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ABSTRACT

Objective: To describe menstrual dis-

turbance in eating disorders (ED).

Method: We describe menstrual history

in 1,705 women and compare eating,

weight, and psychopathological traits

across menstrual groups.

Results: Menstrual dysfunction occurred

across all eating disorder subtypes. Indi-

viduals with normal menstrual history

and primary amenorrhea reported the

highest and lowest lifetime body mass

index (BMI), respectively. Normal men-

struation and oligomenorrhea groups

reported greater binge eating, vomiting,

and appetite suppressant use. Amenor-

rhea was associated with lower caloric

intake and higher exercise. Harm avoid-

ance, novelty seeking, perfectionism, and

obsessionality discriminated among

menstrual status groups. No differences

in comorbid Axis I and II disorders were

observed.

Conclusion: Menstrual dysfunction is

not limited to any eating disorder sub-

type. BMI, caloric intake, and exercise

were strongly associated with menstrual

function. Menstrual status is not associ-

ated with comorbidity. Menstrual irregu-

larity is an associated feature of all ED

rather than being restricted to AN only.
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Introduction

We are challenged to improve our understanding of
the complex interaction of biological and environ-
mental factors that influence anorexia nervosa
(AN), bulimia nervosa (BN), and eating disorders
not otherwise specified (EDNOS). These disorders
often follow a protracted course and display con-
siderable comorbidity with other psychiatric disor-
ders.1–5

Physiological and endocrine abnormalities, in-
cluding primary or secondary amenorrhea and
menstrual dysfunction, are commonly associated
with eating pathophysiology and are, for the most
part, a function of the severity of weight loss, mal-
nutrition and/or abnormal eating habits.

Amenorrhea occurs in AN and is thought to be a
consequence of malnutrition-induced impairments
in gonadotropin, particularly luteininzing hormone
(LH) secretory patterns.6 Amenorrhea can occur in
normal weight women with low percentage of body
fat,7 can occur prior to significant weight loss, and
can persist after weight restoration in women with
AN.8–13 Conversely, menses can resume in some
despite low body weight.14–16

Although body weight is kept within a normal
range in BN, amenorrhea has been reported in 7–
40% of patients.5,17–20 Irregular cycles (oligomenor-
rhea) are even more frequent, occurring in 37–64%
of women with BN.18,21–24 Studies exploring bio-
chemical measures have shown that menstrual
abnormalities in BN are associated with reduced
LH concentrations and reduced LH pulse fre-
quency,25,26 and low levels of estradiol27 and nor-
adrenalin.28 The prevalence of polycystic ovaries in
women with BN is high (76–100%),24,29 and in these
individuals, oligomenorrhea is thought to be
related to an insulin-induced elevation in circulat-
ing androgen concentrations,30 possibly a conse-
quence of large fluctuations in food due to restric-
tive diets and binge eating behavior.24 Clinical vari-
ables that have been associated with menstrual
disturbance in normal weight BN include a high
frequency of vomiting, low thyroxine concentra-
tions, and low dietary fat intake,31 a history of AN,
and a past weight loss reaching less than 92% of
the ideal body weight.32

Several studies have examined other factors asso-
ciated with the presence or absence of amenorrhea
in women with eating disorders (ED). These studies
focused on samples comprising individuals with
broader definitions of AN and included women
meeting all the diagnostic criteria of AN except
amenorrhea (partial syndrome AN).3,14,15,33–36

Women with amenorrhea had a significantly lower

body mass index (BMI) than those without amen-
orrhea.33,36 In contrast, Garfinkel et al.3 observed
that the degree of weight loss was similar in women
with and without amenorrhea. There were no nota-
ble differences between those with and without
amenorrhea on eating disorder symptomatology,
personality, psychiatric comorbidity, or family his-
tory. The extent to which the presence of menstrual
dysfunction is related to psychological features,
personality traits, and other psychiatric comorbid-
ity remains to be clarified.

Since eating disorder symptoms are similar in
women with AN with and without amenorrhea, it is
important to evaluate the validity of amenorrhea as
a diagnostic criterion. Amenorrhea occurs in women
with normal-weight BN, in other psychiatric
patients, and in female athletes.35 Obviously, the cri-
terion does not apply to males [although the Inter-
national Classification of Diseases—Version 1037

provides an alternative—loss of sexual interest and
potency]. Surprisingly, the role of menstrual irregu-
larity as diagnostically relevant for BN or EDNOS
has not been debated, despite the prevalence of the
symptom.5,17–19,21,22,24,27,38

Using population-based data from the Mid-
Atlantic Twin Registry, Bulik et al.14 applying latent
class analysis, reported that individuals with the
psychological features of AN with and without
amenorrhea clustered naturally together. These
results concur with prior analyses of the same
twin registry15 identifying a group of females with
low weight and the psychological symptoms of
ED, only one quarter of whom reported amenor-
rhea. In addition, we have recently reported that
age at menarche shows characteristics of heritable
quantitative traits such as normal distribution and
familial correlation in individuals with ED and
reported a suggestive linkage signal in a BN cohort
at 10q13 for this trait.39 These findings underscore
the value of understanding the neurobiology of
menstrual function in ED with reference to genetic
studies.

The purpose of this study was to describe pat-
terns of menstrual disturbance in a large sample of
women with ED. Although the ED diagnosis an
individual receives is, in part, related to menstrual
status, whether significant within and between
diagnostic subtype variation in menstrual function
exists is worthy of exploration. Our aims were: (1)
to examine the differences in menstrual status
across eating disorder subtypes, and (2) to deter-
mine the association between clinical and nutri-
tional variables, psychological, and personality fea-
tures, Axis I and II comorbidity with menstrual dys-
function in women with AN, BN, and EDNOS.
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Finally, we wished to discuss the implications of
amenorrhea/menstrual dysfunction as a diagnostic
criterion for ED.

Method

Participants

Participants were from the three multisite interna-

tional Price Foundation Genetic Studies of Eating Disor-

ders: AN Affected Relative Pair Study, BN Affected Rela-

tive Pair Study, and AN Trios. These studies were

designed to identify susceptibility loci involved in risk for

ED. Informed consent was obtained from all study partic-

ipants, and all sites received approval from their local

Institutional Review Board. Brief descriptions of each

study are provided below.

