
c o i l t i ~ l u o ~ ~ s  or  in t e r~n l t t en t  treatment 
throughout adult life-is a concept that  is 
receivine more a t tent ion.  I n  this context.  " 
t he  risk-benefit and quality-of-life analy- 
ses of nha rmaco lo~ ic  treatment become 

L 

increasingly important.  Vigorous dialog 
between heal th  care professionals, pa- 
tients, t he  research community, and  regu- 
latorv authorities is needed to  define, in  
objedtive and quantifiable terms, the  ;in- 
iinum efficacy re i l~~ i red  t o  justify long- 
term treatment.  Safety considerations are 
critical. For examvle, because women 
make up the  largest group seeking treat- 
men t  for obesity, potential  drugs must be 
tested in  long-term studies for possible 
undesired effects o n  reproductive function 
and hornlonal status. 

Innovative drugs xi11 be most effective 
u 

when they are used as adjuncts to, rather 
than substitutes for, lifestvle changes to iin- 
prove the  metabolic fitness, health, and 
quality of life for obese individuals. Such 
drugs will likely be part of sequential or 
coml.ined treatment vrograms tailored to  

A u 

individual patients. In  summary, although 
the  ~ a t h  to  innovative medicines for obesi- 
ty is strewn x i t h  Inany obstacles, the  recent 
progress in  the  "new science" of obesity 
provides hope that the  future of obesity 
treatment will be bright. 
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Eating Disorders: 
progress and Problems 

B. Timothy Walsh* and Michael J. Devlin 

Recent research on Anorexia Nervosa and Bulimia Nervosa has yielded an increasingly 
detailed understanding of the range of biological and psychological abnormalities as- 
sociated with these eating disorders, Inherited vulnerabilities, cultural pressures, and 
adverse individual and family experiences all appear to contribute to the onset of extreme 
dieting, binge eating, and purging. Once initiated, these behaviors give rise to multiple 
physiological disturbances, some of which may serve to perpetuate the illness. Although 
there have been substantial advances in the management of Bulimia Nervosa, the goal 
of offering effective treatment to all individuals with eating disorders remains elusive. This 
article reviews current thinking on the etiology and treatment of the two major eating 
disorders and a related syndrome, Binge Eating Disorder. 

O v e r  the  past 25 years, Anorexia Nervosa 
( A N )  and Bulimia Nervosa (BN),  the  two 
officially recognized eating disorders, have 
become a major focus of attelltion arnong 
both the  research community and the  gen- 
eral public. Together these illnesses affect 
about 3% of n7ornen over thelr lifetime. and 
BN, the  more common disorder, appears to  
be increasing in  incidence. T h e  causes of 
A N  and BN remain enigmatic. Cultural 
and envlronrnental factors are thought to 
play a role, as eating disorders are generally 
Inore corninon in industrialized than in de- 
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veloping nations. T h e  possible etiologic 
role of biological factors has been difficult 
t o  study because the  disorders are relatively 
rare and because good animal models do  not  
yet exist. Although significant strides have 
been made 111 developing effective treat- 
ments for BN, A N  remains difficult to treat, 
especially over the  long term. Here we pro- 
vide a n  overview of recent progress. 

Anorexia Nervosa: An Old Enigma 

A N  is ainong the  most disabling and lethal 
of psychiatric disorders. Although it is 
sornetiines attributed to  the widespread 
practice of dieting amolng women in  the  
late twentieth century, the  first case of A N  
was reported 300 years ago and by 1874 the  
syndrome was already well described (1 ) .  
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T h e  essential features of the  illness (Table H I A A ) ,  are low 111 underweight indi.iriduals 
1)  have not  varied since these initial de- with A N  but then rise to above norrnal 

are depressed and many are obsessed with 
thoughts about weight and eating, and en- 

scriptions. A N  is a disorder in  which ado- levels in  individuals who have made long- 
lescents or young adults, mostly females, standing recoveries (4). This finding has led 
become engaged in a relentless and success- to  speculation that  a prernorbid disturbance 
fill pursuit of thinness that results in  serious in serotonergic function might be a risk 
weight loss. A N  is character~zed by promi- factor for the  development of A N .  Low CSF 
nent  behavioral, usvcholoeical and uhvsio- levels of 5-HIAA are associated with im- 

