
Article

886 Am J Psychiatry 157:6, June 2000

An Empirical Study of the Classification
of Eating Disorders

Cynthia M. Bulik, Ph.D.

Patrick F. Sullivan, M.D., 
F.R.A.N.Z.C.P.

Kenneth S. Kendler, M.D.

EMPIRICAL CLASSIFICATION OF EATING DISORDERS
BULIK, SULLIVAN, AND KENDLER

Objective: The nosology for eating dis-
orders, despite having been extensively
revised over time, may not capture the
natural clustering of eating-related pa-
thology as it occurs in general population
samples.

Method: Detailed information about an-
orectic and bulimic behaviors was as-
sessed through personal interviews of
2,163 Caucasian female twins from a pop-
ulation-based registry. Latent class analy-
sis was applied to nine eating disorder
symptoms to develop an empirically
based typology. Demographic, comorbid-
ity, personality, and co-twin diagnosis
data were used to validate the resultant
classes.

Results: A six-class solution provided the
best fit. One class displayed distorted eat-
ing attitudes without low body weight.
Two classes demonstrated low weight
without the psychological features of eat-
ing disorders. Three classes broadly resem-

bled the DSM-IV classifications of anorexia
nervosa, bulimia nervosa, and binge-eat-
ing disorder. For all classes, and especially
for the three that reflected current diag-
noses of eating disorders, monozygotic
twins resembled one another much more
in terms of class membership than did
dizygotic twins.

Conclusions: The authors found within
a community sample, and through an
empirical method, classes of eating-re-
lated pathology that broadly resembled
the current classifications of anorexia ner-
vosa, bulimia nervosa, and binge-eating
disorder. Additional classes were marked
by either the psychological features of
eating disorders or low body weight. In-
dividuals in the three eating-disorder
classes had similar personality profiles
but displayed differences in symptom ex-
pression and co-twin risk for anorexia ner-
vosa, bulimia nervosa, and obesity.

(Am J Psychiatry 2000; 157:886–895)

The nosology for eating disorders has undergone ex-
tensive revision in a brief period of time. Anorexia nervosa
was the first eating disorder identified (1, 2). Heterogene-
ity became evident as Beumont et al. (3) noted differences
between “dieters” and “vomiters and purgers,” and Russell
(4) identified bulimia nervosa as “an ominous variant of
anorexia nervosa.” Although Russell reported cases of
binging and purging in the absence of a history of anorexia
nervosa, at first he viewed the symptoms of bulimia as
part of the anorexia nervosa syndrome. DSM-III estab-
lished “bulimia” as the second eating disorder and in-
cluded an underspecified category, “atypical eating disor-
der.” With only two eating disorders, this system did not
capture the full range of eating-disordered behavior (5–7).
By DSM-III-R, the category “eating disorder not otherwise
specified” was expanded and given greater specificity. An-
chored by early observations of binge eating (8), and amid
substantial controversy (9–11), binge-eating disorder has
been proposed as the fourth eating disorder.

Despite the increase in diagnostic choices, it is unclear
whether these changes represent an improvement over
earlier diagnostic schemata. There are important limita-
tions to the evolution of nosology. First, the data used to
support diagnostic change came primarily from clinical

samples, which reflect only a subset of affected individu-
als, since relatively few women with eating disorders seek
treatment (12, 13). Furthermore, evidence of referral bias
exists in these samples (14–16). A more comprehensive ty-
pology of eating disorders may emerge from epidemiolog-
ical samples (17, 18). Second, the DSM criteria sets were
derived through expert consensus. This approach has a
number of limitations (19) and has resulted in diagnostic
criteria for eating disorders that remain controversial (20,
21). For example, the criteria for bulimia nervosa require
that an individual binges and purges twice a week for 3
months, despite evidence that individuals who binge once
a week are similar on most relevant dimensions (22–24).

Several fundamental questions remain regarding the
nosology of eating disorders. First, how many eating disor-
ders are there? Second, to what extent are the syndromes
distinct or overlapping? Third, what are the optimal crite-
ria and diagnostic thresholds? Finally, given the fluidity of
the boundaries delineating these syndromes, how can we
best account for the changes in symptomatic presentation
over time?

The goal of this study was to address the first two of these
fundamental questions with data from a large cohort of fe-
male twins from a population-based registry. We attempted
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to determine a naturally occurring empirical typology of
eating disorders through latent class analysis of nine life-
time symptoms of DSM-III-R anorexia nervosa and bulimia
nervosa. We first asked how many naturally occurring
classes can be identified and then examined the eating dis-
order symptoms that characterized those classes. We then
validated the resultant classes empirically by using addi-
tional data not included in the latent class analysis: demo-
graphic information, eating behavior, weight history, co-
morbidity, twin resemblance, and personality and
attitudinal measures.

Method

Sample

Caucasian female twins (N=2,163) were ascertained through
the Virginia Twin Registry, a population-based registry formed
from a systematic review of all birth records in Virginia. Twins
were eligible if they were born between 1934 and 1971 and both
members had previously responded to a mailed questionnaire.
The average age of the twins was 30.1 years (SD=7.6, range=17–55
years). The core sample for the present study is from the first in-
terview wave, during which the lifetime history of anorexia ner-
vosa and bulimia nervosa was assessed. We assessed 92% (N=
2,163) of the eligible individuals, 90% face-to-face and the re-
mainder by telephone. Since one subject had missing data for all
eating disorders questions, the effective total sample was 2,162.
Interviewer characteristics have been described in detail else-
where (25). Interviewers were blind to information about the co-
twin. Written informed consent was obtained before face-to-face
interviews.

