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FIGURE 1. The convergence of sensory pathways related to controlling food intake are presented in a simplified diagram."* The
primary sensory cortices for smell (yellow) and taste (blue) are color-coded onto one side of representative coronal and axial
magnetic resonance images. Unlike other senses, smell and taste project to the ipsilateral cortex.® Portions of the orbitofrontal
cortex (light green) and the amygdala (dark green) receive convergent input (e.g., texture, temperature, visual appearance) that
is critical for experiencing the reward value of food. These areas, in turn, project onto areas that are important for behavioral
(cingulate cortex, striatum) and autonomic (lateral hypothalamus) responses.
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utilizing images from the Columbia Brain Atlas [’H] 8-OH-DPAT ['H] ketanserin [’H] cyanoimipramine ['C] WAY-100635

(cba.cpmc.columbia.edu). PET (far right) has the
advantage of providing in vivo measurements. Au-
toradiography (left panel), which is performed on
the postmortem brain, provides much higher reso-
lution. These examples illustrate the comparative
distributions of 5-HT, ,, 5-HT,,, and 5-HTT. Red
indicates highest binding and blue indicates low
binding, as shown on the color bar below each ti-
tle. Note the high level of 5-HT,; , binding in the
hippocampus and the most superficial layers of
frontal, temporal, and parietal cortex. 5-HT,, bind-
ing is highest in the superficial-middle layers in
most areas of the cortex, with medium binding in
the striatum, thalamus, hippocampus, amygdala,
and entorhinal cortex. 5-HTT binding is very high
in limbic-related cortical areas such as the cingulate
and insula, as well as the striatum and the pulvi-
nar nucleus of the thalamus.
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Within the field of psychiatry, eating disorders are
classically known for their emergence in adoles-
cent females, notable debility, and their high risk for co-
morbid axis I and II pathologies. Anorexia nervosa was
formally described in the 1870s.* Simmonds™ report in
1914 linked anorexia with pituitary gland disease, and
for at least 20 years, the condition was commonly la-
beled Simmonds’ disease. Anorexia has the highest
mortality rate among psychiatric disorders, with risk of
suicide greatest in those with comorbid major depres-
sion.”® DSM-IV-TR defines three eating disorders: an-
orexia, bulimia nervosa, and eating disorder not other-
wise specified.” Anorexia is defined as the refusal to
maintain 85% of normal body weight, considerable fear
of gaining weight, distorted view of body image or
weight, and amenorrhea in females. There are two sub-
types of anorexia: restricting type, in which individuals
restrict food intake or diet and exercise to lose weight;
and binge-eating/purging type, in which individuals
may overeat at times and then use methods to purge the
food (e.g., vomiting, laxatives, diuretics). Bulimia is de-
fined as recurrent frequent binge eating with recurrent
compensatory purging behaviors (e.g., self-induced vom-
iting, use of laxatives, enemas, diuretics, etc.) and a dis-
torted self-image overly influenced by body shape and
weight, but with a normal body weight. Both anorexia
and bulimia are more common in industrialized nations
and generally begin in late adolescence or early adult-
hood. Still under investigation is binge eating disorder,
currently classified under eating disorder not otherwise
specified. The research criteria for this new diagnosis in-
clude recurrent episodes of binge eating in discrete pe-
riods of time with a lack of control over eating behaviors,
intake of more food than necessary, eating when not hun-
gry, and not using compensatory mechanisms. A more
in-depth description of the clinical features of these eating
disorders can be found in a recent review.’

