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Abstract

Objective—The relation between eating disorders and menstrual function has been widely
studied, but it is unknown whether the behavior of binge eating itself is related to menstrual
dysfunction.

Methods—The 11,503 women included in this study were from the Swedish Twin study of
Adults: Genes and Environment. The associations between menstrual dysfunction and binge
eating were analyzed using logistic regression or multiple linear regression models with
generalized estimation equations.

Results—Women who reported lifetime binge eating were more likely to report either
amenorrhea or oligomenorrhea than women who reported no binge eating. These results persisted
when controlling for compensatory behaviors including self-induced vomiting, laxative use, and
diuretic use. No differences between women with and without a history of binge eating were
observed for age at menarche.

Conclusion—Even when controlling for the effect of compensatory behaviors, the behavior of
binge eating is associated with menstrual dysfunction. Metabolic and endocrinological factors
could underlie this association. Careful evaluation of menstrual status is warranted for women
with all eating disorders, not just anorexia nervosa.
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INTRODUCTION

METHOD

Participants

Menstrual function can be disrupted in both adolescent and adult women who suffer from
eating disorders (1, 2). Although recently eliminated as a diagnostic criterion for anorexia
nervosa (AN) (3), amenorrhea, defined as the absence of three consecutive menstrual
periods, has been a central feature of that disorder historically and may be an index of
severity (4). In addition, oligomenorrhea, or irregular menstruation, occurs in about half of
girls and women with bulimia nervosa (BN) (1, 2, 5). Obesity is also associated with
menstrual irregularities (6-8). Yet, despite these documented associations, to our
knowledge, no previous study has specifically examined the association between binge
eating and menstrual dysfunction.

Factors contributing to the complex relationship between eating psychopathology and
menstrual dysfunction include nutritional status and metabolic disturbances, which can
interfere with the complex interplay of gonadotropin and gonadal hormones that are
essential for reproductive function (6). In AN, amenorrhea is thought to be related to a
gonadotropin deficiency caused by malnutrition and extreme weight-regulatory behaviors
(9) and, likewise, menstrual irregularities in BN have been hypothesized to be secondary to
disruption of the hypothalamic-pituitary-gonadal axis due to restricting energy intake and
purging (1, 2). Although binge eating is a central feature of BN and may also occur in AN,
the extent to which the symptom of binge eating alone might contribute to menstrual
irregularity is unknown. Binge eating is of particular interest as it affects approximately 5%
of adult women (10), is a primary diagnostic criterion for both BN and binge eating disorder
(BED), and is also strongly associated with obesity (11, 12).

BN is also associated with polycystic ovary syndrome (PCOS), which is marked by
menstrual irregularities/disruption (13, 14) secondary to insulin resistance-mediated
testosterone increases (6). Higher levels of testosterone are associated with anovulation and
menstrual irregularities (15, 16) and insulin is a regulator of testosterone levels (17). In a
similar vein, the effects of obesity on reproductive function are primarily mediated through
hormonal changes (5). Decreased concentrations of sex hormone binding globulin in women
with central adiposity lead to higher levels of free testosterone, which, in turn, inhibits
follicular maturation, resulting in anovulation (6).

It has been suggested that binge eating may be a contributing factor in the expression of both
PCOS and menstrual irregularities because gross fluctuations in energy intake affect insulin-
resistance (18). In a study of women seeking fertility treatment, BED was more common
among infertile women than fertile controls (19). Also, nearly 25% of women with PCOS
meet criteria for BED (20).

In the present study, we investigated the association between lifetime binge eating and
menstrual dysfunction in a large sample of female twins. We hypothesized that binge eating
would be positively associated with menstrual dysfunction. In addition, we conducted
exploratory analyses on a smaller subsample to examine whether individuals meeting
criteria for BED would be significantly more likely to report menstrual dysfunction than
individuals in the referent group.