AN Affected Relative Pair Study. The sample for this

study included both probands and affected relatives. Pro-

bands met the following criteria: (1) a lifetime diagnosis

of AN by DSM IV1 criteria, waiving the single criterion of

amenorrhea for 3 consecutive months; (2) low weight

that is/was less than 5th percentile of BMI for age and

gender according to the Hebebrand et al.40 chart of

NHANES epidemiological sample; (3) age between 13

and 65 years; (4) onset prior to age 25; and (5) fulfillment

of the criteria of AN not less than 3 years prior to ascer-

tainment. Affected relatives were biological family mem-

bers who: (1) were between the ages of 13 and 65 years

and (2) had lifetime eating disorder diagnoses of modi-

fied DSM-IV AN (i.e., criterion D not required), lifetime

eating disorder diagnoses of DSM-IV BN, purging type or

nonpurging type, or EDNOS [eating disorder not other-

wise specified—subthreshold AN, subthreshold BN, or

subthreshold mixed (relatives who were normal weight

but reported either purging behavior or excessive exer-

cise or periods of fasting due to extreme fear of weight

gain or undue influence of body weight on self-esteem)].

For the complete list of inclusion and exclusion criteria

for probands and relatives, see Kaye et al.41

BN Affected Relative Pair Study. The sample for this

study included both probands and affected relatives. Pro-

bands met the following criteria: (1) DSM-IV1 diagnosis

of BN, purging type, with the additional requirement of

at least a 6 month period of binge eating and vomiting at

least twice a week and (2) age between 13 and 65 years.

Affected relatives were biological family members who:

(1) were between the ages of 13 and 65 years and (2) had

lifetime eating disorder diagnoses of DSM-IV BN, purging

type or nonpurging type, modified DSM-IV AN (i.e., crite-

rion D not required), or EDNOS (subthreshold AN, sub-

threshold BN, or subthreshold mixed). For the complete

list of inclusion and exclusion criteria for probands and

relatives, see Kaye et al.42

AN Trios Study. The sample for this study included

individuals with AN and their parents. Probands were

required to meet the following criteria: (1) modified

DSM-IV1 lifetime diagnosis of AN, with or without amen-

orrhea; (2) low weight that is/was less than 5th percentile

of BMIs for age and gender according to the Hebebrand

et al.40 chart of NHANES epidemiological sample; (3)

onset prior to age 25; (4) weight that is/was controlled

through restricting and/or purging, which includes vom-

iting, use of laxatives, diuretics, enemas, suppositories, or

ipecac, and also, although not considered a purging

behavior, excessive exercise; (5) age between 13 and 65

years; and (6) study diagnostic criteria were met at least 3

years prior to entry into the study. Potential participants

were excluded if they reported maximum BMI since pu-

berty >27 kg/m2 for females and >27.8 kg/m2 for males.

Measures

Clinical Variables. Data relative to minimum and maxi-

mum lifetime BMI and number of calories/day when

participants were restricting the most were obtained

from the Structured Interview for Anorexia Nervosa and

Bulimic Syndromes (SIAB), a widely used clinical inter-

view for ED.43–47 For the number of calories/day, partici-

pants were asked both the following questions: Did you

try to set a limit on your calorie intake? What was your

lowest limit in calories per day at the time when you

were restricting the most?

Eating Disorder Diagnoses. Lifetime histories of ED in

probands and affected relatives were assessed with the

SIAB.43 For the BN Affected Relative Pairs and AN Trios

Studies, additional information regarding eating disorder

recovery status as well as the presence or absence of eat-

ing disorder symptoms was obtained by an expanded

version of module H of the Structured Clinical Interview

for DSM-IV Axis I disorders (SCID).48 This additional in-

formation was used as a validation of the ED diagnoses

obtained with the SIAB. The diagnostic categories were:

(1) DSM-IV AN-restricting (RAN), binge eating, regardless

of purging behavior (BAN), and purging type, but no bin-

geing (PAN) (criteria were modified to include individuals

with other menstrual status than only amenorrhea); (2)

(DSM-IV BN-purging (PBN) and non purging (NPBN)

type; (3) individuals with a history of both AN and BN

(ANBN); (4) EDNOS which encompassed subthreshold

AN (presence of at least two of the three criterion symp-

toms of low body weight, extreme fear of fatness, or body

image disturbance, undue influence of body weight and

shape on self-evaluation, or denial of the seriousness of

low body weight), subthreshold BN (the frequency or

PINHEIRO ET AL.

426 International Journal of Eating Disorders 40:5 424–434 2007—DOI 10.1002/eat



duration of eating binges and/or purging or other inap-

propriate compensatory behaviors fell below the speci-

fied DSM-IV criterion, which is twice per week for 3

months, respectively), and subthreshold mix [individuals

of normal weight who purged (e.g., vomited or abused

laxatives, diuretics, enemas), fasted or exercised exces-

sively due to extreme fear of weight gain, or undue influ-

ence of body weight on self-evaluation, in the absence of

binges or binge eating].

Binge Eating and Compensatory Behaviors. Binge eat-

ing behavior was defined as episodes of eating in which

the participant ate a large amount of food (>1,000 kcal,

the SIAB’s cutoff point for objective binge eating) in a rel-

atively short period of time with loss of control over the

eating behavior. If the participant endorsed (1) occasion-

ally (at least an average of twice a week for at least 3

months), frequently (up to once a day for at least 3

months), very frequently (more than once a day for at

least 3 months), or at least twice a week but for fewer

than 3 months for frequency of binge eating and (2)

slight, marked, severe, or very severe for loss of control,

she was scored as positive for binge eating behavior.

The definition of laxative abuse and other purging

behaviors was as follows: participants were divided into

laxative abuse groups based on their response to the

question ‘‘Did you use laxatives to avoid gaining weight?’’

Those who endorsed the ‘‘never’’ response option were

considered to be nonlaxative abusers; those who used lax-

atives rarely (less than twice a week and/or in low doses),

sometimes (at least twice a week and/or in moderate

dose), frequently (up to once daily and/or in high does),

or very frequently (several times a day and/or in very high

dose) were considered to be laxative abusers. It is impor-

tant to note that individuals who reported ‘‘rare’’ usage of

laxative abuse were also included in the laxative group.

Although this response option was below the DSM IV

threshold for purging behaviors (on average, twice a week

for 3 months), it nonetheless represented individuals who

may have used laxatives somewhat infrequently but inap-

propriately, for the purpose of weight control. The pres-

ence of other purging behaviors was also evaluated. The

classifications of vomiting behavior and diuretic abuse

were similarly defined on the basis of response. Individu-

als who only reported ‘‘experimental’’ use were not con-

sidered to be users, otherwise duration of the behavior

was not considered in our operative definition.

Fasting was defined similarly to purging behaviors.

Those who endorsed the ‘‘never’’ response option for the

question ‘‘Have you refrained from eating anything for

more than 24 h to avoid weight gain?’’ were considered

as non fasting participants; those who fasted rarely (up to

1 day per month), sometimes (up to 1 day per week), fre-

quently (up to 1 week continuously), or very frequently

(longer than 1 week) were included as fasters.

