mass (Hebebrand et al., 1997, Mantzoros
et al., 1997; Haas et al., 2005). Preliminary evidence sug-
gests that hyperleptinemia may be associated with an el-
evated risk of renewed weight loss (Holtkamp et al., 2004;
Haas et al., 2005).

Semistarvation-induced hyperactivity is viewed as an
animal model of AN and can be effectively suppressed
by the administration of leptin (Exner et al., 2000). Sig-
nificant correlation between leptin and different mea-
sures of physical activity and restlessness implicates
hypoleptinemia as an important factor contributing to
the behavioral pattern observed in acutely ill patients
with AN (Holtkamp et al., 2006). Thus, leptin has
been considered as a potential therapeutic agent in
acutely ill AN patients severely affected by hyperactivity
(Hebebrand et al., 2007), therapeutic agent in acutely ill
AN patients severely affected by hyperactivity.

Several studies have shown that the actions of leptin
are not restricted to the hypothalamus and the pitui-
tary. Many other brain areas, like the brainstem, cere-
bellum, amygdala, substantia nigra, and especially the
hippocampus, are highly enriched with leptin receptors.
Memory impairments are found in leptin-insensitive
rodents, and severely underweight AN patients also
display memory deficits which are often improved with
weight gain (Harvey, 2007).

A subgroup of BN patients has decreased leptin
levels despite a normal BMI, whereas normal levels
were observed in others (Jimerson et al, 2000;
Monteleone et al., 2002, 2003; Calandra et al., 2003).
It is still unclear why some subjects exhibit decreased
leptin levels after recovery from BN. This alteration
could be associated with the tendency to renewed weight
gain in bulimic patients.

GHRELIN AND OBESTATIN

Ghrelin, an orexigenic peptide of the stomach mucosa, is
involved in the hypothalamic regulation of energy
intake. Obestatin, a relative of ghrelin derived from pre-
proghrelin, is reported to counteract ghrelin effects on
food intake (Monteleone et al., 2008). Fasting ghrelin
levels are negatively correlated with BMI and percent-
age body fat (Tolle et al.,, 2003). AN patients display
significantly increased circulating levels of both ghrelin
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Neuroendocrinological changes in anorexia nervosa (AN) and bulimia nervosa (BN) during the acute illness stage

AN BN Comment
Hypothalamic— Cortisol 1 n(7) Findings indicate a mild to moderate
pituitary—adrenal Cortisol csF T n activation of the hypothalamic—
axis ACTH n n pituitary—adrenal axis
ACTH csF 1 n Intracerebroventricular
CRH csr T administration of CRH in rats
CRH stimulation 1 produces behavioral and

Hypothalamic—
pituitary—gonadal
axis

Hypothalamic—
pituitary—thyroid
axis

Hypothalamic—growth
hormone-IGF-1 axis

Systemic peptide
hormones

Opioid system

(ACTH)

Dexamethasone
inhibition test

LH

FSH
Estradiol
T3

Ty

TSH

GH
IGF-1

Leptin i.s.

Leptin i.s. directly
after weight
restoration

Leptin CSF

Ghrelin i.s. fasting
Ghrelin i.s.
postprandial

Cholecystokinin i.s.

postprandial

PYY is. fasting
PYY is.
postprandial

-endorphin csr
B-endorphin in T
lymphocytes
Restrictive AN
Binge—purging AN

50-90% lacking
suppression

!
T (relative to BMI)

1

Tl

Tn
n or | (blunted
increase)

— — —

20-60% lacking
suppresion

In
In
n|
n|
n|

n

nf
n|

n|

1

T (absent decline)

!

n
| (blunted increase)

physiological changes similar to
symptoms of AN

Sustained lack of suppression after
weight restoration appears to be a
poor prognostic factor

For resumption of menses a sufficient
leptin level is a necessary but not
sufficient condition

Low fT; syndrome (low fT3, normal
fT, and TSH) indicates
semistarvation; substitution of
thyroxine is not indicated

High GH and decreased IGF-1
levels indicate diminished
feedback of IGF-1 on GH
secretion during starvation/
malnutrition

During weight restoration an early
normalization of serum leptin
depends on the amount of
weight gain; hyperleptinemia
at target weight may be a
potential risk factor for renewed
weight loss

Dysregulation in the acute state of BN
may be involved in maintaining
binge-eating behavior

In BN decreased postprandial release
may have a role in decreased
postingestive satiety

Continuing postprandial
orexigenic stimulation may be
involved in maintaining binge-eating
behavior

Pathophysiological relevance of
finding remains unclear; decreased
central opioid activity might
contribute to inhibition of
ingestion