Assessment

The data used for this study span three waves of assessment.
Lifetime history of anorexia nervosa, bulimia nervosa, major de-
pression, alcohol dependence, panic disorder, phobias, and gen-
eralized anxiety disorder were assessed during the first interview

wave (1987–1989) with an adapted version of the Structured Clin-
ical Interview for DSM-III-R (26). Demographic and self-report
data were also used from the first interview wave. Additional diag-
nostic information on bulimia nervosa was collected during the
third interview wave (1992–1995) as was information on nicotine
dependence. Diagnostic information on psychoactive substance
abuse and dependence were obtained during the fourth inter-
view wave (1997–1998).

Latent Class Analysis

We used latent class analysis (27, 28) to determine empirically
the typologies of eating and weight symptom profiles. Briefly, la-
tent class analysis attempts to determine the number and com-
position of the unobserved latent classes that give rise to the ob-
served data. The latent class analysis does not utilize twin status.
By means of a FORTRAN program (29), we applied latent class
analysis to the data matrix, which consisted of 1,071 twins who re-
sponded positively to one or both of the eating disorder screening
questions (Table 1). The remaining 1,091 individuals who re-
sponded negatively to both of the eating disorder screening ques-
tions were not included in the latent class analysis and formed a
comparison group.

The procedure for latent class analysis was to fit a one-class so-
lution first, followed by two-, three-, and four-class solutions and
so on until the best solution was obtained. This best solution was
determined by two criteria. First, the difference between the log-
likelihood of the previous and current class approximated a chi-
square distribution; if this difference was greater than the critical
chi-square statistic, then the current class provided a better fit to
the data than the previous class. Second, the NAG subroutine
(E04UCF) (29) used by the latent class analysis program for maxi-
mum likelihood minimization must have reached a valid solution
(i.e., the E04UCF IFAIL parameter returned as zero).

Validation of the Classes

Demographic data, eating- and weight-related variables, co-
morbid psychiatric and psychoactive substance use disorders,
personality and attitudinal measures, and co-twin risk and twin
resemblance were used to validate the resultant classes.

TABLE 1. Anorexia and Bulimia Questions Asked of 2,162 Twins From a Population-Based Registry and Entered Into a La-
tent Class Analysis to Develop an Empirically Based Eating Disorders Typology

Anorexia/Bulimia Question N

Prevalence

Among 
the Total 
Sample 

(%)

Among Those Who 
Answered “Yes”
to  Screening 
Question (%)

Anorexia nervosa
Screening question: Did you ever have a time in your life when you weighed much less than other 

people thought you ought to weigh? (DSM-III-R criterion A ) 776 36
Questions posed to respondents who answered “yes” to screening question

What was your weight at that time? (DSM-III-R criterion A, with anorexia coded as present if reported 
weight was <85% of ideal body weight) 406 19 52

At that time, were you afraid that you could become fat? (DSM-III-R criterion B) 176 8 23
At your lowest weight, how did you think you looked? Did you still feel that you were too fat or that 

part of your body was too fat? (DSM-III-R criterion C) 119 6 15
Before this time, had your periods started? Did they stop? (modification of DSM-III-R criterion D, 

with amenorrhea coded as present if respondent endorsed amenorrhea of any duration) 86 4 11
Bulimia nervosa

Screening question: Have you ever had eating binges during which you ate a lot of food in a short 
period of time? (DSM-III-R criterion A) 495 23

Questions posed to respondents who answered “yes” to screening question
During these binges, did you feel that your eating was out of control? (DSM-III-R criterion B) 291 13 59
Did you do anything to counteract the effects of binges, like making yourself vomit, taking laxatives, 

strict dieting, fasting, or exercising a lot? (DSM-III-R criterion C) 164 8 33
When you were having these binges, were you a lot more concerned about your weight and shape 

than most people your age? (DSM-III-R criterion E) 214 10 43
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Demographic data included years of education, years of educa-
tion of the parents, financial status, and size of the community in
which the individual lived at the time of interview. For the eating-
and weight-related variables, we examined the percentage of
women in each class who met criteria for the narrow and broad
definitions of anorexia nervosa or bulimia nervosa as determined
by computer algorithm. For both disorders, the narrow definition
corresponded to the DSM-III-R criteria.

The broad definition of anorexia nervosa excluded the amen-
orrhea criterion. We excluded this criterion because of potential
problems with accurate recall of duration of amenorrhea and be-
cause amenorrhea can be masked in individuals using birth con-
trol pills. In addition, previous analyses have indicated that there
appears to be a spectrum of anorexia-like behaviors with no clear
qualitative difference between the narrow definition of anorexia
nervosa and broad anorexia-like syndromes (30). The broad defi-
nition of bulimia nervosa excluded the frequency/duration crite-
rion. We excluded this criterion because prior analyses have indi-
cated that it may be inappropriately restrictive (24). The third
eating- and weight-related validator was whether the individual’s
lifetime highest body mass index was greater than 30.0 kg/m2.

Lifetime comorbidity validators included major depression
(31), generalized anxiety disorder (32), panic disorder, any pho-
bia, alcohol dependence (33, 34), nicotine dependence (defined
as a total score ≥7 on the Fagerstrom Tolerance Questionnaire
[35]), and DSM-IV lifetime cannabis, stimulant, or cocaine abuse
or dependence. In addition, given that we have found previously
that the lifetime diagnosis of bulimia nervosa is of low reliability
(36), we included diagnostic information on bulimia nervosa col-
lected 5 years later as a validator.