Participants were divided into exercise groups based

on their response to the SIAB question ‘‘How much exer-

cise did you engage in?’’ Participants were considered as

excessive exercisers if any of the following were reported:

(1) severe interference with important activities, (2) exer-

cising more than 3 h per day and distress if unable to

exercise, (3) frequent exercise at inappropriate times and

places and little or no attempt to suppress the behavior,

or (4) exercising despite more serious injury, illness or

medical complication. All other participants were catego-

rized as not excessive/regular exercisers.

Menstrual Status. Participants were divided into men-

strual status groups according to their response to the

SIAB question ‘‘Was your period always regular?’’ Addi-

tional questions were asked when necessary: ‘‘Have you

ever missed your period for at least 3 consecutive

months?’’ If yes: ‘‘At that time were you pregnant, lactating

or menopausal?’’ If low weight had been present but par-

ticipant had not missed three consecutive periods: ‘‘What

was the pattern of your periods when your weight was very

low? Were you taking birth control pills or other hor-

mones?’’ Menstrual status was then categorized as: (1)

normal; (2) oligomenorrhea (period occurred without hor-

mone preparations but was fairly irregular or showed spot-

ting); (3) secondary amenorrhea (period did not occur for

at least 3 months after menarche); and (4) primary amen-

orrhea (period never came or menarche after age 16, and

those with menarche after 16 years old but who had ED af-

ter age 16 as well). Individuals receiving hormone adminis-

tration and those on birth control pills were excluded from

this analysis since it was not clear whether their period

would occur without hormone replacement (n ¼ 124),

making it difficult to determine their true menstrual status.

Personality and Symptom Assessments. Personality and

symptom assessments included the Temperament and

Character inventory (TCI),49 the Frost Multidimensional

Perfectionism Scale (MPS),50 the state-trait anxiety in-

ventory (STAI Form Y-1),51 the Yale-Brown obsessive

compulsive scale (Y-BOCS),52 and the Yale-Brown-

Cornell eating disorder scale (YBC-EDS).53

Axis I and II Psychiatric Disorders. Axis I disorders were

assessed with the SCID.54 Personality disorders were

assessed with the Structured Clinical Interview for DSM-

IV Personality Disorders (SCID-II).55 Individuals (N ¼
380) from the Price Foundation study ‘‘Anorexia Nervosa

Affected Relative Pairs’’41 were unable to be included in

these analyses as data on Axis I and Axis II comorbidity

were not available for that sample.

Statistical Analyses

Menstrual status across diagnostic subtypes was

examined using the MULTTEST procedure in SAS.56 For
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the first set of analysis, menstrual status groups were

compared on the presence or absence of the various eat-

ing disorder behaviors, BMI measures and calorie num-

ber, using analysis of variance or logistic regression

(depending on the characteristics of the outcome vari-

able). Because these various eating disorder behaviors

are used to define the eating disorder subtypes, eating

disorder subtype was not entered into any model as a

covariate. Thus, the only independent variable fit in these

models was menstrual status group.

For the second set of analyses, age of onset as well as

the standardized scores of the MPS, TCI, STAI, YBC-EDS,

and Y-BOCS were compared across menstrual status

groups, using analysis of variance. Logistic regression

analyses predicting Axis I and Axis II disorders from men-

strual group were performed (for the subsample that

included BN Affected Relative Pair and AN trios only).

Eating disorder group (AN, BN, ANBN, EDNOS) and age

of onset were entered into these regression models as

covariates. The interactions (menstrual group � eating

disorder group, menstrual group � age) were not signifi-

cant and therefore were removed from all models. Per-

sonality variables that emerged in the initial analysis of

variance tests as significantly associated with menstrual

disturbance were then entered into a stepwise discrimi-

nant analysis using the STEPDISC procedure in SAS.56

Generalized estimating equations corrections were

used in the analyses of variance and the logistic regres-

sions to account for the nonindependence of the data

due to the use of affected relatives in the analyses.57–59

These statistical analyses were conducted using the GEN-

MOD procedure of SAS version 8.1.56 Chi-square and p

values were given for the models. p values were adjusted

for multiple testing using the method of false discovery

rate.60

Results

Participants

The sample initially comprised 1,916 partici-
pants. Those excluded from the analyses were:
males (n ¼ 53); individuals with missing data for
the question ‘‘Was your period always regular?’’
(n ¼ 3); if the person responded ‘‘no period because
of pregnancy’’ or hysterectomy (n ¼ 8); if menarche
occurred earlier than 16 but eating disorder onset
was before menarche, so it is unclear whether men-
struation was delayed due to eating disorder (n ¼
20); participants who were younger than 16 at
interview and still had not gotten their period (n ¼
3); and, participants who were either receiving hor-
mone administration or birth control pills (n ¼
124). The resulting sample was 1,705.

Frequency of Menstrual Disturbance Across

Subtypes of EDs

Table 1 presents the results of the tabulation of
eating disorder subtype by menstrual status. AN
participants mostly reported secondary amenor-
rhea (77.7%). Among individuals with BN, those
with a history of AN (ANBN) reported secondary
amenorrhea more frequently than the other BN
participants. Among the EDNOS participants, 3.3%
reported primary amenorrhea, whereas 30.4%
reported secondary amenorrhea. The eating disor-
der groups were not similarly distributed among
the menstrual status groups (�2 ¼ 457.39, df ¼ 9,
p < .0001). Specifically, the AN group was signifi-
cantly different from the BN group (p ¼ .0003) and
the EDNOS group (p ¼ .0001), and the ANBN group
was significantly different from the EDNOS group
(p ¼ .0310).

Association Between Menstrual Dysfunction

and Eating Disorder Behaviors

Table 2 presents the means of the lifetime lowest
BMI, highest BMI, and the number of calories/day
the participant would allow themselves during the
time they were restricting the most by menstrual
status group. Participants in the normal menstrual
status group and in the primary amenorrhea
groups reported the most extreme values for mini-
mum and maximum lifetime BMI. The normal
menstruation group had significantly higher values
and the primary amenorrhea group had signifi-
cantly lower values compared to all the other men-
strual groups for these BMI measures (respectively,
�2 ¼ 247.57, p ¼ .0002, and �2 ¼ 70.44, p ¼ .0002).