1 elevated; | reduced; n, normal; CSF, cerebrospinal fluid; ACTH, adrenocorticotropic hormone; CRH, corticotropin-releasing hormone; LH,
luteinizing hormone; FSH, follicle-stimulating hormone; T3, free triiodothyronine; Ty, free thyroxine; TSH, thyroid-stimulating hormone;
GH, growth hormone; IGF-1, insulin-like growth factor, type 1; i.s., in serum; BMI, body mass index; PYY, peptide YY.
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Fig. 26.1. Neuroendocrinological regulation of food intake (dashed lines, inhibition; bold letters, orexigenic effect). MCH,
melanin-concentrating hormone; NPY, neuropeptide Y; o-MSH, a-melanocyte-stimulating hormone; CRH, corticotropin-releasing
hormone; ArGP, agouti-related protein; POMC, pro-opiomelanocortin; CART, cocaine- and amphetamine-regulated transcript;
TRH, thyroid-releasing hormone; GHRH, growth hormone-releasing hormone; ACTH, adrenocorticotropic hormone; LH,
luteinizing hormone; FSH, follicle-stimulating hormone; TSH, thyroid-stimulating hormone; GH, growth hormone.

and obestatin (Monteleone et al., 2008). Weight gain de-
creases to normal elevated fasting ghrelin levels in pa-
tients with AN (Otto et al., 2001). The rise of ghrelin
levels before food ingestion and the return to baseline
levels shortly after meals designate its role in meal ini-
tiation. It is not clear whether AN subjects have resis-
tance against ghrelin in the cachectic state. In contrast
to normal-weight controls, ghrelin administration seems
to have no effect on appetite in acutely ill AN patients
(Miljic et al., 2006). On the other hand, Otto et al.
(2005) found no differences in postprandial ghrelin de-
crease during weight gain in AN subjects, indicating that
the suppression of ghrelin release is not disturbed by
acute changes in energy balance (feeding) and seems
to be independent of chronic changes (weight gain).
Preprandial ghrelin serum levels have been found to
be normal (Monteleone et al., 2008) or increased
(Tanaka et al., 2003, 2006) in symptomatic BN patients.
More importantly, BN subjects show a blunted ghrelin
response to food ingestion (Kojima et al., 2005), indicat-
ing a profound dysregulation of a gut-hypothalamic

pathway in the symptomatic state of BN that might be
involved in the maintenance of binge-cating behavior.

Obestatin levels in BN are similar to those of normal
controls (Monteleone et al., 2008).

PeprTiDE YY

Peptide YY (PYY) is thought to be a short-term appetite
regulator belonging to the neuropeptide Y family se-
creted from endocrine cells of the gut (Adrian et al.,
1985). Serum PYY rapidly increases after a meal and
then remains elevated for hours, suggesting its possible
role as a satiety signal (Batterham and Bloom, 2003). In
contrast, injections of PYY into cerebral ventricles of
mice potently stimulate feeding (Raposinho et al.,
2001). The exact physiological role of PYY is the subject
of intensive research. Few studies of PYY in eating dis-
orders have been published so far.

In AN some studies found fasting levels of PYY to be
elevated in the acute phase of the disorder (Kaye et al.,
1990; Misra et al., 2006; Pfluger et al., 2007), whereas
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others reported normal levels of PYY (Otto et al., 2007).
Short-term weight recovery was not associated with a
normalization of PYY in one study (Pfluger et al., 2007).
However, in long-term recovered AN patients another
study found normal levels of serum and CSF PYY
(Gendall et al., 1999). Postprandial PYY release in AN sub-
jects was blunted in one study (Stock et al., 2005), whereas
another study reported a normal reaction of PYY (Otto
etal., 2007). While it is theoretically possible that increased
levels of PYY may play a role in a subset of patients with
AN, further studies are needed to establish a causal
relationship.

In BN two studies found normal preprandial PYY
levels, but an attenuated PYY response to a test meal
(Kojima et al., 2005; Monteleone et al., 2005a). Post-
prandial changes in circulating PYY were negatively
correlated with changes in serum ghrelin levels (Monte-
leone et al., 2005b). As mentioned above, dysregulation
of peripheral mechanisms involved in the short-term
regulation of feeding behavior might be involved in the
pathophysiology of BN.

CHOLECYSTOKININ

Cholecystokinin (CCK) is another satiety-inducing neuro-
peptide secreted by the gastrointestinal tract. CCK regu-
lates motor functions in the gastrointestinal tract such as
gastric emptying and gut motility and is thought to transmit
satiety signals via the vagal pathway (Peters et al., 2006).

The results of studies of CCK in AN are inconsistent.
Some studies found elevated basal plasma CCK levels
and/or increased postmeal secretion of CCK (Harty
et al., 1991; Tamai et al., 1993; Tomasik et al., 2004).
Other studies found normal or decreased levels of
CCK in AN subjects (Brambilla et al.,, 1995a; Bara-
nowska et al., 2000).