As noted in a review of the epidemiology of the major
eating disorders, prevalence rates are the most useful for
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estimating the likely need for care.” A recent population-
based study analyzed data from the National Comorbid-
ity Survey Replication."” The study contains interview-
based data that are nationally representative for the
United States. Lifetime prevalence in females was esti-
mated at 0.9% for anorexia nervosa, 1.5% for bulimia
nervosa, 3.5% for binge eating disorder, and 0.6% for
subthreshold binge eating disorder. Lifetime prevalence
in males was estimated at 0.3% for anorexia, 0.5% for
bulimia, 2.0% for binge eating disorder, and 1.9% for
subthreshold binge eating disorder. Overall, these re-
sults are similar to previous population-based surveys
in the United States and other countries for females.'’
Somewhat higher lifetime prevalence rates for anorexia
(1.2%-2.2%) have been reported in female twin studies.”
As expected, many more females than males fulfilled
DSM-IV-TR diagnostic criteria for these disorders. In-
terestingly, the rate of subthreshold binge eating disor-
der was much higher in males than in females, resulting
in a similar rate when all disorders were combined. Con-
sistent with previous studies, comorbid mental disor-
ders (e.g.,, mood, anxiety, impulse-control, and sub-
stance abuse disorders) were common. Less than half of
those interviewed who met the diagnostic criteria for an
eating disorder sought treatment for their eating disor-
der, although more than half reported receiving mental
health treatment at some point in their lives. Unwilling-
ness to seek help results in the underestimation of eating
disorders in studies based on medical records.”
Multiple studies have reported higher levels of dis-
ordered eating in military personnel than in civilian
populations.'''® An early set of studies assessing eating
disorder behaviors in Navy personnel found that ap-
proximately 50% met criteria for an eating disorder.'"'?
A later study from the same author that included active
duty servicewomen from the Army, Navy, Air Force,
and Marines found even higher prevalence rates."” All
three of these studies were based on anonymous sur-
veys. A prospective study of female active duty Army
enlisted and officer personnel used the Eating Disorder
Inventory, a self-report questionnaire, as a screening in-
strument."* A full clinical interview by a board-certified
psychiatrist was administered to all subjects who met
the criteria for being at risk for abnormal eating behav-
iors (33.6% of the group). Overall, 23% of at-risk subjects
(8% of the whole group) were diagnosed as having an
eating disorder. A recent study used the Eating Atti-
tudes Survey-26, a standardized self-report survey, to
assess disordered eating in entry-level soldiers.'® The

253



IMAGING OF EATING DISORDERS

Eating Attitudes Survey-26 has been validated with the
DSM-1V eating disorders criteria.'” The study found that
7% of males and 29.6% of females met criteria for dis-
ordered eating.'® Several studies implicated a concern
about passing required fitness assessments as a major
factor contributing to the development of disordered
eating behaviors in military personnel.”” Another study
used the Eating Attitudes Survey-26 to assess disor-
dered eating in military dependent adolescent girls and
their parents.'"® Overall, 8% of adolescents and 9% of
parents (10% of mothers, 5% of fathers) met the criteria
for disordered eating. Twenty-one percent of adoles-
cents and 26% of parents (27% of mothers, 15% of fa-
thers) met criteria for being at risk for abnormal eating
behaviors. This rate was the same for adolescents re-
gardless of the status (active duty or retired) of the mili-
tary parent, suggesting that risk of disordered eating
may remain high even after separation from the military.

Only a few studies have examined eating disorders in
U.S. veteran populations.’”! One set of studies exam-
ined the discharge diagnoses of veterans hospitalized in
Veterans Affairs (VA) medical centers in 1996."*%° The
prevalence of eating disorders was 0.3% in females and
0.02% in males. As noted by the authors, this is likely
an underestimation of the actual prevalence, as these
rates indicate cases receiving a formal diagnosis. Almost
all veterans with eating disorders (95% of women, 92%
of men) had at least one comorbid psychiatric diagnosis,
compared with less than half of the veterans without
eating disorders matched for age, sex, and race. A study
of veterans enrolled in a VA women’s health clinic in
1999 found that 9% screened positive for an eating dis-
order and 45% screened positive for at least one mental
health disorder.”!