For the mean number of calories/day at the time
of most restrictive eating, those in the secondary

TABLE 1. Tabulation of eating disorder subtype
by menstrual statusa,b

% (n)

AN
(n ¼ 955)

BN
(n ¼ 292)

ANBN
(n ¼ 366)

EDNOS
(n ¼ 92)

Normal 4.5 (43) 40.4 (118) 9.0 (33) 51.1 (47)
Oligomenorrhea 5.6 (53) 19.2 (56) 6.8 (25) 15.2 (14)
Secondary 77.7 (742) 35.6 (104) 77.1 (282) 30.4 (28)
Primary 12.2 (117) 4.8 (14) 7.1 (26) 3.3 (3)

Notes: AN, anorexia nervosa; BN, bulimia nervosa; ANBN, bulimia nerv-
osa with history of anorexia nervosa; EDNOS, eating disorder not otherwise
specified.

a Percents given are in reference to the eating disorder subtype.
b The eating disorder groups were not similarly distributed among the

menstrual status groups (�2¼457.39, df ¼ 9, p < .0001). Specifically, the
AN group was significantly different from the BN group (p ¼ .0003) and
the EDNOS group (p ¼ .0001), and the ANBN group was significantly differ-
ent from the EDNOS group (p ¼ .03).
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amenorrhea group reported the greatest caloric
restriction and differed significantly from those in
the normal menstruation and oligomenorrhea
groups. Those in the normal menstruation group
reported the least caloric restriction and differed
significantly from the oligomenorrhea, secondary,
and primary amenorrhea groups.

Table 3 presents the frequencies and the statisti-
cal comparisons of binge eating and the use of vari-
ous inappropriate compensatory behaviors by
menstrual status. Results from the post hoc analy-

sis indicate which groups differed significantly at
the p < .01 level.

For binge eating behavior, those in the normal
menstruation and oligomenorrhea groups reported
the highest frequency of binge eating, differing sig-
nificantly from those in the secondary and primary
amenorrhea groups. This is to be expected because
women with BN who are of normal weight, by defi-
nition, binge. For vomiting, results were similar:
those in the normal menstruation and oligome-
norrhea groups reported the highest frequency of

TABLE 2. Means (Std) of lifetime lowest BMI, highest BMI and the number of calories/day the participant would
allow themselves during the time they were restricting the mosta and results from analysis of variance comparing
menstrual status groups on BMI measures and caloric intake at time of greatest restrictionb

�2 (p-value)
df ¼ 3

Normal (n)
N ¼ 241

Oligomenorrhea (o)
N ¼ 148

Secondary (s)
N ¼ 1156

Primary (p)
N ¼ 160

BMI, max 70.44 (.0002) 24.7 (3.8) 23.1 (3.3) 22.2 (2.9) 20.8 (3.0)
o, s, p n, p n, p n, o, s

BMI, min 247.57 (.0002) 18.6 (2.4) 17.4 (2.3) 14.6 (2.4) 13.9 (2.8)
o, s, p n, s, p n, o, p n, o , s

Mean caloric intake 57.95 (.0002) 727.9 (354.4) 619.0 (332.0) 503.6 (335.9) 535.2 (368.2)
o, s, p n, s n, o n
N ¼ 197 N ¼ 124 N ¼ 1023 N ¼ 140

a there are 221 participants for whom these data are missing. Of these, 133 report that they did not restrict their caloric intake; 10 additional partici-
pants had information missing for both questions. The other 78 are missing these data.

b The �2 and p values are from an analysis of variance with GEE corrections, predicting the BMI and caloric variables from menstrual status groups.
Results from the post hoc tests indicating which groups are significantly different at the p < .01 are given. The abbreviation for the group is listed in the
header of each column. The group heading the column is significantly different from the groups listed in the respective cells, e.g. For mean caloric intake,
those in the primary amenorrhea group are significantly different from those in the normal menstruation group.

TABLE 3. Frequency of those who use various inappropriate compensatory behaviors and those who binge by
menstrual status [% (N)]a, and results from chi-square analysis comparing the menstrual status groups on
various eating disorder behaviorsb

�2 (p-value)
df ¼ 3

Normal (n)
N ¼ 241

Oligomenorrhea (o)
N ¼ 148

Secondary (s)
N ¼ 1156

Primary (p)
N ¼ 160

Bingeing 66.72 (.0002) 68.9 (166) 61.5 (91) 42.2 (486) 33.8 (54)
s, p s, p n, o n, o

Fasting 9.40 (.032) 49.2 (118) 60.5 (89) 55.0 (636) 46.9 (75)
— — — —

Exercise 69.93 (.0002) 19.9 (48) 25.0 (37) 45.4 (525) 39.4 (63)
s, p s, p n, o n, o

Appetite suppressants 28.73 (.0002) 44.0 (106) 40.5 (60) 32.1 (371) 18.8 (30)
s, p p n n, o

Vomiting 48.14 (.0002) 73.0 (176) 66.2 (98) 53.1 (613) 41.2 (66)
s, p s, p n, o n, o

Enemas 5.34 (.161) 5.8 (14) 2.7 (4) 6.3 (7) 5.6 (9)
— — — —

Ipecac 1.89 (.595) 7.1 (17) 6.8 (10) 8.1 (93) 5.6 (9)
— — — —

Diuretics 7.01 (.084) 14.1 (34) 18.2 (27) 15.7 (181) 9.4 (15)
— — — —

Laxatives 9.65 (.031) 33.2 (80) 40.1 (59) 42.1 (486) 34.4 (55)
s — n —

Any purging 39.39 (.0002) 80.5 (194) 76.9 (113) 64.7 (743) 55.6 (89)
s, p s, p n, o n, o

a For fasting, vomiting, enemas, ipecac, diuretics, laxatives, fasting, and appetite suppressants, positive endorsement was considered a 1, 2, 3, or 4 on
the respective SIAB items. For exercise, only a response of 4 was considered as positive endorsement. If the individual endorsed any of the purging meth-
ods (vomiting, enemas, ipecac, diuretics, and laxatives) with a 1, 2, 3, or 4, then they were considered as purgers (any purging).

b The �2 and p values are from logistic regression with GEE corrections, predicting the various eating behaviors from menstrual status groups. Results
from the post hoc tests indicating which groups are significantly different at the p < .01 are given. The abbreviation for the group is listed in the header of
each column. The group heading the column is significantly different from the groups listed in the respective cells, e.g., For exercise, those in the oligome-
norrhea group are significantly different from those in the secondary and primary amenorrhea groups.
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vomiting, differing significantly from those in the
secondary and primary amenorrhea groups. For ex-
cessive exercise, those in the primary and second-
ary amenorrhea groups reported the highest fre-
quency and differed significantly from those in the
normal menstruation and oligomenorrhea groups.

For the use of appetite suppressants, those in the
primary amenorrhea group reported the lowest fre-
quency of use, differing significantly from the nor-
mal menstruation and the oligomenorrhea groups.
Those in the normal menstruation group reported
the highest frequency of use and differed signifi-
cantly from those in the secondary and primary
amenorrhea groups.