Personality and attitudinal validators included neuroticism
and extroversion (37), altruism and empathy (38), interpersonal
dependency (39), locus of control (40), mastery (41), dispositional
optimism (42), and the Rosenberg Self-Esteem Scale (43).

Statistical Comparisons

In the validation step, we first compared each of the six classes
identified by best-fitting latent class analysis solution to the com-

parison group, followed by selected comparisons across the six la-
tent-class-analysis-derived classes. For the lifetime diagnoses of
psychiatric disorders, we calculated the odds ratios and 95% con-
fidence intervals (CIs) by means of logistic regression for each
class relative to the comparison group. Continuous variables for
the six classes relative to the comparison group were compared
by means of multiple regression. Given that our sample consisted
of twins, the assumption of independent sampling was violated.
We used generalized estimating equation modeling (44) to adjust
standard errors for nonindependent observations as operational-
ized in the GENMOD procedure of SAS version 6.12 (45).

Results

Latent Class Analysis 

After fitting a single-class model, the addition of further
classes resulted in significant improvements in fit up
through six classes. Neither the seven-class nor the eight-
class solution significantly improved the fit. Individual
participants were assigned to class membership on the
basis of the likelihood of their response profile.

Of the total sample, 1,071 women responded positively
to at least one of the eating disorders screening questions.
Table 2 depicts the frequency of the nine DSM-III-R eating
disorder symptoms for the six classes identified by the
best-fitting latent class analysis solution as well as the eat-
ing- and weight-related validators. On the basis of these
characteristics, we developed the following descriptions
of the six classes.

In class 1 (3.6% of the sample; mean age=29.4 years, SD=
7.4), all of the women reported weighing less than other
people thought they should have weighed. However, none
had actually ever been <85% of their ideal body weight.
Despite this, fear of fatness and body image distortion

TABLE 2. Frequencies of Eating Disorder Symptoms and Clinical Validators for Classes Identified by Best-Fitting Latent Class
Analysis of Data From a Population-Based Twin Registry 

Variable

Class 1: 
Shape/
Weight

Preoccupied
(N=78)

Class 2:
Low Weight 

With
Binging
(N=42)

Class 3:
Low Weight 

Without
Binging
(N=473)

Class 4:
Anorexic
(N=74)

Class 5: 
Bulimic 
(N=99)

Class 6: 
Binge Eating

(N=305)

N % N % N % N % N % N %

Latent class analysis items
Weight less than others think subject should weigh 78 100 42 100 473 100 74 100 40 40 69 23
Weight <85% of ideal body weight 0 0 35 83 268 57 74 100 13 13 16 5
Fear of fatness even when thin 63 81 0 0 0 0 73 99 40 40 0 0
Felt looked fat even when thin 45 58 0 0 4 1 37 50 29 29 4 1
Amenorrhea when thin 6 8 10 24 35 7 21 28 13 13 1 0
Ever had eating binges 18 23 42 100 16 3 15 20 99 100 305 100
Felt out of control while binging 9 12 0 0 12 3 12 16 84 85 174 57
Compensatory behaviors 4 5 9 21 16 3 3 4 99 100 33 11
Excessive concerns with shape and weight 13 17 0 0 16 3 6 8 96 97 83 27

Clinical validators
Lifetime eating disorder diagnoses

Anorexia nervosa
Narrow definitiona 0 0 0 0 0 0 8 11 4 4 0 0
Broad definitionb 0 0 0 0 0 0 36 49 9 9 0 0

Bulimia nervosa
Narrow definitiona 0 0 0 0 6 1 0 0 42 42 0 0
Broad definitionc 1 1 0 0 12 3 0 0 81 82 0 0

Obesityd 3 4 0 0 6 1 1 1 6 6 53 17
a DSM-III-R criteria met.
b Diagnosis excluded amenorrhea criterion.

c Diagnosis excluded frequency/duration criterion.
d Body mass index ≥30.0 kg/m2.
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were frequently endorsed. Secondary amenorrhea was
present in a small percentage. Approximately one-quarter
of these women endorsed binge eating; however, feeling
out of control and excessive concerns with shape and
weight were uncommon, and compensatory behaviors
were relatively rare. A lifetime history of anorexia or bu-
limia, no matter how defined, was extremely rare in mem-
bers of this class. Obesity (defined as having a body mass
index of 30 kg/m2 or more) was also uncommon. On the
basis of these characteristics, this class was referred to as
“shape/weight preoccupied.”

In class 2 (1.9% of the sample; mean age=29.4 years, SD=
6.8), all members reported having weighed less than oth-
ers thought they should have weighed, and most actually
had been <85% of their ideal body weight. None of the
women in this class endorsed the psychological features of
anorexia nervosa, although approximately one-quarter re-
ported amenorrhea when thin. Although all of the women
in class 2 reported having binged, none ever had felt out of
control, and all denied having excessive shape and weight
concerns. Compensatory behaviors occurred in 21% of
this class. None of the women met diagnostic criteria for
any definition of anorexia or bulimia, and no one in this
class was obese. We called this group the “low weight with
binging” class.

In class 3 (21.9% of the sample; mean age=31.6 years,
SD=7.8), all members reported weighing less than others
thought they should have weighed, and slightly over half
had actually weighed <85% of their ideal body weight. The
psychological features of anorexia were mostly absent,
and amenorrhea was uncommon. Episodes of binge eat-
ing and compensatory behaviors were also rare in this
class. Anorexia nervosa did not occur in this class, and
obesity and a lifetime diagnosis of bulimia nervosa, nar-
row or broad definition, were rare. This group was the “low
weight without binging” class.