Basal levels of CCK were found to be decreased in
BN subjects during the acute stage of the disorder
(Lydiard et al., 1993; Brambilla et al., 1995b). Most stud-
ies suggest that meal-induced CCK release is diminished
in symptomatic BN subjects in comparison to controls
(Devlin et al., 1997; Keel et al., 2007) but returns to nor-
mal following treatment (Geracioti and Liddle, 1988). It
has been suggested that a blunted CCK response to a
meal may be one underlying factor for disturbances
of postingestive satiety found in bulimic patients.

Neuropsychological findings

Studies investigating neuropsychological functioning of
patients with eating disorders have shown inconsistent
results. On the one hand differences in methodology
and varying stages of illness are regarded as explanations

for differing results. On the other hand, only some of the
patients seem to be affected by cognitive deficits. Clinical
parameters like BMI, severity of the eating disorder, or
symptoms of depression do not allow prediction of cog-
nitive deficits (Bayless et al., 2002). In contrast, the pres-
ence and extent of neuropsychological deficits do not
seem to predict poor prognosis of the eating disorder.

Neuropsychological assessment during the acute
stage of AN demonstrates unspecific deficits of psycho-
motor speed and unspecific attention deficits (Lauer
et al., 1999). The most consistent neuropsychological ab-
normalities that could be found in both acutely ill pa-
tients as well as in weight-stabilized subjects with AN
affect implicit learning and set-shifting abilities (the
ability to change categories: Steinglass et al., 2006;
Roberts et al., 2007), indicating a disturbed functioning
of frontohippocampal-striatal circuits. Similar dysfunc-
tions are thought to underlie obsessive-compulsive
disorders. In addition to multiple clinical similarities
of AN and obsessive-compulsive disorder, these corre-
sponding neuropsychological deficits probably suggest
a shared biological background.

So far, few studies have been performed looking at
neuropsychological deficits in bulimic patients. The re-
sults mirror those found in subjects with AN and point
to state-dependent impairment of attention during the
acute stage of BN (Lauer et al., 1999) as well as persis-
tent deficits in set-shifting abilities after normalization
of eating behavior (Roberts et al., 2007).

TREATMENT STRATEGIES

There has been remarkably little empirically supported
research on the treatment of AN. This is likely due to
the relatively low prevalence of the disorder and a high
reluctance of patients to seek help. As a result, most rec-
ommendations are based on mainstream clinical opinion
with little empirical support. The only controlled trials
on behavioral interventions in adolescent AN have been
performed in the context of family-based therapy. These
studies consistently show that adolescents respond bet-
ter to this kind of therapy in comparison to individual
therapy, regardless of differences in design. However,
most of these family-based interventions are performed
on an outpatient basis, and patients are required to have
a minimum body weight. Thus, these findings may not
be transferred to severely emaciated patients.

In adult AN a nonspecific supportive clinical manage-
ment treatment was more effective than specific treatments
like cognitive-behavioral therapy (CBT) or interpersonal
therapy (IPT) (McIntosh et al., 2005). In posthospitalization
treatment CBT was more effective than nutritional counsel-
ing (for a review, see Fairburn, 2005).
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A variety of drugs have been investigated in AN,
mostly with negative results. Some well-designed stud-
ies demonstrated that selective serotonin reuptake inhib-
itors (SSR1Is) are unlikely to provide substantial benefit
for patients with AN during acute treatment and preven-
tion. Second-generation antipsychotics are probably
helpful for some patients; however, olanzapine is the
only atypical neuroleptic that has been studied in more
detail with rather positive, but preliminary, results
(Bissada et al., 2008). To date, no medication for AN
has been approved by the Food and Drug Administration
(FDA) (for a review, see Bulik et al., 2007a; Herpertz-
Dahlmann and Sahlbach-Andrae, 2009; Herpertz-
Dahlmann and Hebebrand, in press).

In BN, CBT is the most frequently applied behavioral
intervention, with strong evidence for effectiveness. At
the end of treatment 30—40% of patients were symptom-
free, and many of these patients maintained their im-
provement at long-term follow-up. However, in a con-
trolled study at l-year follow-up, IPT was as effective
as CBT (Shapiro et al., 2007; Schmidt, 2009; Herpertz-
Dahlmann and Sahlbach, 2009).

In contrast to AN there are several high-quality studies
that have investigated psychopharmacological agents in
BN. The SSRIs have been most studied in this disorder
and are the only pharmacological agents that have been
approved by the FDA for the treatment of adult BN. Other
classes of medication that have proven helpful in adult BN
are topiramate and odansetron, although only in studies
with small sample sizes. The side-effect profile of topir-
amate is quite debilitating, with cognitive impairment
and neurological symptoms, so that the usefulness of
topiramate in eating disorders has to be questioned.