A ,  u A ,  

logical disturbances, including increased pulsive behavior, such as suicide attempts. 
physical activity; depression; obsessional By extrapolation, the  high levels of 
preoccupation with food; reductions in 5-HIAA in  recovered patients could be a 
heart rate, blood pressure, and metabolic correlate of perfectionism and rigidity, char- 
rate: increased cortisol uroduction: and a acteristics seen in  lnan.ir individuals with 
profound decrease in the' production of es- A N  before the  illness develops. 
trogen (or, in males, testosterone) ( 2 ,  3) .  Leptin is a hormone secreted by fat cells 
T h e  changes in estrogen levels are respon- that appears to  play an  important role in 
sible for the  amenorrhea that  is one of the the  reoulation of bod.ir fat stores. Consistent 
defining characteristics of A N  in  women. 

T h e  prominent physiological distur- 
bances of patients with A N  have long led to  
speculation that their profoundly abnormal 
behavior is caused by a primary biological 
abnormality. Disruptions of the gastrointes- 
ti~nal tract, the  pituitary, the  hypothalamus, 
and various neurotransmitters have been 

with thelr reduced Inass of fat tissue, under- 
weight individuals with A N  have low serum 
levels of leptin and these increase with 
weight gain (5). Nonetheless, there are a 
few indications that alterations in leptin 
regulation may play a role in  the  persistence 
of A N .  For example, during recovery, nor- 
malization of leutin levels (CSF and ulas- 

postulated to  be causal factors in the  devel- ma)  appears to  precede normalization of 
ooment of A N .  However, the  observation bodv weioht: this mav contribute to the  

L ,  

t i a t  most of these physiological disturbanc- difficulties patients exierience with attain- 
es resolve with normalization of bodv in. and maintaining normal weights. 

L 

weight argues against their role as etiologi- Such findings, while intriguing, fall well 
cal factors. short of establishing a causal link between " 

Recent studies of serotonin and leptin in  biological aberrations and A N .  Prospective 
A N  patients illustrate the  challenge of de- clinical studies, which would establish 
termining whether the  physiological abnor- whether biological disturbances such as se- 
malities are a cause or a consequence of the  rotonergic abnormalities predate the  devel- 
disorder. T h e  neurotransmitter serotonin is opment of the eating disorder, are very dif- 
involved in physiological systems relevant ficult because of the  low incidence of A N .  
to  A N .  Increases in brain serotonin func- Furthermore. in order to  establish a causal 
tlon lead to reductions in  food intake, and relationship, the  purported etiological fac- 
decreases in  brain serotonin function are tors would need to be ~ n a n i p ~ ~ l a t e d  and 
associated with depression. Cerebrospinal shown to  have a n  effect o n  the  develop- 
fluid ICSF) levels of the rnaior serotonin ment  or course of the  illness. Without  such 
metabblite,' 5-hydroxyindoleacetic acid (5- studies, we must remain cautious in our 

interuretation of the  numerous biolooical 
L 

abnormalities that characterize this illness. 
Table 1. Key diagnostic features of eating Current treatments for A N  are aimed at  
disorders. normalizing body weight, correcting the  ir- 

rational preoccupation with weight loss, 
Anorexia Nervosa and preventing relapse. T h e  specific inter- 

Body weight voluntary mantained at below ventions used to achieve these include 
normal level 

Intense fear of gaining we~ght or becoming 
fat 

Amenorrhea (in females) 
Bulimia Nenlosa 

Large uncontrolled eating binges at least 
twice weekly 

Inappropriate compensatory behavior (e.g.. 
vomit~ng) 