A current review provides an in-depth discussion of
the present understanding of the factors that may con-
tribute to the development of eating disorders.* As the
authors note, the widespread practice of drawing re-
search subjects from patient populations has the poten-
tial to bias samples in ways that may distort estimates
of risk. The common view that most patients with eating
disorders are affluent young white females, for example,
may be biased by who has sought treatment. The cul-
tural factor that has been most implicated is the increas-
ingly thin ideal of female beauty, with the internaliza-
tion of this ideal leading to body dissatisfaction.
However, some cross-cultural studies indicate that an-
orexia can occur in individuals without a fear of fatness.
The authors emphasize the importance of studying bio-
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logical and cultural risk factors together as well as the
need for studies that include racial and ethnic diversity.*
Two new studies may shed light on the biological sub-
strate for the differential vulnerability of females and
males in the development of eating disorders.”*** Both
studies assessed the risk of developing disordered eat-
ing in same-sex and opposite-sex twin pairs. One study
reported that the prevalence of anorexia (broad diag-
nostic criteria) is highest in female-female twin pairs
(0.99 monozygotic, 1.12 dizygotic), intermediate in fe-
male-male twin pairs (0.71 female, 0.60 male), and low-
est in male-male twin pairs (0.07 monozygotic, 0.02 di-
zygotic).” The other study evaluated disordered eating
as measured by total scores on the Minnesota Eating
Behavior Survey in twin pairs.”® Having a male co-twin
was associated with lower scores (fewer symptoms of
disordered eating) for both male and female twins. Thus
female-female twin pairs had the highest scores, fol-
lowed by opposite-sex females, then opposite-sex males,
with male-male twin pairs scoring lowest. Both studies
reviewed the literature supporting the importance of in
utero influences on the development of many character-
istics, including eating behaviors. Sexually dimorphic
brain regions that have been implicated in regulation of
food intake and body weight include the anterior cin-
gulate, the dorsolateral, prefrontal, and orbitofrontal
cortices, the amygdala, the hypothalamus, and the in-
sula.”® These regions include areas that are directly in-
volved in the sensations of taste and smell, reward value
of food, and control of food intake (Figure 1)."*?+2¢
Anorexia nervosa (primarily) and bulimia nervosa
have been the subject of traditional imaging studies for
over 20 years. A variety of neuroanatomical structures
have been identified as abnormal in either the acutely
ill or recovered state. Results have varied with study
design, imaging type, individual markers of the illness
studied (e.g., interoceptive awareness), and stage of ill-
ness. Key learning points from these studies include the
range and complexity of circuit abnormalities that may
produce the same outward symptoms, the breadth of
imaging techniques available for study use, and the po-
tential that identifying the areas of abnormality within
a disease group might eventually lead to more refined
treatments. Complex psychiatric illnesses are influenced
by multiple biological, psychological, and social factors
that create the final symptom picture. Within the eating
disorders group, many of the biological and psycholog-
ical factors have been studied with imaging. A critical
challenge will be how to integrate sustained individual
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imaging findings into a global view of the disease pro-
cess or an anatomical explanation for the symptom com-
plex. To date, there is not a single type of imaging study
that can fully demonstrate the entire biopsychosocial
picture that creates anorexia or bulimia. Thus, the cli-
nician and scientist gain small pieces of the picture with
each imaging type and gradually assemble a fuller per-
spective. Discussion of the current biological, psycho-
logical, and social correlates of eating disorders, with
particular emphasis on adolescent development and
contributions of the known emotion and behavior cir-
cuits of the brain, can be found in several reviews.>?”
A review summarizing the case report literature re-
lated to symptoms of weight/eating changes secondary
to brain injury provides some interesting points.*® Fifty-
four cases with documented structural brain lesions as-
sociated with symptom presentation were identified.
The most commonly reported lesion locations were the
hypothalamic area (43%), the cortical area (24%), and the
brainstem (13%). The authors noted that the cortical le-
sion cases more closely resembled classic DSM-1V eating
disorders of anorexia or bulimia. Right frontal and right
temporal lesions were most commonly noted. The hy-
pothalamic cases had more atypical symptom clusters.
The strong comorbidity and familial occurrences with
obsessive-compulsive disorder (OCD) was also noted.
A review of the most commonly observed findings in
older structural and functional imaging studies noted
several weaknesses, including a limited total number of
subjects (particularly for bulimia nervosa) and nonspec-
ificity of structural findings across studies.?” These stud-
ies do support nonspecific gray matter loss and proba-
bly white matter volume loss in anorexia nervosa. This
volume loss partially recovers with increasing body
weight. Single photon emission computed tomography
(SPECT) and to a lesser extent positron emission tomog-
raphy (PET) assessments of blood flow/metabolism
have been performed in even fewer subjects with varied
results. In addition to a mild global reduction, the most
common areas of specifically decreased perfusion/me-
tabolism in acutely ill anorexia subjects were the tem-
poral, parietal, cingulate cortices; some areas sustained
the abnormalities after recovery. Functional MRI (fMRI)
has been used to assess brain activation changes with
body image and food challenges. Areas more commonly
activated included the prefrontal, anterior cingulate,
and parietal cortices—areas heavily tied to the emotion/
anxiety circuits. Only a few studies have been completed
in subjects with bulimia. Preliminary findings have in-
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cluded diffuse volume reductions acutely on structural
imaging and similar decreases on SPECT/PET to an-
orexia, but with less documentation of resolution in re-
covery. Brief discussion is also given to potential cortisol
interactions, effects of emaciation and dehydration, and
the very early work in decreased serotonin binding in
these conditions.