CONCLUSION

AN and BN are complex psychiatric disorders probably
caused by genetic and environmental factors. The dieting
and starvation process itself provokes severe neuroendo-
crinological, neurotransmitter, and neuropsychological
alterations that may add to or even maintain eating disorder
psychopathology. Although much progress has been made
in improving treatment, there is still a rather high propor-
tion of eating-disordered patients who fail to respond to
any kind of therapy. Much more research is needed to
come up with novel and more effective evidence-based
pharmaceutical and psychotherapeutic interventions.

REFERENCES

Adrian TE, Long RG, Fuessl HS et al. (1985). Plasma peptide
YY (PYY) in dumping syndrome. Dig Dis Sci 30:
1145-1148.

American Psychiatric Association (2000). Diagnostic and Sta-
tistical Manual of Mental Disorders : DSM-IV-TR. 4th
edn. American Psychiatric Association, Washington, DC.

Andreason PJ, Altemus M, Zametkin AJ et al. (1992). Re-
gional cerebral glucose metabolism in bulimia nervosa.
Am J Psychiatry 149: 1506-1513.

Attia E (2010). Anorexia nervosa: current status and future
directions. Annu Rev Med 61: 7.1-7.11.

Baranowska B, Radzikowska M, Wasilewska-Dziubinska E
et al. (2000). Disturbed release of gastrointestinal peptides
in anorexia nervosa and in obesity. Diabetes Obes Metab
2: 99-103.

Batterham RL, Bloom SR (2003). The gut hormone peptide
YY regulates appetite. Ann N 'Y Acad Sci 994: 162—168.

Bayless JD, Kanz JE, Moser DJ et al. (2002). Neuropsycho-
logical characteristics of patients in a hospital-based eating
disorder program. Ann Clin Psychiatry 14: 203-207.

Bergen AW, Yeager M, Welch RA et al. (2005). Association
of multiple DRD2 polymorphisms with anorexia nervosa.
Neuropsychopharmacology 30: 1703-1710.

Bissada H, Tasca GA, Barber AM et al. (2008). Olanzapine in
the treatment of low body weight and obsessive thinking in
women with anorexia nervosa: a randomized, double-blind,
placebo-controlled trial. Am J Psychiatry 165: 1281-1288.

Blouin A, Blouin J, Aubin P et al. (1992). Seasonal patterns of
bulimia nervosa. Am J Psychiatry 149: 73-81.

Brambilla F, Brunetta M, Peirone A et al. (1995a).
T-lymphocyte cholecystokinin-8 and beta-endorphin
concentrations in eating disorders: I. Anorexia nervosa.
Psychiatry Res 59: 43-50.

Brambilla F, Brunetta M, Draisci A et al. (1995b).
T-lymphocyte concentrations of cholecystokinin-8 and
beta-endorphin in eating disorders: II. Bulimia nervosa.
Psychiatry Res 59: 51-56.

Brewerton TD, Steiger H (2004). Neurotransmitter dysregula-
tion in anorexia nervosa, bulimia nervosa, and binge eating
disorder. In: TD Brewerton (Ed.), Clinical Handbook of
Eating Disorders. Marcel Dekker, New York, pp. 257-282.

Bulik CM, Berkman ND, Brownley KA et al. (2007a).
Anorexia nervosa treatment: a systematic review of ran-
domized controlled trials. Int J Eat Disord 40: 310-320.

Bulik CM, Slof-Op’t Landt MCT et al. (2007b). The genetics
of anorexia nervosa. Annu Rev Nutr 27: 263-275.

Calandra C, Musso F, Musso R (2003). The role of leptin in
the etiopathogenesis of anorexia nervosa and bulimia.
Eat Weight Disord 8: 130-137.

Castro-Fornieles J, Bargallo N, Lazaro L et al. (2007). Ado-
lescent anorexia nervosa: cross-sectional and follow-up
frontal gray matter disturbances detected with proton
magnetic resonance spectroscopy. J Psychiatr Res 41:
952-958.

Castro-Fornieles J, Bargalld N, Lazaro L et al. (2009).
A cross-sectional and follow-up voxel-based morphomet-
ric MRI study in adolescent anorexia nervosa. J Psychiatr
Res 43: 331-340. 14.

Cnattingius S, Hultman CM, Dahl M et al. (1999). Very pre-
term birth, birth trauma, and the risk of anorexia nervosa
among girls. Arch Gen Psychiatry 56: 634-638.



460 B. HERPERTZ-DAHLMANN ET AL.

Connan F, Murphy F, Connor SE et al. (2006). Hippocampal
volume and cognitive function in anorexia nervosa. Psy-
chiatry Res 146: 117-125.

Culbert KM, Breedlove SM, Burt SA et al. (2008). Prenatal
hormone exposure and risk for eating disorders: a compar-
ison of opposite-sex and same-sex twins. Arch Gen Psychi-
atry 65: 329-336.

Currin L, Schmidt U, Treasure J et al. (2005). Time trends in
eating disorder incidence. Br J Psychiatry 186: 132—-135.
Delvenne V, Goldman S, Simon Y et al. (1997). Brain hypo-
metabolism of glucose in bulimia nervosa. Int J Eat Disord

21: 313-320.