In class 4 (3.4% of the sample; mean age=28.1 years, SD=
6.1), all of the women said they had weighed less than oth-
ers thought they should have weighed, and all reported
weights that were <85% of their ideal body weight. Fear of
fatness was nearly ubiquitous; one-half felt they looked fat
even when thin, and secondary amenorrhea was present
in over one-quarter of the women. Episodes of binge eat-
ing were reported by one-fifth of the women in this class,
but purging was infrequent. Approximately half of the
women in this class met criteria for the broad definition of
anorexia nervosa, while 11% met the narrow anorexia def-
inition. Lifetime bulimia nervosa was absent in this class,
and obesity was rare. This group was the “anorexic” class.

In class 5 (4.6% of the sample; mean age=28.4 years, SD=
6.8), although many of the women reported having
weighed less than others thought they should weigh, few
reported weights <85% of their ideal body weight. The psy-
chological features of anorexia nervosa were common,
and secondary amenorrhea was reported occasionally.
Binge eating, compensatory behaviors, and excessive con-

cern with shape and weight were nearly universal, and the
majority reported feeling out of control while binging.
Nine percent of women in this class met lifetime criteria
for the broad definition of anorexia nervosa, while a sub-
stantial majority met criteria for the broad definition of
bulimia nervosa. Obesity was reported by 6%. We called
this group the “bulimic” class.

In class 6 (14.1% of the sample; mean age=29.7 years,
SD=7.6), nearly one-quarter of the women reported hav-
ing weighed less than others thought they should have
weighed, but very few had actually been <85% of their
ideal body weight. The psychological features of anorexia
nervosa and amenorrhea were rarely endorsed. In con-
trast, all of these women reported episodes of binge eat-
ing, with over one-half reporting having felt out of control.
Purging was rarely endorsed, and excessive concerns with
shape and weight were also uncommon. None of the
women in this class met criteria for either definition of an-
orexia or bulimia. Obesity was markedly more common in
this class than in any other. We called this group the
“binge-eating” class.

Classes 4, 5, and 6 were referred to as “eating disorder
classes,” since they represented more severe clusters of
disordered eating.

Validators

Demographic. There were no significant differences
across the six classes and the comparison group on educa-
tion, parental education, financial status, or size of com-
munity in which the individual lived.

Lifetime prevalence of other psychiatric and psycho-
active substance use disorders. Comorbidity data used
to validate the classes are presented in Table 3. The odds
ratios for a bulimia diagnosis at the wave 3 assessment
were higher for the shape/weight preoccupied, low weight
with binging, binge-eating, and especially for the bulimic
class. Members of all six classes were significantly more
likely to have comorbid major depression, phobias, and
alcohol dependence. The odds ratios for comorbid gener-
alized anxiety disorder and nicotine dependence were sig-
nificantly higher for all but the bulimic class. Panic disor-
der and stimulant abuse or dependence were significantly
more likely for all subjects except those in the shape/
weight preoccupied and bulimic classes. The odds ratios
for cannabis abuse or dependence were significantly
higher in the low weight with and without binging classes,
whereas only the bulimic class had a higher odds ratio for
lifetime cocaine abuse or dependence. These results re-
flect robust differences across the six classes relative to the
comparison group, since the probability of obtaining 43
significant results out of 60 comparisons at the p<0.05
level is <0.0007 (46).

Personality and attitudes. The eating disorder classes
(classes 4, 5, and 6) exhibited the most deviant scores on
the personality and attitudinal measures (Table 4). In con-
trast to the comparison group, individuals in these classes
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exhibited higher dependency and lower mastery, opti-
mism, and self-esteem. In addition, all of the classes de-
rived from the latent class analysis (except class 2) had
elevated levels of neuroticism. Excluding the comparison
group and examining post hoc comparisons across the
six classes, the bulimic and binge-eating classes scored
higher on dependency and neuroticism and lower on mas-
tery and self-esteem than the low weight without binging
class. In addition, women in the anorexic class scored sig-
nificantly lower on self-esteem and higher on neuroticism
than the low weight without binging class. These results are
also robust, since the probability of obtaining 18 signifi-
cant results out of 48 comparisons at the p<0.05 level is
<0.0001 (46). After isolating the three eating disorder
groups (classes 4, 5, and 6), we found no significant differ-
ences for any personality measures (data not shown).

Lifetime history of eating disorders and obesity in
co-twins. Table 5 presents the lifetime risk of bulimia
nervosa, anorexia nervosa, and obesity for the co-twin of

twins in each class, compared to the co-twins of the twins
in the comparison group. Co-twins of twins in the bulimic
and binge-eating classes were at significantly greater risk
for lifetime history of bulimia nervosa. Co-twins of twins
in the shape/weight preoccupied, low weight without
binging, and anorexic classes were at significantly greater
risk for lifetime anorexia nervosa. Only co-twins of twins
in the binge-eating class were at significantly greater risk
for obesity; having a co-twin in the low weight without
binging class was protective against obesity.