More recent structural imaging studies using voxel-
based morphometry to assess changes as a function of
recovery have not resolved the controversies. One study
found a global decrease in gray matter of 1.3% in recov-
ered anorexia patients (median recovery 15.5 months)
compared to healthy women.** This decrease did not
correlate with any clinical measures (e.g., duration of
anorexia, length of recovery). Regional analysis indi-
cated widespread cortical and subcortical areas of de-
creased gray matter. In addition, the anterior cingulate
cortex was decreased by 5.4%, correlating with lowest
lifetime body mass index (BMI) (i.e., severity of illness).
In contrast, normalization of both global and regional
brain tissue volumes with recovery (minimum recovery
>1 year) were reported for subjects with restricting-type
anorexia, bulimic-type anorexia, and bulimia.*® De-
creased volume of gray matter and CSF (but not white
matter) relative to comparison subjects and normaliza-
tion of global measures with recovery (=6 months) in
adolescents with anorexia have also been reported.*
The recovery-associated increase in gray matter volume
correlated with decreased blood cortisol level but not
with increased BMI. As the authors noted, the regional
differences in gray matter volume that were still present
might well be due to the relatively short recovery time.

Functional imaging studies have aimed to refine the
areas of altered blood flow before and after treatment
(“recovery”) and to identify circuit abnormalities that
coincide with commonly found markers of psychologi-
cal distress in eating disorder patients. Markers include
interoceptive awareness, a drive for thinness, bulimia,
body dissatisfaction, ineffectiveness, perfectionism, in-
terpersonal distrust, and fear.*>** Three studies have
used statistical parametric mapping analysis of regional
cerebral blood flow (rCBF) (SPECT) in acutely ill (hos-
pitalized) patients. In one study, subjects with anorexia
(N=12, mean BMI=12.5) had decreased rCBF in mul-
tiple regions, including the anterior and posterior cin-
gulate cortices, relative to comparison subjects.”® After
treatment (mean BMI=15.6), only the anterior cingulate
cortex was decreased relative to comparison subjects. A
positive correlation was found between BMI and rCBF
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in the occipital cortex. In the second study, a positive
correlation was found between rCBF in the dorsolateral
prefrontal cortex and interoceptive awareness prior to
treatment in subjects with anorexia (both restricting and
bulimic types, N=8, mean BMI=12.9).% Following
treatment (mean BMI=18.8), rCBF was significantly in-
creased in the dorsolateral prefrontal, medial parietal,
and posterior cingulate cortices and significantly de-
creased in the putamen. Improved rCBF was also seen
in the anterior cingulate and the medial prefrontal cor-
tices, but did not reach statistical significance. No cor-
relations were found between any clinical variables and
rCBF following treatment. Of note is the lack of com-
parison groups and the early scanning for the “after
treatment” group. The authors described the subjects as
in “partial recovery.” The third study examined patients
with restricting-type anorexia (N=31, mean BMI=
14.4), binging/purging-type anorexia (N=16, mean
BMI=15.3), and bulimia (N=20, mean BMI=20.1).3*
There was a significant positive correlation between the
psychological correlates of body dissatisfaction and
rCBF in the medial ventral prefrontal and posterior cin-
gulate cortices. Ineffectiveness was positively correlated
with rCBF in the lateral ventral prefrontal and posterior
cingulate cortices. No correlations were found between
rCBF and BMI or duration of illness. This study also
lacked a comparison group, did not separate out the
subgroups with the imaging results, and did not have
any recovered subjects. The authors of these studies at-
tributed the results to known areas of the emotion and
behavior circuits that control cognitive and emotional
processing. However, it is unclear whether the imaging
findings were related to recovery from malnutrition,
were related to the disease process itself, or were the
final new steady-state for recovery.