Devlin MJ, Walsh BT, Guss JL et al. (1997). Postprandial cho-
lecystokinin release and gastric emptying in patients with
bulimia nervosa. Am J Clin Nutr 65: 114-120.

Exner C, Hebebrand J, Remschmidt H et al. (2000). Leptin
suppresses semi-starvation induced hyperactivity in
raimplications for anorexia nervosa. Mol Psychiatry 5:
476481

Fairburn CG (2005). Evidence-based treatment of anorexia
nervosa. Int J Eat Disord 37: S26-S30.

Fetissov SO, Hamze Sinno M, Coquerel Q et al. (2008).
Emerging role of autoantibodies against appetite-
regulating neuropeptides in eating disorders. Nutrition
24: 854-859.

Fichter M, Quadflieg N (2004). Twelve-year course and out-
come of bulimia nervosa. Psychol Med 34: 1395-1406.
Frank GK, Bailer UF, Henry SE (2005). Increased Dopamine
D2/D3 Receptor Binding After Recovery from Anorexia
Nervosa Measured by Positron Emission Tomography

and ["'C]Raclopride. Biol Psych 58: 908-912.

Frank GK, Wagner A, Achenbach S et al. (2006). Altered
brain activity in women recovered from bulimic-type eat-
ing disorders after a glucose challenge: a pilot study. Int J
Eat Disord 39: 76-79.

Frank GK, Bailer UF, Meltzer CC et al. (2007). Regional ce-
rebral blood flow after recovery from anorexia or bulimia
nervosa. Int J Eat Disord 40: 488—492.

Gendall KA, Kaye WH, Altemus M et al. (1999). Leptin, neu-
ropeptide Y, and peptide YY in long-term recovered eating
disorder patients. Biol Psychiatry 46: 292—-299.

Geracioti TD Jr, Liddle RA (1988). Impaired cholecystokinin
secretion in bulimia nervosa. N Engl J Med 319: 683-688.

Giordano GD, Renzetti P, Parodi RC et al. (2001). Volume
measurement with magnetic resonance imaging of hippo-
campus-amygdala formation in patients with anorexia
nervosa. J Endocrinol Invest 24: 510-514.

Haas V, Onur S, Paul T et al. (2005). Leptin and body weight
regulation in patients with anorexia nervosa before and
during weight recovery. Am J Clin Nutr 81: 889-896.

Harty RF, Pearson PH, Solomon TE et al. (1991). Cholecys-
tokinin, vasoactive intestinal peptide and peptide histidine
methionine responses to feeding in anorexia nervosa.
Regul Pept 36: 141-150.

Harvey J (2007). Leptin regulation of neuronal excitability
and cognitive function. Curr Opin Pharmacol 7: 643-647.

Hebebrand J, Blum WF, Barth N et al. (1997). Leptin levels in
patients with anorexia nervosa are reduced in the acute

stage and elevated upon short-term weight restoration.
Mol Psychiatry 2: 330-334.

Hebebrand J, Muller TD, Holtkamp K et al. (2007). The role of
leptin in anorexia nervosa: clinical implications. Mol Psy-
chiatry 12: 23-35.

Herpertz S, Albus C, Lichtblau K et al. (2000). Relationship of
weight and eating disorders in type 2 diabetic patiena mul-
ticenter study. Int J Eat Disord 28: 68-77.

Herpertz-Dahlmann B (2009). Adolescent eating disorders:
definitions, symptomatology, epidemiology and comor-
bidity. Child Adolesc Psychiatric Clin N Am 18: 31-47.

Herpertz-Dahlmann B, Hebebrand J (2010). Assessment and
treatment of eating disorders and obesity. In: A Martin,
CJ Scahill L Kratochvil (eds.), Pediatric Psychopharma-
cology. Oxford University Press, pp. 570-586.

Herpertz-Dahlmann B, Salbach-Andrae H (2009). Overview
of treatment modalities in adolescent anorexia nervosa.
Child Adolesc Psychiatr Clin North Am 18: 131-145.

Herpertz-Dahlmann B, Miiller B, Herpertz S et al. (2001).
Prospective ten-year follow-up in adolescent anorexia
nervosa — course, outcome and psychiatric comorbidity.
J Child Psychol Psychiatry 42: 603-612.

Hinney A, Friedel S, Remschmidt H et al. (2004). Genetic risk
factors in eating disorders. Am J Pharmacogenomics 4:
209-223.

Hoek HW (2006). Incidence, prevalence and mortality of
anorexia and other eating disorders. Curr Opin Psychiatry
19: 389-394.

Hoek HW, van Harten PN, Hermans KM et al. (2005). The in-
cidence of anorexia nervosa on Curacao. Am J Psychiatry
162: 748-752.