Monozygotic-dizygotic concordance. The monozygotic
twins showed greater concordance for class membership
across the seven classes (the six classes derived from the
latent class analysis and the comparison group) (χ2=112.0,
df=36, p<0.0001; contingency coefficient=0.40) than did
the dizygotic twins (χ2=59.8, df=36, p<0.008; contingency
coefficient=0.34). In addition, there were 103 monozygotic
and 74 dizygotic twins for whom both members of the
twin pair were in classes 4, 5, or 6 (the eating disorder

TABLE 3. Lifetime Psychiatric and Substance Use Disorders Among 2,162 Twins With or Without Eating-Related Pathology
From a Population-Based Registry

Class 1:
Shape/Weight Preoccupied (N=78)

Class 2:
Low Weight With Binging (N=42)

Class 3:
Low Weight Without Binging (N=473)

Lifetime 
Diagnosis %

Odds
Ratio 95% CI

χ2

(df=1) p %
Odds 
Ratio 95% CI

χ2

(df=1) p %
Odds 
Ratio 95% CI

χ2

(df=1) p

Bulimia nervosa, 
broad 
definitiona 10 3.0 1.3–7.1 6.8 0.009 10 3.1 1.0–9.1 4.4 0.04 5 1.3 0.7–2.3 0.8 n.s.

Major depression 39 2.3 1.4–3.7 11.6 0.0007 67 7.2 3.7–13.8 34.8 <0.0001 42 2.7 2.1–3.4 70.6 <0.0001
Generalized 

anxiety 
disorder 35 2.9 1.5–5.8 10.2 0.002 48 2.8 1.2–6.6 5.8 0.02 28 2.7 1.9–3.9 29.1 <0.0001

Panic disorder 8 1.9 0.7–5.1 1.7 n.s. 12 3.1 1.2–8.5 4.8 0.03 6 1.6 1.0–2.6 4.0 0.05
Phobia 44 2.7 1.7–4.4 16.8 <0.0001 50 3.4 1.8–6.4 13.7 0.0002 31 1.6 1.2–2.0 13.0 0.003
Substance abuse/

dependence
Alcohol 13 6.0 2.9–12.7 22.1 <0.0001 17 7.2 2.9–18.0 17.6 <0.0001 6 2.2 1.3–3.8 9.0 0.003
Nicotine 16 2.9 1.5–5.8 9.6 0.002 18 2.8 1.2–6.6 5.8 0.02 16 2.7 1.9–3.9 29.1 <0.0001
Cannabisb 7 1.0 0.4–2.4 0.0 n.s. 21 3.6 1.5–8.9 7.8 0.005 11 1.8 1.2–2.8 8.4 0.004
Stimulantsb 3 2.1 0.4–12.2 0.6 n.s. 15 11.0 3.6–33.1 17.6 <0.0001 5 3.8 1.8–7.9 12.3 0.0004
Cocaineb 5 2.1 0.7–6.0 1.7 n.s. 12 3.7 0.2–16.5 2.9 n.s. 5 1.8 1.0–3.5 3.6 n.s.

a From the wave 3 assessment (5 years after initial diagnosis). Diagnosis excluded the frequency/duration criterion. Total N=1,897.
b N=1,705.

TABLE 4. Personality and Attitudinal Measures Among 2,162 Twins With or Without Eating Disorders Pathology From a
Population-Based Registry

Personality/
Attitudinal 
Measure

Class 1: Shape/Weight
Preoccupied (N=78)

Class 2: Low Weight With Binging 
(N=42)

Class 3: Low Weight Without
Binging (N=473)

Score Analysis (df=1) Score Analysis (df=1) Score Analysis (df=1)

Mean SD χ2 p Mean SD χ2 p Mean SD χ2 p

Altruism –0.06 1.00 0.5 n.s. –0.07 0.92 0.4 n.s. 0.03 1.01 0.4 n.s.
Dependencya 0.33 1.03 10.2 0.001 0.09 0.98 1.2 n.s. –0.03 1.05 2.0 n.s.
Locus of control 0.04 0.85 0.0 n.s. –0.13 0.75 1.0 n.s. 0.02 0.99 0.0 n.s.
Masterya –0.13 1.01 3.2 n.s. –1.14 1.11 2.3 n.s. 0.01 1.02 2.0 n.s.
Optimism –0.13 1.00 3.6 n.s. –0.14 0.82 1.7 n.s. 0.00 1.02 1.2 n.s.
Self-esteemb –0.13 0.93 2.9 n.s. –0.08 0.91 2.6 n.s. 0.05 1.02 2.9 n.s.
Extroversion 0.03 1.05 0.0 n.s. 0.12 0.96 0.5 n.s. –0.03 1.04 0.0 n.s.
Neuroticismb 0.21 1.04 7.8 0.005 0.10 1.02 2.3 n.s. 0.04 1.03 13.0 0.0003
a Post hoc comparisons across the six derived classes showed that subjects in class 3 significantly differed from subjects in classes 5 and 6 on

this measure.
b Post hoc comparisons across the six derived classes showed that subjects in class 3 significantly differed from subjects in classes 4, 5, and 6

on this measure.
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classes). The monozygotic twins demonstrated substan-
tially greater concordance for class membership (χ2=56.9,
df=4, p<0.0001; contingency coefficient=0.60) than did the
dizygotic twins (χ2=9.1, df=4, p=0.06; contingency coeffi-
cient=0.33).

Severity of and reasons for low weight.  In addition
to the anorexic class, there were two classes marked by pe-
riods of significantly low body weight. When controlling
for age, the mean lifetime lowest body mass index re-
ported across the three classes differed significantly.
Women in the anorexic and low weight with binging
classes reported lower lifetime minimum body mass in-
dexes (mean=16.6 kg/m2 [SD=1.1] and 16.5 kg/m2 [SD=
2.0], respectively) than women in the low weight without
binging class (mean=17.4 kg/m2, SD=2.0) (F=8.5, df=2,
544, p=0.0002).