One recent study assessed rCBF (['°-O] water PET)
following a minimum of 6 months recovery, as defined
by maintaining >90% average body weight, having reg-
ular menstrual cycles, and having no disordered eating
patterns.® Patients were grouped by diagnosis: restrict-
ing-type anorexia nervosa (N =10, mean BMI=20); bu-
limic-type anorexia (N =8, mean BMI=21); and bulimia
nervosa (N=9, mean BMI=23). No areas of abnormal
rCBF were found relative to comparison subjects. No
relationship was found between rCBF and current BMI.
Past lowest BMI was positively correlated with rCBF in
the lateral and medial orbitofrontal, medial and lateral
temporal, parietal, and sensorimotor cortices for restrict-
ing-type anorexia only. The authors of the study noted
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that recovery of rCBF may be slower than recovery of
normal weight. Thus, the stage of recovery should be
taken into account in studies using methods based on
blood flow, such as fMRI and PET imaging of receptors.

Functional MRI is a useful technique for examining
the areas of brain activation under a given task. For eat-
ing disorders, fMRI allows a closer look at emotional
and cognitive processing in both acute and recovered
patients. Tasks have included reward processing, re-
sponse anticipation and response conflict processing,
differentiating positive and negative feedback, and pre-
sentation of visual representations of food. Recent stud-
ies have demonstrated variations from control subjects
in the frontal cortex, cingulate, and caudate under the
testing conditions.”~* These findings may help to dif-
ferentiate state versus trait characteristics in the future,
but generalizing to the disease group as a whole is still
premature.

Serotonin (5-hydroxytryptamine, 5-HT) is intimately
involved in appetite as well as in the comorbid condi-
tions of anorexia nervosa and bulimia nervosa, such as
anxiety, OCD, and depression.?’ It has been suggested
that abnormalities in the serotonin system might be
present in eating disorders. Early studies indicated that
patients who had recovered from anorexia or bulimia
had serotonin abnormalities including elevated levels of
the metabolite 5-hydroxyindoleacetic acid in their CSF
(indicating increased serotonin release).”’ Recent PET
and SPECT studies have assessed the state of the sero-
tonin system by imaging binding to several receptors.*’

The 5-HT;, receptor has two different localizations
and functions (Figure 2). In the raphe nucleus it is lo-
cated presynaptically and serves as an autoreceptor, de-
creasing serotonin neurotransmission. In other areas
(e.g., frontal cortex, hippocampus) it is located postsy-
naptically, mediating serotonin neurotransmission. Sev-
eral studies have evaluated 5-HT; , receptor binding in
subjects with eating disorders.*'~** A study of acutely ill
subjects with bulimia found that binding potential was
increased (7% to 27%) relative to comparison subjects in
all cortical areas studied (frontal and temporal cortex).*!
Statistically significant (without Bonferroni’s correction
for multiple comparisons) increases were found in the
angular gyrus, medial prefrontal cortex, and posterior
cingulate cortex. The authors suggested that such wide-
spread areas of increase may be related more to im-
paired impulse control than specifically to bulimia. An
unpublished study of recovered bulimia subjects rela-
tive to a comparison group showed increased binding
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of 5-HT, , in multiple areas of the cortex, suggesting that
this might be a trait marker for bulimia.** A study of
acutely ill subjects with anorexia (N =15, eight restrict-
ing-type anorexia, seven bulimic-type anorexia) also re-
ported increased binding potential (33% to 71%) in all
regions examined for both anorexia groups relative to
comparison subjects.”> After adjustment for multiple
comparisons (method of false discovery rate), signifi-
cant increases were present in the sub- and pregenual
cingulate, lateral and medial orbitofrontal, prefrontal,
lateral and mesial temporal, and parietal cortices, as
well as in the brainstem raphe. In contrast, differences
have been reported between subjects with restricting
and bulimic-type anorexia following recovery (mini-
mum 1 year).* Subjects recovered from bulimic-type an-
orexia still had increased binding in all areas assessed
relative to comparison subjects, whereas subjects recov-
ered from restricting-type anorexia were not signifi-
cantly different from comparison subjects. There were
no differences in binding related to comorbid histories
of OCD, depression, or substance abuse. There was a
positive relationship between amount of binding in the
mesial temporal cortex and harm avoidance scores in
the subjects recovered from restricting type anorexia.
The authors of the study noted that these findings in-
dicate that abnormal 5-HT, 4 binding continues even af-
ter recovery and may be associated more with the symp-
toms of binging-purging than with the overall disease.