For laxatives, the secondary amenorrhea group
reported the highest frequency of use, and differed
significantly from the normal menstrual status
group. As for any purging behavior, the normal
menstruation and oligomenorrhea groups reported
the highest frequency and were significantly differ-
ent from the secondary and primary amenorrhea
groups.

The frequency of fasting and other purging
behaviors including the use of ipecac, diuretics,
and enemas did not show consistent significant dif-
ferences across menstrual status groups.

Association Between Menstrual Dysfunction

and AXIS I and II Disorders

For the Axis I and II disorders no significant dif-
ferences were observed across the four menstrual
status groups.

Association Among Menstrual Dysfunction,

Personality, and Psychological Features

The analysis of variance tests indicated that fol-
lowing variables were significantly associated with
menstrual disturbance: age of onset (p < .005), trait
anxiety (p < .001), harm avoidance (p ¼ .003), nov-
elty seeking (p ¼ .001), persistence (p < .001), self-
directedness (p ¼ .010), concern over mistakes (p <
.001), doubts about actions (p < .001), personal
standards (p < .001), organization (p < .015), pa-
rental expectations (p ¼ .017), worst rituals (p <
.001), worst preoccupations (p < .001), and obses-
sions (p < .001).

When all significant personality variables were
entered into a stepwise discriminant analysis, YBC-
EDS worst rituals (partial R-square ¼ .107; F-value
¼ 60.26, p < .001), TCI novelty seeking (partial R-
square ¼ 0.016; F-value ¼ 7.94, p < .001), TCI harm
avoidance (partial R-square ¼ .008; F-value ¼ 4.24,
p ¼ .005), MPS personal standards (partial R-square ¼
0.009; F-value ¼ 4.29, p ¼ .005), and YBOCS ob-

sessions (partial R-square ¼ .012; F-value ¼ 5.70,
p < .001) remained in the model.

On the YBC-EDS, significant lower scores for eat-
ing disorder rituals at the worst point of illness was
reported by the normal menstruation group when
compared with all other three menstrual status
groups; also, the oligomenorrhea group showed
significantly lower scores for worst rituals com-
pared with the secondary and primary amenorrhea
groups.

On the TCI, the oligomenorrhea and the second-
ary amenorrhea groups reported significantly higher
scores on harm avoidance compared with the nor-
mal menstrual status group. For novelty seeking, the
primary and secondary amenorrhea groups reported
significantly lower scores than the normal menstrual
status and oligomenorrhea groups.

On the MPS, significantly lower personal stand-
ards were reported by the normal menstruation
group compared with the secondary and primary
amenorrhea groups.

For the Y-BOCS, the oligomenorrhea and second-
ary amenorrhea groups reported the highest scores
on obsessions, and were significantly different
from the primary amenorrhea group. In addition,
the secondary amenorrhea group had significantly
higher scores on obsessions than the normal men-
struation group.

Conclusion

The present study examined diagnostic, clinical,
and nutritional variables, as well as personality
traits and psychiatric comorbidity associated with
menstrual disturbance in the largest and most
diagnostically diverse cohort of eating disorder
patients studied to date.

Overall, most AN participants reported second-
ary amenorrhea, but it is of note that *18% of this
diagnostic group reported other degrees of men-
strual disturbance. Among the BN participants,
35.6% reported secondary amenorrhea. Those BN
participants with a history of AN reported the high-
est frequency of secondary amenorrhea among the
BN group (77.1%), in accordance with the findings
of Copeland and Herzog.17

These findings illustrate that individuals with
variants of AN and BN present with amenorrhea,
oligomenorrhea, and normal menstrual function
suggesting that menstrual status might not be an
informative criterion to distinguish among ED sub-
types. Other studies have shown that amenorrhea
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did not discriminate between women with AN and
women who met all diagnostic criteria except
amenorrhea across a number of relevant variables
such as demographics, illness characteristics, psy-
chiatric comorbidity, and family history.3,14,15,33–36

The most relevant factors associated with men-
strual dysfunction measured in this study were
BMI, recalled caloric intake, and levels of exercise.
Lifetime minimum BMI was significantly associ-
ated with amenorrhea as participants with primary
amenorrhea reported the lowest maximum lifetime
BMI and the lowest minimum lifetime BMI of all
menstrual status groups. The normal menstrual
status group reported the opposite profile-the high-
est maximum lifetime BMI and highest minimum
lifetime BMI. The most severe caloric restriction
during the acute phase of illness was reported by
those with primary or secondary amenorrhea.
Although these data are retrospective and subject
to recall bias, they nonetheless suggest that low
BMI and severe caloric restriction are significantly
associated with menstrual dysfunction.

These findings concur with those of Copeland
et al.,61 who, in a longitudinal study of amenorrhea
in ED, observed that those AN and BN patients
with amenorrhea had a significantly lower mean
percent ideal body weight. Factors other than
weight loss may also contribute to amenorrhea in
ED. The caloric restriction reported by the partici-
pants might reflect a diet with a lack of nutrients
that are relevant to maintenance of the menstrual
cycle. Gendall et al.36 compared AN women with
and without amenorrhea and found that percent
energy from dietary fat was slightly but not signifi-
cantly lower in women with amenorrhea. The nu-
trient composition analysis showed that there were
also trends for greater intake of water, fiber, and
percent energy protein and polyunsaturated fatty
acids in women with amenorrhea compared to
women without amenorrhea.

Those individuals with secondary amenorrhea
reported the highest frequency of exercise, followed
by the primary amenorrhea group. Reproductive
dysfunction in exercisers can be attributed to the
diversity of sports practice, the issue of overtrain-
ing, and inadequate energy balance. Exercise itself
may have no deleterious effect on the reproductive
system beyond the impact of its cost on energy
availability.62

Although exploratory in nature, the present
investigation also examined whether abnormal eat-
ing and weight control behaviors other than low
body weight and energy intake were associated
with menstrual dysfunction. Binge eating behavior,
vomiting, and the use of appetite suppressants

were significantly more frequent among individuals
who reported normal menstruation and oligome-
norrhea. The association of binge eating and nor-
mal menstruation and oligomenorrhea may be
related to the fact that, when engaging in binge eat-
ing, at least a certain proportion of calories are
being absorbed, which might be sufficient to main-
tain the menstrual cycle to some extent. Con-
versely, both binge eating and vomiting may also
influence regulation of menses once they interfere
with insulin response, leading to hyperandrogen-
ism and polycystic ovary syndrome in some
patients.24,29 Also, a high frequency of vomiting
may increase dopaminergic and opioid activity
which has been implicated in menstrual irregular-
ity.31 Finally, appetite suppressants, especially
amphetamines, can cause an increase in prolactin
levels, leading to menstrual dysfunction.63

Patterns of comorbitidy and personality features
yielded few distinguishing differences across men-
strual status groups. We observed no differences
across menstrual groups in terms of Axis I and II
comorbid psychiatric disorders. These observations
are consistent with previous studies that used
smaller samples.3,15,33–36,64 For example, Garfinkel
et al.3 found no differences in psychiatric comor-
bidity (major depression, anxiety disorders, and
alcohol dependence) when women with AN with
and without amenorrhea were compared. Other
authors reported similar depression scores and
general psychopathology among females with typi-
cal and atypical AN.33,35 In addition, Ricca et al.64

observed similar STAI and depression scores
among women with EDNOS and typical ED.