Participants were from the population-based, prospective Swedish Twin study of Adults:
Genes and Environment (STAGE), which is a cohort of the Swedish Twin Registry born
between 1959 and 1985 (STR; http://ki.se/ki/jsp/polopoly.jsp?d=9610&I=en) (21, 22). Data
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for STAGE were collected in 2005 when participants were 20-47 years old using web-based
questionnaires with a computer-assisted telephone interview option. Over 25,000 individuals
responded (response rate = 59.6%; 14,000+ women). A total of 13,295 (94.2%) women
provided information for the eating disorders section. Women who were missing
information regarding age at interview, highest lifetime weight and height, lifetime binge
eating (absent or present), BED criteria, menstrual history, or PCOS diagnosis were
excluded from the present study (n = 1792; 13.5%). The resulting sample comprised 11,503
women (81.5% of all women who responded to STAGE).

STAGE was approved by both the Regional Ethics Committee at the Karolinska Institutet
and by the Biomedical Institutional Review Board at the University of North Carolina at
Chapel Hill. For more extensive descriptions of STAGE, see Furberg (21) and Lichtenstein
(22).

BMI and Weight Categories—Lifetime highest BMI (kg/m2) was calculated from height
(meters) and weight (kg) information that participants provided regarding the time when
they were at their heaviest. To examine whether binge eating would be associated with
menstrual dysfunction in women across different weight categories, lifetime highest BMI
was categorized as underweight < 18.50; normal weight = 18.50-24.99; overweight =
25.00-29.99; or obese = 30.00 kg/m?2.

Binge Eating and Binge Eating Disorder—Binge eating was assessed with two
questions: “Have you ever had eating binges when you ate what most people would regard
as an unusually large amount of food in a short period of time?” and “When you were
having eating binges, did you feel that your eating was out of control?” Binge eating was
scored as present if respondents endorsed both eating an unusually large amount of food and
any loss of control. BED was defined by DSM-IV-TR criteria (23) and considered present if
the participant: 1) endorsed binge eating as defined above (Criterion A); 2) endorsed at least
three of the following symptoms: eating faster than usual, eating until uncomfortably full,
eating large amounts of food when not hungry, eating alone due to embarrassment, and
feeling disgusted/depressed/qguilty after overeating (Criterion B); 3) indicated that binge
eating made them feel somewhat, very much, or extremely upset or distressed (Criterion C);
4) reported a minimum of four binge eating episodes in a one month period (modified,
broadened Criterion D); and 5) did not engage in inappropriate compensatory behaviors
(e.g., laxative use, diuretic use, diet pills, fasting/not eating, excessive exercising, and
vomiting) during the time when they were binge eating (Criterion E). In addition,
conservatively, a lifetime history of AN or BN was a rule-out for BED (n =9).

In the medical checklist section of the STAGE questionnaire, participants were asked a
general question about having or ever having had “anorexia/bulimia/eating disorders.”
Response options were “yes” or “no.” The agreement between the response on the medical
checklist and eating disorder diagnosis assigned using the diagnostic algorithms was k =
0.40. This lower value could reflect the lack of specificity of the checklist question. Unlike
the specific diagnostic criteria questions, the checklist item could be open to a number of
interpretations (e.g., an individual who never had a formal diagnosis could have answered
no whereas the diagnostic algorithm would have scored her positive for the diagnosis). Of
greater relevance, of those women who had a history of binge eating as defined above,
66.2% responded “yes” to the general question about ever having “anorexia/bulimia/eating
disorders.”
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Compensatory Behaviors—Compensatory behaviors were defined as engaging in
laxative use, diuretic use, or vomiting during the same period of time that binge eating was
occurring, or having used laxatives, diuretics or vomiting at least once or twice in their
lifetime to control weight or shape. Thus, compensatory behaviors were scored as present if
participants reported engaging in laxative use, diuretic use, or vomiting in the context of a
binge or independent of a binge episode as a method of weight or shape control.