Self-esteem closely Inked to body 
weightkhape 

Binge Eating Disorder 
Large uncontrolled eat~ng b~nges at least 

twice weekly 
No regular use of  napp prop rate 

compensatory behaviors 
Marked dstress about b~nge eating 

" 
admission to a hospital or a day-treatment 
program where a diet providing 2000 to  
4000 calories per day is prescribed, meals 
and exercise are closely supervised, and psy- 
chological counseling is provided. Patients 
are universally reluctant to  gain weight and 
have difficulty cooperat inuwith  thkse in- 
terventions. Despite these challenges, most 
specialized eating disorder units are success- 
ful in restoring body weight, but long-term 
correction of the  psychological disturbances 
is less satisfactory, and relapse is common 
(31. 

Patients with A N  often exhibit symp- 
toms of other psychiatric disorders. Ivlany 

gage in compulsive rituals, suggestive of 
obsessive-compulsive disorder. Yet, despite 
the  clear eff~cacy of medications such as 
fluoxetine (Prozac) in  the  treatment of de- 
presslon and obsess~ve-compulsive disorder, 
these drugs amear  to  be of llttle benefit 

u L A  

duri~ng the  weight-gain phase of treatment 
of A N  (6,  7). However, a recent study 
reported that patients receiving fluoxetine 
after weight restoration in  a hospital had a 
lower rate of relapse during the  succeeding 
year than did patients receiving placebo 
(8). These paradoxical findings have 
prompted speculation that the weight-relat- 
ed physiological disturbances of A N ,  such 
as changes in  brain neurotransmitter levels, 
interfere with the  neurochemical effects of 
medications that are useful for the  treat- 
ment  of similar symptoms in normal-weight 
individuals. 

Manv individuals who develou A N  dur- 
Ing adolescence and young adultcood even- 
tually make full recoveries. However, for a t  
leastJ50% of these patients, the  long-term 
outcome is not  as good. T h e  frequency of 
depression is high, and social and occupa- 
tional functioning is often impaired. Many 
individuals remain irrationally concerned 
about weight gain and never achieve a nor- " - 
rnal body weight. T h e  mortality, due to  
complications of starvation or from suicide, 
is substantial, approximately 5% per decade 
of follow-up (9) .  

In  addition. no t  all of the  ohvsical 
L ,  

problems associated with A N  disappear 
with weight gain. O n e  example is bone 
density. A N  typically develops a t  the  t ime 
of life when bone mass should reach its 
peak, and A N  is associated with dimin- 
ished bone densitv and with the  risk of 
pathological fractures, particularly in  
chronic cases (10) .  T h e  decrease i n  bone 
density is likely due to  multiple factors, 
includine decreased calcium intake, re- " 
duced estrogen secretion, and increased 
levels of cortisol. Weight  recovery and the  
resumption of regular menstruation lead to  
imorovernent, but there are indications 
tha t  bone density may never a t ta in  norrnal 
levels, leaving individuals a t  risk for seri- - 
ous osteoporosis later in  life. Furthermore, 
estrogen replacement therapy, which is 
effective in  preventing osteoporosis in  
post-menopausal women, appears to  be 
largely ineffective in  women with A N  
(1 1 ) .  

Bulimia Nervosa: 
A Recent Addition 

Humans have probably engaged in  occa- 
sional eating binges whenever adequate 
food supplies have been available, and the  

1388 SCIENCE \'OL. 280 29 IvIAY 1998 aww.sclencen 



practice of vomiting after overeating dates 
back thousands of years (12) .  However, 
official recognition of a n  eating disorder 
characterized by excessive food consump- 
t lon ("binge eating") and by inappropriate 
behavior to  avold xelght  galn (such as 
self-induced vomiting) did no t  occur until 
1980 when the  American Psvchiatric As- 

the  development of satiety, disturbances in 
serotonin function rnay contribute to  the  
persistence of the  binge eating. I11 addition, 
ahnormallties in the  functioning of periph- 
era1 satlety mechanisms rnay contribute to 
the  disorder. For example, 111 some patients, 
the  capacity of the  stomach is enlarged and 
the  release of the  satlety hormone cholecys- 
tokinin (CCK)  following a meal is blunted 
(17) .  Disturbances in  these physiological 