Holtkamp K, Mika C, Grzella I et al. (2003). Reproductive
function during weight gain in anorexia nervosa. Leptin
represents a metabolic gate to gonadotropin secretion. J
Neural Transm 110: 427-435.

Holtkamp K, Hebebrand J, Mika C et al. (2004). High serum
leptin levels subsequent to weight gain predict renewed
weight loss in patients with anorexia nervosa. Psychoneur-
oendocrinology 29: 791-797.

Holtkamp K, Herpertz-Dahlmann B, Hebebrand K et al.
(2006). Physical activity and restlessness correlate with
leptin levels in patients with adolescent anorexia nervosa.
Biol Psychiatry 60: 311-313.

Husain MM, Black KJ, Doraiswamy PM et al. (1992). Subcor-
tical brain anatomy in anorexia and bulimia. Biol Psychi-
atry 31: 735-738.

Jacobi C, Morris L, de Zwaan M (2004). An overview of risk
factors for anorexia nervosa, bulimia nervosa, and binge
eating disorder. In: DB Brewerton (Ed.), Clinical Hand-
book of Eating Disorders. Marcel Dekker, New York,
pp. 117-163.

Jimerson DC, Mantzoros C, Wolfe BE et al. (2000). Decreased
serum leptin in bulimia nervosa. J Clin Endocrinol Metab
85: 4511-4514.

Kato T, Shioiri T, Murashita J et al. (1997). Phosphorus-31
magnetic resonance spectroscopic observations in 4 cases
with anorexia nervosa. Prog Neuropsychopharmacol Biol
Psychiatry 21: 719-724.



EATING DISORDERS: ANOREXIA AND BULIMIA NERVOSA 461

Katzman DK, Lambe EK, Mikulis DJ et al. (1996). Cerebral
gray matter and white matter volume deficits in
adolescent girls with anorexia nervosa. J Pediatr 129:
794-803.

Katzman DK, Zipursky RB, Lambe EK et al. (1997). A longi-
tudinal magnetic resonance imaging study of brain changes
in adolescents with anorexia nervosa. Arch Pediatr Ado-
lesc Med 151: 793-797.

Kaye WH, Berrettini W, Gwirtsman H et al. (1990). Altered
cerebrospinal fluid neuropeptide Y and peptide YY immu-
noreactivity in anorexia and bulimia nervosa. Arch Gen
Psychiatry 47: 548-556.

Kaye WH, Fudge JL, Paulus M (2009). New insights into
symptoms and neurocircuit function of anorexia nervosa.
Nat Rev Neurosci 10: 573-584.

Keel PK, Mitchell JE, Miller KB et al. (1999). Long-term out-
come of bulimia nervosa. Arch Gen Psychiatry 56: 63—69.

Keel PK, Wolfe BE, Liddle RA et al. (2007). Clinical features
and physiological response to a test meal in purging disorder
and bulimia nervosa. Arch Gen Psychiatry 64: 1058-1066.

Keski-Rahkonen A, Hoek HW, Susser ES et al. (2007).
Epidemiology and course of anorexia nervosa in the com-
munity. Am J Psychiatry 164: 1259-1265.

Kojima S, Nakahara T, Nagai N et al. (2005). Altered ghrelin
and peptide YY responses to meals in bulimia nervosa.
Clin Endocrinol (Oxf) 62: 74-78.

Lauer CJ, Gorzewski B, Gerlinghoff M et al. (1999). Neuro-
psychological assessments before and after treatment in
patients with anorexia nervosa and bulimia nervosa. J
Psychiatr Res 33: 129-138.

Lydiard RB, Brewerton TD, Fossey MD et al. (1993). CSF
cholecystokinin octapeptide in patients with bulimia ner-
vosa and in normal comparison subjects. Am J Psychiatry
150: 1099-1101.

Mantzoros C, Flier JS, Lesem MD et al. (1997). Cerebrospinal
fluid leptin in anorexia nervosa: correlation with nutri-
tional status and potential role in resistance to weight gain.
J Clin Endocrinol Metab 82: 1845-1851.

Marsh R, Steinglass JE, Gerber AJ et al. (2009). Deficient ac-
tivity in the neural systems that mediate self-regulatory
control in bulimia nervosa. Arch Gen Psychiatry 66: 51-63.

McCormick LM, Keel PK, Brumm MC et al. (2008).
Implications of starvation-induced change in right dorsal
anterior cingulate volume in anorexia nervosa. Int J Eat
Disord 41: 602-610.

Mclntosh VV, Jordan J, Carter FA et al. (2005). Three psycho-
therapies for anorexia nervosa: a randomized, controlled
trial. Am J Psychiatry 162: 741-747.

Miljic D, Pekic S, Djurovic M et al. (2006). Ghrelin has partial
or no effect on appetite, growth hormone, prolactin, and
cortisol release in patients with anorexia nervosa. J Clin
Endocrinol Metab 91: 1491-1495.