We then reviewed the original interview forms in which
the “reason for low weight” had been recorded for all
women in class 2 and 50% of those in class 3. The reasons

endorsed for low weight included constitutional thinness;
weight loss secondary to depression, interpersonal loss, or
anxiety; weight loss secondary to medical illness or proce-
dures; and an array of infrequently endorsed reasons.
There were significantly more women in class 2 than in
class 3 who reported weight loss secondary to depression,
anxiety, or interpersonal loss (22% versus 14%) (χ2=4.22,
df=1, p<0.04). Given that the odds ratios for nicotine de-
pendence were similarly higher in all but the bulimic class,
it does not seem that low weight in this group would be
fully accounted for by an excess of individuals who were
dependent on nicotine.

Discussion

The latent class analysis of nine items reflecting DSM-
III-R criteria for anorexia nervosa and bulimia nervosa
provided an interpretable six-class solution that clarifies
the natural clustering of eating disorder symptoms in the
community. The first three classes did not appear to reflect

Class 4:
Anorexic (N=74)

Class 5:
Bulimic (N=99)

Class 6:
Binge Eating (N=305)

No Eating-
Related

Pathology
(N=1,091) (%)%

Odds
Ratio 95% CI

χ2

(df=1) p %
Odds
Ratio 95% CI

χ2

(df=1) p %
Odds
Ratio 95% CI

χ2

(df=1) p

8 2.2 0.8–5.7 2.3 n.s. 42 19.5 11.3–33.7 106.1 <0.0001 11 3.2 1.9–5.3 17.6 <0.0001 4
51 3.8 2.3–6.0 30.3 <0.0001 44 3.0 1.9–4.5 25.0 <0.0001 37 2.2 1.7–2.9 31.4 <0.0001 21

35 2.6 1.2–5.3 6.3 0.01 34 1.4 0.6–3.2 0.5 n.s. 32 2.2 1.5–3.3 14.4 0.0001 16
14 3.9 1.8–8.4 11.6 0.0006 8 2.1 0.9–5.0 2.6 n.s. 9 2.5 1.5–5.0 12.3 0.0005 4
54 4.1 2.5–6.6 32.5 <0.0001 49 3.2 2.1–5.0 28.1 <0.0001 41 2.4 1.8–3.2 39.7 <0.0001 22

18 7.8 3.9–15.7 33.6 <0.0001 12 5.2 2.5–10.7 20.3 <0.0001 8 3.4 1.9–6.0 17.6 <0.0001 2
15 2.6 1.2–5.3 6.3 0.01 9 1.4 0.6–3.2 0.0 n.s. 13 2.2 1.5–3.3 14.4 0.0001 6
13 2.0 0.8–4.9 2.3 n.s. 12 1.9 0.9–4.1 2.9 n.s. 8 1.3 0.8–2.3 1.7 n.s. 6
15 11.4 4.4–29.5 25.0 <0.0001 5 3.4 0.9–12.7 3.2 n.s. 5 3.3 1.5–7.4 8.4 0.004 1

0 3.2 1.0–11.2 3.6 n.s. 8 3.0 1.3–7.3 6.3 0.01 3 1.1 0.5–2.6 3.6 n.s. 3

Class 4: Anorexic (N=74) Class 5: Bulimic (N=99) Class 6: Binge Eating (N=305)
Score for Twins With 
No Eating-Related

Pathology (N=1,091)Score Analysis (df=1) Score Analysis (df=1) Score Analysis (df=1)

Mean SD χ2 p Mean SD χ2 p Mean SD χ2 p Mean SD

–0.12 1.00 1.2 n.s. –0.18 1.09 1.2 n.s. 0.08 1.04 1.7 n.s. –0.00 0.97
0.40 0.97 10.9 0.001 0.18 0.94 5.8 0.02 0.14 0.98 10.2 0.001 –0.09 0.97

–0.08 1.02 0.5 n.s. 0.04 0.91 0.2 n.s. –0.08 1.09 2.0 n.s. 0.02 1.00
–0.21 0.91 6.3 0.01 –0.30 1.05 13.0 0.0003 –0.17 0.93 16.0 0.0001 0.10 1.00
–0.22 0.95 10.9 0.0009 –0.22 1.10 12.3 0.0004 –0.15 1.00 20.3 <0.0001 0.09 0.98
–0.32 0.94 4.8 0.03 –0.33 1.07 5.3 0.02 –0.22 1.03 10.2 0.001 0.10 0.97
–0.15 1.02 2.6 n.s. 0.09 0.98 0.6 n.s. 0.04 0.97 0.5 n.s. –0.00 0.99
0.43 0.94 23.0 <0.0001 0.36 1.08 14.4 0.0001 0.25 1.01 36.0 <0.0001 –0.16 0.94
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clinical eating disorders. Two of these classes included in-
dividuals with low weight without the psychological fea-
tures of anorexia nervosa, and one was marked by the
presence of shape and weight preoccupations in the ab-
sence of low weight. The three remaining classes broadly
reflected current conceptualizations of anorexia nervosa,
bulimia nervosa, and binge-eating disorder. These three-
eating disorder classes displayed similar personality pro-
files, yet there were clear differences in symptom expres-
sion and co-twin risk for eating disorders and obesity.