In addition, for the personality variables, the
stepwise discriminant analysis showed that the
character dimension of TCI, worst preoccupation
and worst motivation to change (YBC-EDS), trait
anxiety, compulsions (YBOCS), concern over mis-
takes, doubts about actions, organization, and pa-
rental criticism and expectations (MPS) did not dis-
criminate among the four menstrual groups. In
relation to the observed differences in personality
features among menstrual status groups, TCI nov-
elty seeking scores (NS) were significantly lower in
women with primary and secondary amenorrhea
than in those with normal menstruation and
oligomenorrhea. Our findings are consistent with
Gendall et al.65 who reported that amenorrheic
women with AN had significantly lower NS. On the
MPS, women with menstrual disturbance displayed
higher scores on personal standards when com-
pared to women with normal menstruation. Giles
and Berga66 observed that women with functional
hypothalamic amenorrhea (FHA, a condition that
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resembles subthreshold AN) reported higher per-
fectionistic standards when compared with organic
amenorrhea and eumenorrheic women. In terms of
obsessionality, we also observed that women with
menstrual disturbance had higher scores on worst
rituals (YBC-EDS) and obsessions (YBOCS). Estrogen
affects areas of the brain that are not primarily
involved in reproduction such as cognition and
mood. It modulates serotonergic function via a vari-
ety of mechanisms including serotonin (5HT) recep-
tor number and 5HT synthesis and metabolism.67

Disrupted plasma levels of estradiol could also con-
tribute to serotonergic dysregulation observed in
women with AN and BN. Alterations in brain 5HT
function are thought to contribute to diverse aspects
of ED, including perfectionism, obsessionality, be-
havioral constraint, impulsivity, anxiety and mood
regulation.68,69

In contrast, although we know that many of the
psychological symptoms reported by individuals
with ED can be the result of malnutrition, and that
ovarian steroids have a considerable effect in path-
ways that regulate affect, cognition, and modulate
5-HT function,70 the extent to which those factors
differentially influence state and trait characteris-
tics in ED, including personality features, remains
unclear. The few psychopathological distinctions
observed among the menstrual status groups may
imply that some of the psychological features of ED
are not only a direct consequence of nutrition de-
privation and low levels of gonadal hormones (state
related) but rather reflect core aspects of these dis-
orders.

This study was designed to describe the land-
scape of menstrual status across subtypes of AN,
BN, and EDNOS. The results reported here should
be interpreted within the context of some limita-
tions. As this is a cross-sectional study, the associa-
tions reported among the clinical and nutritional
variables and menstrual status do not necessarily
express a cause-effect relationship. In addition, all
the clinical and nutritional measures were deter-
mined by self-report and thus subject to recall bias.
There were no objective measures such as plasma
concentrations of sex steroids and other hormones
that are known to reflect reproductive function.
Most of the neuroendocrine and neurotransmitter
abnormalities that might explain some of the psy-
chobiological disturbances observed in AN and BN,
are, for the most part, state-related and tend to nor-
malize after symptom remission [although there is
some indication that serotonin activity alteration is
a trait-related characteristic69]. Finally, participants
included in this sample were originally recruited
for a series of genetic studies and may not be repre-

sentative of community or clinical samples with
ED, and no comparative data with a noneating dis-
order group was available for the present report.

Despite these limitations, this study obtained in-
formation from a large cohort of participants ena-
bling the examination of several clinical variables
that may interact and influence menstrual status in
women with ED.

Although the results of the present study are not
surprising, they validate with new and extensive
data that of all eating disorder behaviors we meas-
ured, BMI, low caloric intake, and levels of exercise
show the strongest association with menstrual dys-
function. In addition, women with ED, irrespective
of menstrual status, experience similar degrees of
psychological distress, and no distinguishing Axis I
and II comorbid disorders.

In summary, our findings suggest that varying lev-
els of menstrual dysfunction are highly prevalent
across all ED subtypes. Menstrual disturbance is an
important clinical feature associated with serious
and damaging eating disorder symptoms rather than
a criterion that discriminates ED subtypes. When see-
ing a patient with any type of menstrual dysfunction,
health care providers should remain alert and screen
for ED, not just AN, but BN and EDNOS as well.

Taken together our results support reconsidera-
tion of amenorrhea as a diagnostic criterion for AN.
Our recommendation is that the criterion be recon-
ceptualized as an associated feature of AN, BN, and
EDNOS with a broader indication of menstrual
irregularity rather than amenorrhea of a specified
and arbitrary duration.

The authors thank the Price Foundation for the support
of the clinical collection of participants and support of
data analysis. The authors thank the staff of the Price
Foundation Collaborative Group for their efforts in
participant screening and clinical assessments. The
authors are indebted to the participating families for
their contribution of time and effort in support of this
study. This study was also supported by MH-66117 from
the National Institutes of Health, Bethesda, MD. Dr. Pin-
heiro received financial support from Conselho Nacional
de Desenvolvimento Cientifico e Technologico (201093-
2004/9), CPNQ-Brazil.

References

1. APA. Diagnostic and Statistical Manual of Mental Disorders, 4th

ed. Washington, DC: American Psychiatric Press, 1994.

2. Sullivan PF. Course and outcome of anorexia nervosa and buli-

mia nervosa. In: Fairburn CG, Brownell KD, editors. Eating Dis-

orders and Obesity—A Comprehensive Handbook. New York:

The Guilford Press, 2002, pp. 226–230.

PINHEIRO ET AL.

432 International Journal of Eating Disorders 40:5 424–434 2007—DOI 10.1002/eat



3. Garfinkel P, Lin E, Goering P, Spegg C, Goldbloom D, Kennedy S,

et al. Should amenorrhea be necessary for the diagnosis of an-

orexia nervosa? Evidence from a Canadian community sample.

Br J Psychiatry 1996;168:500–506.