Menstrual Dysfunction—Menstrual dysfunction was evaluated using two variables.
Response options were “yes” and “no” except where indicated. Amenorrhea was considered
present if participants endorsed “Have you ever missed more than three periods without any
natural causes such as pregnancy or menopause?” Lifetime oligomenorrhea was considered
present if participants endorsed “Have you, during any period of your life, had irregular
menstrual periods defined as more than five weeks between periods?” For PCOS,
participants were asked whether they had ever been diagnosed with PCOS. For age at
menarche, each participant was asked to report how old she was when her menstrual cycles
started.

Statistical Analyses

RESULTS

All analyses were conducted with SAS software (version 9.2) from SAS Institute Inc.,
(2008). Two different types of models estimated the association between both binge eating
and BED as independent variables and menstrual function as outcome variables. Separate
logistic regression models were used to estimate the odds of amenorrhea or lifetime
oligomenorrhea in the groups reporting binge eating or BED compared with the respective
groups reporting no history of binge eating or BED. Mean differences in age at menarche
between binge eating groups were estimated with linear regression models. For all models,
BMI category was entered as a covariate along with the interaction between binge eating or
BED with BMI category. The interaction was not significant for any model; thus it was
removed and models including binge eating and BMI categories were reapplied. PCOS and
a dichotomous variable indicating the presence or absence of compensatory behaviors were
included as covariates for all menstrual measures, and age was included as a covariate for
models evaluating the outcomes amenorrhea and lifetime oligomenorrhea.

Generalized estimation equations (GEE) were used to account for the nonindependence of
the data due to inclusion of twin pairs. All p-values were corrected by false discovery rate
(24) to control for type-1 error. One result of this approach is the possibility of obtaining
confidence intervals that do not include unity, but are not statistically significant.

Sample Description

In our final sample, 676 (5.9%) women endorsed lifetime binge eating and of those 59
(0.5%) participants met criteria for BED. The mean age at menarche (range 7-25 years) and
prevalence of menstrual dysfunction in women who reported binge eating and in the subset
of women with BED are presented in Table 1. The number of women who endorsed binge
eating in each weight class was: 1 (0.8%) in the underweight category, 333 (4.8%) in the
normal weight category, 203 (6.4%) in the overweight category, and 139 (10.7%) in the
obese category. The number of women who met criteria for BED in each weight class was: 0
(0.0%) in the underweight category, 22 (0.3%) in the normal weight category, 17 (0.5%) in
the overweight category, and 20 (1.5%) in the obese category.
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Associations Between Binge Eating and Menstrual Dysfunction

Results of models assessing the association between binge eating and menstrual dysfunction
are presented in Table 2. Binge eating was significantly associated with amenorrhea (p<.
001) and lifetime oligomenorrhea (p<.001) after controlling for PCOS, compensatory
behaviors, and age. No significant differences between women with and without a history of
binge eating were observed for age at menarche.

Associations Between Binge Eating Disorder and Menstrual Dysfunction

The results from logistic regression and multiple regression analyses evaluating associations
between menstrual dysfunction and BED are presented in Table 3. None of the associations
between BED and measures of menstrual function were significant.

DISCUSSION

In the present study we examined the associations between lifetime binge eating and
menstrual dysfunction in a large population-based sample of Swedish female twins. We also
conducted exploratory analyses evaluating the associations between BED and menstrual
function in a smaller subsample. The prevalence of lifetime binge eating and BED were
5.9% and 0.5%, respectively, which is comparable to that of other European countries but
lower than the prevalence observed in American nonclinical samples (10, 25-27). The
prevalence of lifetime amenorrhea was 10.4% and the prevalence of lifetime oligomenorrhea
was 33.7%. Previous studies have reported prevalence estimates between 2.6% and 7.6% for
amenorrhea and 11.3% for oligomenorrhea; however, these studies included younger
women or reported one-year point prevalences (28, 29). Controlling for regular
compensatory behaviors, PCOS, BMI, and age, women who reported lifetime binge eating
were significantly more likely to report amenorrhea and oligomenorrhea than women who
did not report lifetime binge eating. Although the correlational nature of our data does not
allow conclusions about causality to be drawn, some testable hypotheses can be forwarded.
It is possible that the behavior of binge eating itself may affect menstrual function
independent of weight because binge eating may interfere with hormonal function that, in
turn, affects menstrual function. The interplay between eating pathology and menstrual
dysfunction appears to be mediated by disruption of insulin and gonadal hormone function
(6). Eating binges tend to be high in fat and carbohydrates (30). When eating foods rich in
carbohydrates, blood glucose levels increase and insulin is released in response (31). Thus,
recurrent binge eating can increase insulin levels, which, via resultant increases in
testosterone, could influence follicular maturation and ovulation, resulting in menstrual
dysfunction. Another potential explanation for the detected association is that underlying
hormonal dysregulation could lead to both binge eating (14) and menstrual dysfunction (32).
It is also possible that the irregular hormonal fluctuations that drive the menstrual
irregularities exacerbate binge eating. Also, emotional eating varies across the menstrual
cycle (33). Irregular menstruation could lead to irregular appetite cycles that, due to their
unpredictability, could be distressing and increase the risk of binge eating.