5-HT, A receptors are found postsynaptically and me-
diate serotonin neurotransmission. This receptor is
found in multiple areas of the brain, particularly the ce-
rebral cortex (Figure 2). Several studies have evaluated
5-HT,, binding in patients with eating disorders, as re-
cently reviewed.***° Although an earlier study re-
ported reduced binding in the frontal, parietal, and oc-
cipital cortices in acutely ill patients with anorexia
relative to comparison subjects, two later studies found
no differences between acutely ill subjects with either
anorexia nervosa or bulimia nervosa and comparison
subjects.***>*¢ None of the studies found a significant
correlation between regional binding and clinical vari-
ables such as BMI. One of the studies reported positive
correlations between binding in the lateral and medial
orbitofrontal, supragenual cingulate and parietal corti-
ces, and harm avoidance in anorexia.*® A fourth study
compared binding in acutely ill patients with restricting-
type anorexia and bulimia-type anorexia.*” The only sig-
nificant difference was reduced binding in the parietal
cortex in bulimia-type anorexia compared with restrict-
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ing-type anorexia. Binding in this region correlated pos-
itively with reward dependence (but not other clinical
variables) in both groups (lower score on reward de-
pendence was associated with lower binding). A study
of subjects recovered from bulimia relative to compari-
son subjects found an absence of the normal negative
correlation between age and binding as well as signifi-
cantly reduced binding in the medial orbitofrontal cor-
tex, but no significant correlations between regional
binding and clinical variables.*® The authors suggested
that this regional decrease in receptor binding may be a
result of down-regulation in response to recovery-re-
lated elevation in serotonergic neurotransmission. A
study of subjects recovered from anorexia relative to
comparison subjects found the normal negative corre-
lation between age and binding.*’ In addition, binding
was reduced significantly in the pre- and postgenual
cingulate and mesial temporal cortices by region-of-in-
terest analysis, and in mesial temporal and middle tem-
poral cortices and subcortical parietal lobe by statistical
parametric mapping. The authors noted that the consis-
tent changes in the mesial temporal area, which includes
the hippocampus and amygdala, supports results of
other studies implicating this region in psychopathol-
ogy. Based on a comparison of these results in anorexia
to their previous study in bulimia, the authors also sug-
gested that it might be possible to identify subgroups
based on different regional patterns of changes in bind-
ing of 5-HT;, and 5-HT,, receptors.**** A follow-up
study reported that patients recovered from bulimic-
type anorexia had significantly reduced binding (prior
to correction for multiple comparisons) relative to com-
parison subjects in the subgenual cingulate and parietal
cortices, and did not show the normal negative corre-
lation between age and binding.” Binding in several re-
gions correlated positively with harm avoidance and
negatively with novelty seeking.