Fig. 1. Bulm~a Netvosa (BN) 1s thought to be 
perpetuated by the nteractons of behavoral, bl- 
olog~cal, and psycholog~cal factors The b~ologlcal 
changes assoclated w~th BN Include enlargement 
of gastrc capacty, slowed gastrc emptying, and 
nhblted release of the ntestnal satety hormone 
cholecystok~n~n Depression IS one of the emo- 
tlona changes commonly assoclated w~th BN 
Adapted w~th permlsson from M J Devlln et a1 
Am J Clin Nutr 65 1 14 (1 997) 

sociation provided criteria fo; the  diagno- 
sis of BN (Table 1). There  are clear links 
between A N  and BN. Both disorders occur 
primarily arnong young women, bo th  are 
characterized by a n  exaggerated concern 
about body shape and weight, and about 
one-third of patients who present for 
treatment with BN have oast histories of 

control rnechanisrns may impede the  re- 
sumption of normal eating behavior (Fig. 
1 ) .  

Two useful approaches have been de- 
veloped for the  treatment of BN. T h e  first 
is a short-term 14 to  6 months)  form of 

A N .  However, in  contrast to  individuals 
with A N ,  who are by definition signifi- 
cantly underweight, most individuals x i t h  
BN are of normal bodv lveight. 

psychological treatment called cognitive 
behavioral theravv ( C B T ) .  C B T  focuses 

L ,  . 
o n  the  patients' preoccupation with body 
shape and weight and the  persistent diet- 
ing, as well as o n  t h e  binge eating and 
purging. Patients are directed to  monitor 
the  thoughts, feelings, and circumstances 
surrounding binge-purge episodes, to  
cease dieting and begin regular eating, and 
to  systematically challenge their assump- 
tions linking weight to  self-esteem. C B T  
has been demonstrated to  be helofill, and 

adolescent girls who vlew themselves as , u 

BN was officially recognized as a psychi- 
atric disorder in  Dart because of the  increas- 

- 
being a t  the  "right weight" are nonetheless 
trying to  lose weight, compared to  less 
t h a n  10% of adolescent boys ( 2  1 ) .  This 
disvaritv i n  desired bodv size and t h e  high 

ing number of individuals who were pre- 
senting for treatment. Several studies in the  

u 

early 1980s suggested that the  frequency of 
BN arnong college wornen in the  United 
States might be of epidemic proportions. 
More recent investigations using better 

rate of dieting behavior'arnong women ;re 
frequently invoked to  explain the  dispro- 
portionate occurrence of eating disorders 
arnong females. Sirnilarlv, t he  low inci- 

u u 

inethodology and stricter diagnostic criteria 
concluded that  the  lifetime prevalence 
alnong women is 1 to  3%, and that a com- 
parable percentage of women have less se- 
vere variants of the  disorder (1 3 ,  14) .  Thus, 
BN is Inore common than A N ,  which has a 
lifetime prevalence alnong women of 
-0.5%, but the  physiological disturbances 
are much less severe and there is almost n o  

there is evidence of persistent benefit four 
years after treatment ( 1  8).  

T h e  second approach, the  use of antide- 
pressant medications, such as desipramine 
(Norpramin) and fluoxetine (Prozac), was 
illitially based o n  the  association between 
BN and mood disturbance. Over a dozen 

u 

dence of eating disorders among non-Cau-  
casians has been attributed to  differences 
arnong e thnic  groups In ideal body image; 
for example, black wornen, who do  not  
commonly develop eating disorders, tend 
to  express less dissatisfaction with their 
bodies t h a n  do  white n70men of similar 
weight (22) .  

Familial factors also olav a role in the 
double-bl~nd, placebo-controlled studies 
have demonstrated that  antldeoressants 

associated mortality. 
How does overeating get started, and 

why is it hard t o  stop? Ivlany BN patients 
report tha t  their eating binges began in  
the  context of or immediately following a 
diet, and rnanv continue to  restrict their 

help patients reduce binge frequency; how- 
ever, only a minority of patients achieve full 
remission, and the  limited data available 
suggest that there is a considerable rate of 
relapse once the  medication is discontinued 
16, 19) .  