No significant associations between BED and any measure of menstrual function were
found. However, a numerically greater proportion of women with BED than women without
BED reported amenorrhea or oligomennorhea. Further studies are needed to replicate and
confirm this finding. No significant differences between women with and without binge
eating were found for age at menarche. Previous research findings on this topic have been
mixed; in some studies binge eating has been associated with early menarche, while others
have failed to detect an association (34, 35).
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The results should be interpreted in the context of the study’s limitations. All information
about eating behaviors and menstrual dysfunction was based on computer-based self-reports,
which may affect reliability (36). On the other hand, participants may be more likely to give
accurate reports on sensitive matters in an anonymous computer-based study (37). BMI was
calculated based on the participants’ self-reported weight when they were at their heaviest
with no measured heights or weights available for validation. The variables used to evaluate
amenorrhea and oligomenorrhea only included “yes” and “no” response options, which
could complicate comparisons with studies including more comprehensive measures of
menstrual dysfunction. The response rate was ~60% and information on whether non-
participants differed from participants on the study variables was not available. Response
bias can therefore not be ruled out. Finally, the sample consisted of Swedish women, which
may limit generalizability to other populations with different observed prevalences of binge
eating and BED (25, 27). Future research should further investigate the association between
binge eating and menstrual dysfunction and the metabolic or hormonal disruption that may
underlie this association in larger, more ethnically diverse samples. In addition, the present
study did not include data regarding the onset of binge eating or menstrual dysfunction.
Longitudinal data are needed to understand the temporal relationship between binge eating
and menstrual dysfunction

In sum, the present study is, to our knowledge, the first to investigate the association
between binge eating and menstrual dysfunction. The results revealed significant
associations between binge eating and both amenorrhea and oligomenorrhea, even when
controlling for compensatory behaviors. Our results suggest that menstrual dysfunction is
not limited to anorexia nervosa and underscore the importance clinically of thoroughly
assessing menstrual status in women with all forms of eating psychopathology.
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Table 2

Adjusted odds ratios or mean difference in women (with 95% confidence intervals indicated in parentheses)
who had binge-eating behavior compared with those who did not, controlling for PCOS, BMI, age, and
compensatory behaviors.

Menstruation Measure Estimate (95% Cl) x? (FDR-p)
Amenorrhea OR =2.60 (2.07, 3.26) | 50.35 (<.001)
Lifetime oligomenorrhea OR =1.79(1.49, 2.14) | 36.60 (<.001)
Age at menarche Mean difference = 0.05 (-0.09, 0.18) 0.50 (.516)

Note. FDR = false discovery rate.
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Adjusted odds ratio or mean difference (indicated in parentheses) of having each menstruation measure in

women who endorse binge eating disorder versus those who do not.

Menstruation Measure Estimate (95% CI) | x2 (FDR-p)
Amenorrhea OR =1.62 (0.76, 3.43) 2.73 (.196)
Lifetime oligomenorrhea OR=1.88(1.08,3.27) | 1.19(.432)
Age at menarche Mean difference = -0.32 (-0.69, 0.05) | 0.12 (.731)

FDR = false discovery rate.
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