Misra M, Miller KK, Tsai P et al. (2006). Elevated peptide YY
levels in adolescent girls with anorexia nervosa. J Clin
Endocrinol Metab 91: 1027-1033.

Monteleone P, Martiadis V, Colurcio B et al. (2002). Leptin
secretion is related to chronicity and severity of the illness
in bulimia nervosa. Psychosom Med 64: 874-879.

Monteleone P, Martiadis V, Fabrazzo M et al. (2003). Ghrelin
and leptin responses to food ingestion in bulimia nervosa:
implications for binge-eating and compensatory behav-
iours. Psychol Med 33: 1387-1394.

Monteleone P, Martiadis V, Rigamonti AE et al. (2005a).
Investigation of peptide YY and ghrelin responses to a test
meal in bulimia nervosa. Biol Psychiatry 57: 926-931.

Monteleone P, Fabrazzo M, Tortorella A et al. (2005b). Circu-
lating ghrelin is decreased in non-obese and obese women
with binge eating disorder as well as in obese non-binge
eating women, but not in patients with bulimia nervosa.
Psychoneuroendocrinology 30: 243-250.

Monteleone P, Serritella C, Martiadis V et al. (2008). Plasma
obestatin, ghrelin, and ghrelin/obestatin ratio are increased
in underweight patients with anorexia nervosa but not in
symptomatic patients with bulimia nervosa. J Clin Endo-
crinol Metab 93: 4418-4421.

Muhlau M, Gaser C, Ilg R et al. (2007). Gray matter decrease
of the anterior cingulate cortex in anorexia nervosa. Am
J Psychiatry 164: 1850—1857.

Neufang S, Specht K, Hausmann M et al. (2009). Sex differ-
ences and the impact of steroid hormones on the develop-
ing human brain. Cereb Cortex 19: 464-473.

Neumirker KJ, Dudeck U, Meyer U et al. (1997). Anorexia
nervosa and sudden death in childhood: clinical data and
results obtained from quantitative neurohistological inves-
tigations of cortical neurons. Eur Arch Psychiatry Clin
Neurosci 247: 16-22.

Nicholls D, Viner R (2005). Eating disorders and weight prob-
lems. BMJ 330: 950-953.

Otto B, Cuntz U, Fruehauf E et al. (2001). Weight gain de-
creases elevated plasma ghrelin concentrations of patients
with anorexia nervosa. Eur J Endocrinol 145: 669-673.

Otto B, Tschop M, Fruhauf E et al. (2005). Postprandial ghre-
lin release in anorectic patients before and after weight
gain. Psychoneuroendocrinology 30: 577-581.

Otto B, Cuntz U, Otto C et al. (2007). Peptide YY release in
anorectic patients after liquid meal. Appetite 48: 301-304.

Peters JH, Simasko SM, Ritter RC (2006). Modulation of
vagal afferent excitation and reduction of food intake by
leptin and cholecystokinin. Physiol Behav 89: 477-485.

Pfluger PT, Kampe J, Castaneda TR et al. (2007). Effect of
human body weight changes on circulating levels of
peptide Y'Y and peptide YY3-36. J Clin Endocrinol Metab
92: 583-588.

Raposinho PD, Pierroz DD, Broqua P et al. (2001). Chronic
administration of neuropeptide Y into the lateral ventricle
of C57BL/6J male mice produces an obesity syndrome in-
cluding hyperphagia, hyperleptinemia, insulin resistance,
and hypogonadism. Mol Cell Endocrinol 185: 195-204.

Redgrave GW, Bakker A, Bello NT et al. (2008). Differential
brain activation in anorexia nervosa to Fat and Thin words
during a Stroop task. Neuroreport 19: 1181-1185.

Roberts ME, Tchanturia K, Stahl D et al. (2007). A systematic
review and meta-analysis of set-shifting ability in eating
disorders. Psychol Med 30: 1-12.

Ruderman AJ (1986). Dietary restraint: a theoretical and
empirical review. Psychol Bull 99: 105-109.



462 B. HERPERTZ-DAHLMANN ET AL.

Sachdev P, Mondraty N, Wen W et al. (2008). Brains of
anorexia nervosa patients process self-images differently
from non-self-images: an fMRI-study. Neuropsychologia
46: 2161-2168.

Santel S, Baving L, Krauel K et al. (2006). Hunger and satiety
in anorexia nervosa. fMRI during cognitive processing of
food pictures. Brain Res 1114: 138-148.

Schienle A, Schifer A, Hermann A et al. (2009). Binge-eating
disorder: reward sensitivity and brain activation to images
of food. Biol Psychiatry 65: 651-654.

Schmidt U (2009). Cognitive behavioral approaches in
adolescent anorexia and bulimia nervosa. Child Adolesc
Psychiatr Clin N Am 18: 147-158.