L ,  

development of eating disorders. T h e  life- 
time risk of A N  or BN among female rela- 
tives of an  individual with an  eating disor- 
der is 2 to  20 times that in the  general 
population (23).  By exainining the  rate of 
concordance of eating disorders in monozv- 

caloric intake when they are n o t  binge 
eating. Psychological factors also seem to  
be critical in  that  patients frequently suf- 
fer from deoression, which has been linked 

Despite these advances, current treat- 
ment  methods for BN have limitations. 

" 

gotic and dizygotic twins, several studies 
have investigated the  relative contributions 

Even In the  best of hands, antidepressant 
medicatlon and C B T  fail for 33% to 50% of 

- 
of shared environ~nent  and shared genes in 
the  familial aggregation of eating disorders 
(1 3 .  24).  Although there is substantial vari- 
abllitv arnong studies, overall the  results 

to  disturbances in  eating behavior. In  ad- 
dition, a variety of nonspecific individual 
and familial rlsk factors for psychiatric 
disorders, such as a history of sexual abuse, 

patients, so new interventions are sorely 
needed. I11 addition, therapists with exper- 
tise in  C B T  may be difficult t o  find outside 
of established centers, and several investi- 

suggest that  a-significant portion of the  risk 
for developing a n  eating disorder is inher- 
ited. Heritable factors may be important in  
explaining the  occurrence of A N  long be- 
fore the  current cultural irnuerative to  lose 

seem to  increase a n  individual's chances of 
developing BN (15) .  

There is good evidence that individuals 
with BN, like those with A N ,  have abnor- 
malities in  serotonergic function (1 6) .  T h e  

gators have begun to  explore the  u t ~ l ~ t y  of 
self-help manuals that are based o n  the  
principles of C B T  (20) .  

weight and in  cultures where thinness is not  
so highly valued (25).  Cultural Imperatives 

method most commonl\ used to assess se- 
rotonin status in BN has been the  admm- Strong circumstantial evidence suggests BED: Another Eating Disorder? 

t ha t  cultural factors play a n  important role 
in  the  development of eating disorders. Although eating disorders have historically 
Reports of A N  and BN emanate predotn- been associated with underweight or nor- 
inantly from the  industrialized world, mal-weight individuals, disturbances among 
where food is plentiful and thinness-par- the  obese have been noted for many years 
titularly for women-is equated with at-  (26).  T h e  degree to  ~ ~ h i c h  they contribute 
tractil-eness. I n  the  Uni ted States, 27% of to the  onset or rnailntenance of obesity, 

 stratio on of an  agent, such as fenfluramine 
or 5-hydroxytryptophan, that  acts through 
the  central serotonergic system to stimulate 
the  release of a hormone, such as orolactin. 
Compared to normal individuals, patients 
with BN show reduced responses to such 
stimuli. Because serotonin is involved in 
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however, 1s unkno\vn. Binge Eating Dlsor- 
der (BED), a svndrorne first described six 

obese biinge eaters can  both  normalize 
their eating and lose weight, and what 
sorts of treatments can best help  them to  
achieve and maintain these goals, are the  
central questions of several ongoing clin- 
ical trlals. 

Hegg, T D. Breweron, Bioi. Psychiatry 28, 443 
(1990): W H. Kaye, H. E. Gwdsman, D. T. George, 
M .  H. Ebert, Arch. Gen. Psychiatry 48, 556 (1 991). 
S. Grnspoon et ai  , J. Chn. Endocrinol, ~Merab. 81, 
3861 (19961: C. Mantzoros. J. S. Filer. M. D. Lesem. 

, ,  , 

years ago ( 2 7 ) ,  is characterized by eating 
hinges, inucln like those seen in  BN, but not  
followed by vorniting or any other means of 
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