Characteristics of the Eating Disorder Classes

We examined the characteristics of each of the three eat-
ing disorder classes and found substantial similarities
with the DSM-IV diagnostic schemata as well as notable
differences. By comparing the clinical characteristics of
the classes that emerged from the latent class analysis
with the DSM-IV diagnostic criteria, we could address the
extent to which the DSM criteria reflect the natural clus-
tering of symptoms in the population. However, the na-
ture of our data do not enable commentary on the diag-
nostic thresholds for the determination of caseness.

Anorexia. We found convergence between the anorexic
class derived from the latent class analysis and the DSM
criteria for the symptoms of weight loss and fear of fat-
ness, as those items were nearly ubiquitously reported. In
this population-based sample, however, the symptoms of
feeling fat even when thin and amenorrhea were less uni-
versally endorsed. That only half of the women endorsed
body image distortion squares with clinical observations
of individuals who present with clear anorexic syndromes
but whose body image disturbance fluctuates. Thus, the
broadening of this criterion in DSM-IV to include undue
influence of shape and weight on self-evaluation or denial
of seriousness of the illness may have been warranted.

It is of interest to note that amenorrhea was not a unify-
ing criterion for any one class. The symptom was equally
present in the anorexic class and in the low weight with
binging (but without the psychological features of anor-
exia nervosa) class. Moreover, a number of women in the
anorexic class did not report amenorrhea at the time of
low weight, despite the presence of the full array of other
anorexia nervosa symptoms. Whether amenorrhea should
be included as a defining criterion for anorexia nervosa re-
quires further study. Our data cannot answer that ques-
tion but can confirm the natural clustering of individuals

with clinical features of anorexia nervosa with and without
amenorrhea.

Bulimia. We compared the symptom profiles of the bu-
limic class with the DSM-IV criteria for bulimia nervosa
and found reasonable convergence for three of the four
criteria explored. Nearly all of the women in this class en-
dorsed binge eating, compensatory behaviors, and exces-
sive shape and weight concerns. This class reported signif-
icantly more purging than the other classes, and the most
frequent methods were strict dieting and exercise followed
by fasting, vomiting, and laxatives. A lifetime history of an-
orexia nervosa (broad definition) was reported in 9% of
the women in this class, which is consistent with the ob-
servations of clinical samples (47–49).

The “out of control” criterion was less defining of the
bulimic class. This criterion was new to DSM-III-R and
was carried over to DSM-IV. The DSM-III criterion was
that the individual had to be aware that the eating behav-
ior was abnormal and have a fear of not being able to stop
eating voluntarily. Studies on the nature of a binge have
suggested that episodes in which an individual eats an ab-
normally large amount of food but does not feel out of
control are best conceptualized as overeating episodes
(50). Our data suggest that further validation of this crite-
rion is warranted.

Binge-eating disorder. The fate of binge-eating disor-
der as a diagnostic category is undecided. Our data reflect
a relatively large class of individuals, distinct from women
with bulimia nervosa, whose primary behavioral manifes-
tation is binge eating without compensatory behaviors. In
this class, all members endorsed binge eating. However,
only about half reported feeling out of control—which
supports our recommendation for further inquiry into the
relationship between the behavioral symptom of binge
eating and the cognitive feature of feeling out of control.
These women differed from those in the bulimic class, not
only in terms of the relative absence of compensatory be-
haviors but also in terms of their greater propensity to-
ward obesity—which is consistent with observed associa-
tions between binge-eating disorder and obesity (51–57).

Characteristics of the Other Classes 
of Eating-Related Pathology

The three additional classes reveal interesting variations
on the eating and weight disorders continuum and may
shed light on the poorly understood category of eating dis-

TABLE 5. Lifetime Risk of Bulimia Nervosa, Anorexia Nervosa, and Obesity in Co-Twins of 1,071 Twins With Eating-Related
Pathology Relative to Co-Twins of 1,091 Twins Without Eating-Related Pathology

Lifetime Disorder

Class 1:
Shape/Weight Preoccupied

Class 2:
Low Weight With Binging

Class 3:
Low Weight Without Binging

Odds
Ratio 95% CI

χ2

(df=1) p
Odds 
Ratio 95% CI

χ2

(df=1) p
Odds 
Ratio 95% CI

χ2

(df=1) p

Bulimia nervosa, broad definitiona 1.9 0.7–5.6 1.4 n.s. 1.8 0.4–7.7 0.6 n.s. 1.2 0.6–2.2 0.3 n.s.
Anorexia nervosa, broad definitionb 6.3 1.9–21.0 9.0 0.003 1.1 0.4–23.0 0.9 n.s. 3.6 1.5–8.1 8.8 0.003
Obesityc 0.9 0.4–2.3 0.0 n.s. 0.0 0.4 0.2–0.7 10.7 0.001
a Diagnosis excluded the frequency/duration criterion. b Diagnosis excluded the amenorrhea criterion. c Body mass index ≥30.0.
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order not otherwise specified. The shape/weight preoccu-
pied class displayed the psychological features of anorexia
nervosa in the absence of significant weight loss. This
class may reflect a subclinical group of women who are
preoccupied with their shape and weight but who have
not engaged in the behaviors associated with clinically
significant disordered eating. They may be at higher risk
for the development of frank eating disorders—a hypothe-
sis supported by the observation that they were at greater
risk for bulimia nervosa 5 years later.