The 5-HT transporter (5-HTT) is located presynapti-
cally and mediates reuptake of serotonin, terminating
its postsynaptic action. The highest concentrations of
this receptor are in the striatum and hippocampus (Fig-
ure 2). A SPECT (['*’I]-2beta-carbomethoxy-3beta-(4-io-
dophenyDtropane) study analyzing acutely ill patients
with bulimia relative to comparison subjects reported
significantly reduced binding (17%) in the thalamus /hy-
pothalamus region.” There was a negative correlation
between duration of illness and binding (lower binding
with longer duration of illness). A PET ([''C]McN5652)
study evaluating 5-HTT binding following recovery
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compared female patients recovered from bulimic-type
anorexia (N =7), restricting-type anorexia (N=11), bu-
limia (N=9), and 10 healthy comparison subjects.”® The
PET images were coregistered with MRI. Genotyping for
two specific alleles in the promotor region of the 5-HTT
gene was also done. The group that had recovered from
restricting-type anorexia had significantly increased
binding in the antero-ventral striatum and dorsal raphe
compared with to the group recovered from bulimic-type
anorexia. The group recovered from bulimic-type an-
orexia also had significantly lower binding in the antero-
ventral striatum than the group recovered from bulimia.
Binding was not related to clinical variables (e.g., comor-
bid disorders, length of recovery, current or lowest BMI).
No genetic differences were observable between eating
disorder subjects and comparison subjects, possibly be-
cause of the small number of subjects tested. The authors
concluded that these results support the hypothesis that
there are indeed differences in serotonin function among
the eating disorders.

The majority of studies assessing the serotonin system
have been the work of one research group.”** As noted
in their reviews, results have varied with the condition
of the subjects (acutely ill or recovered), the subtype of
eating disorder, and the receptor ligand used. They have
commented that the pattern of results suggests that it
might be possible to identify subgroups based on dif-
ferent regional patterns of change in binding of seroto-
nin receptor types (trait markers). They also have noted
the future possibilities of receptor imaging on the design
of medications and choice of medications within a pa-
tient subpopulation. It is important to bear in mind,
however, that all of these studies had small numbers of
subjects, and replication in larger groups is needed. Ad-
ditional factors that must be taken into account in future
studies are age and gender. Several studies have found
gender and age-based differences in binding of 5-HT 5
and 5-HTT.>** This may impact not only the expression
of eating disorders but the response to currently avail-
able serotonin-based medications.

An alternative hypothesis has been elucidated that
takes the very different view that most or all of the

changes seen in anorexia, including psychiatric symp-
toms and changes in receptor binding, result from the
starvation itself (state rather than trait markers).”*™®
From an evolutionary perspective, the physiological re-
sponses to severely decreased caloric intake (e.g., in-
creased impulsivity, activity, and aggression) are adap-
tive during times in which resources are scarce.” It has
been proposed that physical and mental activation in-
duced by self-starvation, both of which are rewarding,
may underlie the genesis of anorexia in vulnerable in-
dividuals.”*”® A therapeutic approach has been de-
veloped based on the possibility that disordered eating
is maintained by conditioning.””***! Treatment focuses
on teaching a more normal pattern of eating, so that
eventually satiety coincides with a normal intake of
food. Patients are kept warm following meals to reduce
activity. Results from the initial randomized trial
(N =16) showed successful treatment outcomes for both
anorexia and bulimia, with most (14/16) in remission by
a median of 14.4 months (range =4.9-26.5 months).*! A
follow-up study of patients with anorexia assessed treat-
ment response as a function of initial BMI (group 1 <14,
group 2 >15.5).® Mean time to remission was much
longer in group 1 (22 months) than in group 2 (10.9
months). Both groups were followed regularly once re-
mission was achieved, and behaviors remained normal
at the 5-year assessment.

Conclusion

The hypothesis that alterations in the serotonin system
are important in the pathophysiology of eating disor-
ders is consistent with functional anatomy, but studies
have not yet provided a complete understanding of the
disease process. In addition, the common finding of no
correlation between regional binding and a wide range
of clinical variables is challenging. The very limited but
promising results reported for a therapeutic approach
that focuses on remedial training for disordered eating
patterns is quite intriguing. Studies are needed to fully
evaluate these two very different hypotheses.
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