Seeger G, Braus DF, Ruf M et al. (2002). Body image distor-
tion reveals amygdala activation in patients with anorexia
nervosa — a functional magnetic resonance imaging study.
Neurosci Lett 21: 25-28.

Shapiro JR, Berkman ND, Brownley KA et al. (2007). Bulimia
nervosa treatment: a systematic review of randomized con-
trolled trials. Int J Eat Disord 40: 321-336.

Steinglass JE, Walsh BT, Stern Y (2006). Set shifting deficit in
anorexia nervosa. J Int Neuropsychol Soc 12: 431-435.
Steinhausen HC (2002). The outcome of anorexia nervosa in

the 20th century. Am J Psychiatry 159: 1284-1293.

Stock S, Leichner P, Wong AC et al. (2005). Ghrelin, peptide
YY, glucose-dependent insulinotropic polypeptide, and
hunger responses to a mixed meal in anorexic, obese,
and control female adolescents. J Clin Endocrinol Metab
90: 2161-2168.

Swayze VW, Andersen AE, Andreasen NC et al. (2003). Brain
tissue volume segmentation in patients with anorexia
nervosa before and after weight normalization. Int J Eat
Disord 33: 33-44.

Tamai H, Takemura J, Kobayashi N et al. (1993). Changes in
plasma cholecystokinin concentrations after oral glucose
tolerance test in anorexia nervosa before and after therapy.
Metabolism 42: 581-584.

Tanaka M, Naruo T, Nagai N et al. (2003). Habitual binge/
purge behavior influences circulating ghrelin levels in eat-
ing disorders. J Psychiatr Res 37: 17-22.

Tanaka M, Nakahara T, Muranaga T et al. (2006). Ghrelin
concentrations and cardiac vagal tone are decreased
after pharmacologic and cognitive-behavioral treatment
in patients with bulimia nervosa. Horm Behav 50: 261-265.

Tolle V, Kadem M, Bluet-Pajot MT et al. (2003). Balance in
ghrelin and leptin plasma levels in anorexia nervosa pa-
tients and constitutionally thin women. J Clin Endocrinol
Metab 88: 109-116.

Tomasik PJ, Sztefko K, Starzyk J (2004). Cholecystokinin,
glucose dependent insulinotropic peptide and glucagon-
like peptide 1 secretion in children with anorexia nervosa
and simple obesity. J Pediatr Endocrinol Metab 17:
1623-1631.

Treasure J, Claudino AM, Zucker N (2010). Eating disorders.
Lancet 275: 583-593.

Uher R, Treasure J (2005). Brain lesions and eating disorders.
J Neurol Neurosurg Psychiatry 76: 852—857.

Uher R, Murphy T, Friederich HC et al. (2005). Functional
neuroanatomy of body shape perpection in healthy and
eating-disordered women. Biol Psychiatry 58: 990-997.

Van Hoeken D, Seidell J, Hoek HW (2003). Epidemiology. In:
J Tresure, U Schmidt, E van Furth edn, Handbook of Eating
Disorders. 2nd edn. . Wiley, Chichester, pp. 11-34.

Wagner A, Ruf M, Braus DF et al. (2003). Neuronal activity
changes and body image distortion in anorexia nervosa.
Neuroreport 14: 2193-2197.

Wagner A, Aizenstein H, Venkatraman VK et al. (2007).
Altered reward processing in women recovered from
anorexia nervosa. Am J Psychiatry 164: 1842—-1849.

Wagner A, Aizenstein H, Mazurkewicz L et al. (2008).
Altered insula response to taste stimuli in individuals
recovered from restricting-type anorexia nervosa. Neurop-
sychopharmacology 33: 513-523.

Walsh BT, Kaplan AS, Attia E et al. (2006). Fluoxetine after
weight restoration in anorexia nervosa. J Am Med Ass 295:
2605-2612.

Wentz-Nilsson EW, Gillberg C, Gillberg IC et al. (1999). Ten-
year follow-up of adolescent-onset anorexia nervosa: per-
sonality disorders. ] Am Acad Child Adolesc Psychiatry
38: 1389-1395.



	Eating disorders: anorexia and bulimia nervosa
	Introduction
	Diagnosis, Epidemiology, And course
	Definition and Classification
	Comorbidity
	Epidemiology
	Course and Outcome
	Etiology
	Multifactorial Models
	Genetics and Molecular Biology

	Other Prenatal and Perinatal Factors

	Environmental Risk Factors
	Sociocultural Factors
	Familial Factors
	Other Risk Factors
	Neuroimaging and Neuropsychological Findings
	Neurotransmitter Dysregulation


	Neuroendocrine and Neuropeptide Dysregulation
	Neuroendocrinology
	Neuropeptides
	Leptin
	Ghrelin and Obestatin
	Peptide Yy
	Cholecystokinin

	Neuropsychological Findings
	Treatment Strategies


	Conclusion