Classes 2 and 3, in contrast, displayed low weight and,
for class 2, a comparable rate of amenorrhea to that of the
anorexic class but without evidence of the psychological
features of anorexia nervosa. The two classes differed in
their reasons for low weight, with class 2 displaying more
anorexia of depression. Indeed, summing across all rele-
vant validators, class 2 carried a greater burden of comor-
bidity than class 3, with higher rates of major depression,
alcohol dependence, and stimulant abuse.

Validators: Comorbidity

Comorbidity profiles indicated that all six classes had
greater comorbidity than the comparison group. Of par-
ticular note are the markedly elevated odds ratios for ma-
jor depression and alcohol dependence in class 2, which
reflects the larger proportion of women in this class who
reported low weight secondary to depression or interper-
sonal loss. Also noteworthy are the very high odds ratios
for stimulant abuse in the low weight with binging and an-
orexic classes, although we could not determine whether
stimulants were taken primarily for weight loss. Of the
three eating disorder classes, the bulimic class reported
lower comorbidity, which is at odds with clinical observa-
tions (58–60) but consistent with findings of lesser comor-
bidity in community than clinical samples (14). This class
did, however, show stability across time, with the odds ra-
tios for both broadly and narrowly defined bulimia ner-
vosa at the third interview wave being significantly ele-
vated.

Validators: Psychological Measures

The fact that the anorexia, bulimia, and binge-eating
classes represent more severe conditions was reflected in
the self-report validators. The differences between the eat-
ing disorder classes and the other classes, including the
comparison group, arose in self-esteem, mastery, depen-

dency, and neuroticism. The fact that the three eating dis-
order classes did not differ significantly from each other
on any personality or attitudinal measure raises the hy-
pothesis that a particular constellation of personality fea-
tures may predispose an individual to an eating disorder
and that other factors—perhaps genetic susceptibility to
obesity or binge eating or possibly environmental fac-
tors—may influence the type of eating disturbance that
emerges. Alternatively, having an eating disorder, regard-
less of its nature, could lead to changes in personality and
attitudinal features such as a sense of low mastery and
self-esteem.

Twin Class Membership and Twin Risk 
for Anorexia Nervosa, Bulimia Nervosa, 
and Obesity

Monozygotic twins showed a more significant concor-
dance for class membership than did dizygotic twins, par-
ticularly for classes 4, 5, and 6. This suggests that the fac-
tors that influence the type of eating disorder symptoms
are at least partially genetically determined. We were also
able to examine the extent to which the odds ratio of a co-
twin having anorexia nervosa, bulimia nervosa, and obe-
sity was higher given the class membership of the index
twin. We found some specificity of risk: co-twins of twins
in the shape and weight preoccupied, low weight without
binging, and anorexic classes were at greater risk for anor-
exia nervosa; co-twins of twins in the bulimic and binge-
eating classes were at greater risk for bulimia nervosa; and
co-twins of twins in the binge-eating class were at greater
risk for obesity. Thus, there may be some specificity in the
transmissibility of disordered eating subtypes.

Limitations

When considering these results, several methodological
limitations must be considered. First, as in factor analysis,
the resultant classes are contingent on the variables put
into the latent class analysis. Different eating disorders
symptoms might have yielded a different solution.

Second, the interview did not allow individuals who had
not endorsed binge eating to be questioned about com-
pensatory behaviors. Thus, we could not identify individ-
uals who purged in the absence of binging. However, in a
prior latent class analysis of bulimic behaviors conducted
on a different interview in which purging was assessed in-
dependent of binging, no such class emerged (24). Thus,

Class 4: Anorexic Class 5: Bulimic Class 6: Binge Eating (N=305)

Odds
Ratio 95% CI

χ2

(df=1) p
Odds
Ratio 95% CI

χ2

(df=1) p
Odds
Ratio 95% CI

χ2

(df=1) p

0.5 0.1–3.7 0.5 n.s. 9.0 4.9–16.6 49.0 0.0001 2.6 1.4–4.6 9.9 0.002
10.7 3.7–30.9 19.0 0.0001 3.6 1.0–13.7 3.6 n.s. 2.4 0.9–6.7 2.7 n.s.
0.6 0.2–1.8 2.2 n.s. 1.5 0.7–2.9 0.0 n.s. 2.1 1.4–3.1 8.2 0.004
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although clinicians may encounter this presentation in
clinical settings, these individuals are relatively rare and
do not appear to comprise a discrete class in community
samples.

Third, latent class analysis class membership is based
on maximum likelihood estimation and does not prove
membership in a particular class, nor can it prove the ex-
istence of these six classes.

Finally, the purpose of this study was to develop an em-
pirically based typology. Such an approach is valuable in
understanding naturally occurring clusters of behavior;
however, the latent class analysis as presented here was
not designed to test various thresholds in the determina-
tion of caseness.

Conclusions

These findings support the existence of three general
classes of disordered eating behavior. These classes
broadly resemble current classifications of anorexia ner-
vosa, bulimia nervosa, and binge-eating disorder. Three
additional atypical classes were also identified that may to
some extent represent individuals at risk for the subse-
quent development of clinical eating disorders. The data
also support the continued evaluation of diagnostic crite-
ria such as amenorrhea and body image distortion for an-
orexia nervosa and a sense of loss of control during bing-
ing for both bulimia nervosa and binge-eating disorder. As
only a small proportion of women with eating disorders
ever seek treatment (12, 13), clinical samples only allow us
to investigate a very select portion of the population of af-
flicted individuals. Community studies such as this are
therefore preferred when addressing etiological factors or
typology, and they allow us to view the disorders as they
occur naturally in the population.
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