4. Garfinkel PE, Lin E, Goering P, Spegg C, Goldbloom DS, Kennedy

S, et al. Bulimia nervosa in a Canadian community sample:

Prevalence and comparison of subgroups. Am J Psychiatry 1995;

152:1052–1058.

5. Russell G. Bulimia nervosa: An ominous variant of anorexia

nervosa. Psychol Med 1979;9:429–448.

6. Golden N, Shenker I. Amenorrhea in anorexia nervosa. Int J Eat

Disord 1994;16:53–60.

7. Couzinet B, Young J, Brailly S, Bouc YL, Schaison G. Functional

hypothalamic amenorrhea: A partial and reversible gonadotro-

pin deficiency of nutritional origin. Clin Endocrinol 1999;50:

229–235.

8. McArthur J, O’Loughlin K, Beitensm I, Johnson L, Hourihan J,

Alonso C. Endocrine studies during refeeding of young women

with nutritional amenorrhea and infertility. Mayo Clin Proc

1976;51:607–616.

9. Theander S. Anorexia nervosa: a psychiatric investigation of 94

female patients. Acta Psychiatr Scand 1970;214:1–194.

10. Falk J, Halmi K. Amenorrhea in anorexia nervosa: Examination

of the critical body weight hypothesis. Biol Psychiatry 1982;17:

799–806.

11. Katz M, Vollenhoven B. The reproductive consequences of ano-

rexia nervosa. BJOG. 2000;107:707–713.

12. Abraham S, Beumont P, Fraser I, Llewellyn-Jones D. Body

weight, exercise and menstrual status among ballet dancers in

training. Br J Obstet Gynaecol 1982;89:507–510.

13. Brambilla F, Monteleone P, Bortolotti F, Grave RD, Todisco P,

Favaro A, et al. Persistent amenorrhea in weight-recovered ano-

rexics: psychological and biological aspects. Psychiatry Res

2003;118:249–257.

14. Bulik C, Sullivan P, Kendler K. An empirical study of the classifi-

cation of eating disorders. Am J Psychiatry 2000;157:886–

895.

15. Walters E, Kendler K. Anorexia nervosa and anorexic-like syn-

dromes in a population-based female twin smaple. Am J Psy-

chiatry 1995;152:64–71.

16. Miller K, Grinspoon S, Gleysteen S, Grieco K, Ciampa J, Breu J,

et al. Preservation of neuroendocrine control of reproductive

function despite severe undernutrition. J Clin Endocrinol Metab

2004;89:4434–4438.

17. Copeland P, Herzog DB. Menstrual abnormalities in bulimia.

In: Hudson J, Pope H, editors. The Psychobiology of Bulimia

Nervosa. Washington: American Psychiatric Press, 1987, pp.

31–54.

18. Fairburn CG, Cooper P. Self-induced vomiting in bulimia: An

undetected problem. Br Med J 1982;284:1153–1155.

19. Garner DM, Garfinkel P, O’Shaughessy M. The validity of the dis-

tinction between bulimia with and without anorexia nervosa.

Am J Psychiatry 1985;142:581–587.

20. Pirke K, Pahi J, Schweiger W. Metabolic and endocrine indices

of starvation in bulimia: a comparison with anorexia nervosa.

Psychiatry Res 1985;15:33–39.

21. Cantopher T, Evans C, Lacey J, Pearce J. Menstrual and ovula-

tory disturbance in bulimia. Br Med J 1988;297:836–837.

22. Fairburn CG, Cooper J. The clinical features of bulimia nervosa.

Br J Psychiatry 1984;144:238–246.

23. Johnson CL, Stuckey MK, Lewis LD, Schwatz DM. A survey of 509

cases of self reported bulimia. In: Darby PL, Garfinkel PE, Gar-

ner DM, Coscina DV, editors. Anorexia Nervosa: Recent Devel-

opments in Research. New York: Alan R Liss, 1983, pp. 83–89.

24. McCluskey S, Lacey J, Pearce J. Binge-eating and polycystic ova-

ries. Lancet 1992;340:723.

25. Devlin M, Walsh B, Katz J, Roose S, Linkie D, Wright L, et al.

Hypothalamic-pituitary-gonadal function in anorexia nervosa

and bulimia. Psychiatry Res 1989;28:11–24.

26. Pirke K, Fichter M, Shweiger U, Frutj C, Streitmatter A, Wolfram

G. Gonadotropin secretion pattern in bulimia nervosa. Int J Eat

Disord 1987;6:655–661.

27. Pirke K, Fichter M, Chiond C, Schweiger U, Laessie R, Schwin-

genschloegel M, et al. Disturbances of the menstrual cycle in

bulimia nervosa. Clin Endocrinol 1987;27:245–251.

28. Kaye W, Gwirtsman H, George D, Jimerson D, Ebert M, Lake C.

Disturbances of noradrenergic systems in normal weight buli-

mia: Relationship to diet and menses. Biol Psychiatry 1990;

27:4–21.

29. Raphael F, Rodin D, Peatties A, Bano G, Kent A, Nussey S, et al.

Ovarian morphology and insulin sensitivity in women with

bulimia nervosa. Clin Endocrinol 1995;43:451–455.

30. Poison D, Wadsworth J, Adams J, Frank S. Polycystic ovaries: A

common finding in normal women. Lancet 1988;1:871.

31. Gendall KA, Bulik CM, Joyce PR, McIntosh VV, Carter FA. Men-

strual cycle irregularity in bulimia nervosa: Associated factors

and changes with treatment. J Psychosom Res 2000;49:409–

415.

32. Copeland P, Ridgeway E, Pepose M, Martin J. Amenorrhea in

bulimia. In: First international conference on eating disorders,

New York, 1984.

33. Cachelin R, Maher B. Is amenorrhea a critical criterion for ano-

rexia nervosa? J Psychosom Res 1998;44:435–440.

34. Kreipe R, Struass J, Hodman C, Ryan R. Menstrual cycle abnor-

malities and subclinical eating disorders: a preliminary report.

Psychosom Med 1989;51:81–86.

35. Watson T, Andersen A. A critical examination of the amenor-

rhea and the weight criteria for diagnosing anorexia nervosa.

Acta Psychiatr Scand 2003;108:175–182.

36. Gendall KA, Joyce PR, Carter FA, McIntosh VV, Jordan J,

McKenzie J, et al. The psychobiology and diagnostic signficance

of amenorrhea in anorexia. Fertil Steril 2006;85:1531–1535.

37. WHO. International Statistical Classification of Diseases and

Related Health Problems, 10th rev ed. Geneva: WHO, 1992.

38. Johnson C, Stuckey M, Lewis L, et al. A survey of 509 cases of

self reported bulimia. In: Darby P, Garfinkel P, Garner D,

Kaplan A, editors. Anorexia Nervosa: Recent Developments in

Research. New York: Alan R Liss, 1983, pp. 83–89.

39. Bacanu SA, Bulik CM, Klump KA, Fichter MM, Halmi KA, Keel P,

et al. Linkage analysis of anorexia nervosa and bulimia nervosa

cohorts using selected bevavioral phenotypes as quantitative

traits. Am J Med Genet 2005;139:61–68.

40. Hebebrand J, Himmelmann G, Heseker H, Schafer H, Remschi-

midt H. Use of percentiles for the body mass index in anorexia

nervosa: Diagnostic, epidemiological, and therapeutic consid-

erations. Int J Eat Disord 1996;19:359–369.

41. Kaye WH, Lilenfeld LR, Berrettini WH, Strober M, Devlin B,

Klump KL, et al. A search for the suscetibility loci for anorexia

nervosa: Methods and sample description. Biol Psychiatry 2000;

47:794–803.

42. Kaye WH, Devlin B, Barbarich N, Bulik CM, Thornton L, Bacanu

SA, et al. Genetic analysis of bulimia nervosa: Methods and

sample description. Int J Eat Disord 2004;35:557–570.

43. Fichter M, Herpetz S, Quadflieg N, Herpertz-Dahlmann B. Struc-

tured interview for anorexic and bulimic disorders for DSM IV

and ICD-10. Int J Eat Disord 1998;24:227–249.

44. Fichter M, Quadflieg N. The structured interview for anorexic

and bulimic disorders for DSV IV and ICD-10 (SIAB-EX): reliabil-

ity and validity. Eur Psychiatry 2001;16:38–48.

45. Fichter M, Quadflieg N, Georgopoulou E, Xepapadakos F, Fthe-

nakis E. Time trends in eating disturbances in young Greek

migrants. Int J Eat Disord 2005;38:310–322.

PATTERNS OF MENSTRUAL DISTURBANCE IN EATING DISORDERS

International Journal of Eating Disorders 40:5 424–434 2007—DOI 10.1002/eat 433



46. Goebel G, Schweiger U, Kruger R, Fichter MM. Predictors of

bone mineral density in patients with eating disorders. Int J Eat

Disord 1999;25:143–150.

47. Hedlund S, Fichter M, Quadflieg N, Brandl C. Expressed emotion,

family environment, and parental bonding in bulimia nervosa:

A 6-year investigation. Eat Weight Disord 2003;8:26–35.

48. First M, Gibbon M, Spitzer R, Williams J. Users Guide for the

Structured Clinical Interview for DSM IV Axis I Disorders—

Research Version (SCID-I, Version 2.0). New York: New York

State Psychiatric Institute, 1996.

49. Cloninger C, Svrakic D, Przybeck T. A psychobiological model of

temperament and character. Arch Gen Psychiatry 1993;50:975–

990.

50. Frost R, Marten P, Lahart C, Rosenblate R. The dimensions of

perfectionism. Cognit Ther Res 1990;14:449–468.

51. Spielberger C, Gorsuch R, Luchene R. The State-Trait Anxiety In-

ventory: Test manual for Form X. Palo Alto, CA: Consulting Psy-

chologists Press, 1970.

52. Goodman W, Price L, Rasmussen S, Mazure C, Fleischmann R,

Hill C, et al. The Yale-Brown obsessive compulsive scale I. De-

velopment, use and reliability. Arch Gen Psychiatry 1989;46:

1006–1011.

53. Sunday S, Halmi K, Einhorn A. The Yale-Brown-cornell eating

disorder scale: A new scale to assess eating disorder symptoma-

tology. Int J Eat Disord 1995;18:237–245.

54. First M, Spitzer R, Gibbon M, Williams J. Structured Clinical

Interview for DSM-IV Axis I Disorders, Research Version, Patient

Edition. New York: Biometrics Research, New York State Psychi-

atric Institute, 1997.

55. First MB, Gibbon M, Spitzer RL, Williams JBM, Benjamin LS. Struc-

tured Clinical Interview for DSM-IV Axis-II Personality Disorders

(SCID-II). New York: New York State Psychiatric Institute, 1997.

56. SAS I. SAS/STAT Software. In: Version 8.1 ed. Cary, NC, 1998.

57. Diggle P, Liang K, Zeger S. Analysis of Longitudinal Data.

Oxford: Oxford Science, 1994.

58. Liang K, Zeger S. Longitudinal data analysis using generalized

linear models. Biometrika 1986;73:13–22.

59. Zeger SL, Liang KY, Albert PS. Models for longitudinal data: A

generalized estimating equation approach. Biometrics 1988;

44:1049–1060.

60. Benjamini Y, Hochberg Y. Controlling the false discovery rate: A

practical and powerful approach to multiple testing. J R Stat

Soc 1995;57:289–300.

61. Copeland P, Sacks N, Herzog D. Logitudinal follow up of amen-

orrhea in eating disorders. Psychosom Med 1995;57:121–126.

62. Loucks A. Energy availability, not body fatness, regulates reproduc-

tive function in women. Exerc Sports Sci Rev 2003;31:144–148.

63. Yazigi R, Quintero C, Salameh W. Prolactin disorders. Fertil

Steril 1997;67:215–225.

64. Ricca V, Mannucci E, Mezzani B, Di Bernardo M, Zucchi T,

Paionni A, et al. Psychopathological and clinical features of

outpatients with an eating disorder not otherwise specified. Eat

Weight Disord 2001;6:157–165.

65. Gendall KA, Joyce PR, Carter FA, McIntosh VV, Jordan J, Bulik

CM. The psychobiology and diagnostic significance of amenor-

rhea in anorexia nervosa. Fertil Steril 2006;85:1531–1535.

66. Giles D, Berga S. Cognitive and psychiatric correlates of func-

tional hypothalamic amenorrhea: A controlled comparison.

Fertil Steril 1993;60:486–492.

67. Rubinow D, Schmidt P, Roca C. Estrogen-serotonin interactions:

Implications for affective regulation. Biol Psychiatry 1998;44:

839–850.

68. Steiger H. Eating disorders and the serotonin connection:state,

trait and developmental effects. J Psychiatry Neurosci 2004;

29:20–29.

69. Kaye W, Gendall K, Strober M. Serotonin neuronal function and

selective serotonin reuptake inhibitor treatment in anorexia

and bulimia nervosa. Biol Psychiatry 1998;44:825–838.

70. McEwen B. Estrogen actions throughout the brain. Rec Horm

Res 2002;57:357–384.

PINHEIRO ET AL.

434 International Journal of Eating Disorders 40:5 424–434 2007—DOI 10.1002/eat


