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Menstrual dysfunction is a common feature of all eating disorders and results in significant medical
complications. The etiology of menstrual dysfunction is multifaceted and the result of a complex
interplay of many factors including weight loss, decreased body fat, hypoleptinemia, abnormal
eating attitudes and behaviors, exercise, and psychological stressors. This chapter will review
the prevalence of menstrual dysfunction in adolescents with eating disorders, its multifactorial
etiology, the evidence-based pathophysiology, and the resulting complications to linear growth,
pubertal development, bone mineral accretion, and cognitive function. Future research directions
are identified that suggest opportunities to gain new insights into our understanding of the mechanisms and treatment of menstrual dysfunction in adolescents with eating disorders.
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Introduction
Eating disorders are complex illnesses causing significant morbidity and mortality.1–5 When the onset of these disorders occurs in childhood or adolescence, delay of menarche, interruption of pubertal
maturation, and menstrual cycle disturbances may occur. Menstrual dysfunction is a common clinical feature of all types of eating disorders.6 The etiology, of
menstrual dysfunction is complex, involving multiple
factors such as weight loss, decreased body fat, hypoleptinemia, abnormal eating attitudes and behaviors, exercise, and psychological stressors. This chapter
will review the prevalence of menstrual dysfunction
in eating disorders, its multifactorial etiology, and the
implications of menstrual dysfunction on growth and
pubertal development, bone mineral accretion, and
cognitive function.

Background
According to the Diagnostic and Statistical Manual of
Mental Disorders (4th edition, text revision) (DSM-IVTR),7 eating disorders fall into one of three categories
(TABLE 1): anorexia nervosa (AN), (OMIM %606788),
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bulimia nervosa (BN), (OMIM %607499), and eating
disorder not otherwise specified (ED-NOS). Diagnosis
can be challenging in children and adolescents as they
often do not meet the strict diagnostic criteria outlined
in the DSM-IV-TR.8–10

Anorexia Nervosa
Anorexia nervosa is the third most common chronic
disease among adolescent females9 and has a prevalence between 0.3–1.2%.11,12 Patients with AN refuse
to maintain a body weight that is consistent with health
for someone of their gender, age, and height. In children and adolescents, this may manifest as failure to
make expected weight gains. Patients also have an
intense fear of gaining weight or becoming fat and
a disturbance in the way in which they experience
their body weight or shape. The final diagnostic criterion is amenorrhea, defined as the absence of at least
three consecutive menstrual cycles in postmenarchal
females. In addition, an adolescent is considered to
have amenorrhea if her periods occur only following
hormone administration (e.g., hormonal therapy). Because AN may occur in prepubertal girls, there is concern that the amenorrhea criterion limit the diagnosis
of AN in children and younger adolescents.
The course of AN is often protracted.2 Mortality
due to AN is approximately 5.6% per decade; this is
the highest mortality rate of any psychiatric disorder.
Medical complications are common and AN can affect every organ system in the body.4,5 Quality of life
can also be significantly impaired, with higher rates
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TABLE 1. DSM-IV-TR classification of eating disordersa
Eating disorder

DSM-IV-TR criteria

Anorexia nervosa A. Refusal to maintain body weight at or above a minimally normal weight for age and height (e.g., weight
weight loss leading to maintenance of body weight <85% of that expected; or failure to make expected
weight gain during period of growth, leading to weight <85% of that expected)
B. Intense fear of gaining weight or becoming fat, even though underweight
C. Disturbance in the way in which one’s body weight or shape is experienced, undue influence of body
body weight or shape on self-evaluation, or denial of the seriousness of the current low body weight
D. In postmenarchal females, amenorrhea, i.e., absence of at least three consecutive menstrual cycles.
(A woman is considered to have amenorrhea if her periods occur only following hormone, e.g.,
estrogen, administration.)
Specify type:
Restricting Type: during the current episode of anorexia nervosa, the person has not regularly engaged in
binge-eating or purging behavior (i.e., self-induced vomiting or the misuse of laxatives, diuretics,
or enemas)
Binge-Eating/Purging Type: during the current episode of anorexia nervosa, the person has regularly
engaged in binge-eating or purging behavior (i.e., self-induced vomiting or the misuse of laxatives,
diuretics, or enemas)
Bulimia nervosa A. Recurrent episodes of binge eating. An episode of binge eating is characterized by both of the following:
1. Eating, in a discrete period of time (e.g., within any 2-hour period), an amount of food that is definitely
larger than most people would eat during a similar period of time and under similar circumstances
2. A sense of lack of control over eating during the episode (e.g., a feeling one cannot stop eating or control
what or how much one is eating)
B. Recurrent inappropriate compensatory behavior to prevent weight gain, such as self-induced vomiting;
misuse of laxatives, diuretics, enemas, or other medications; fasting; or excessive exercise
C. The binge eating and inappropriate compensatory behaviors both occur, on average, at least twice a
week for 3 months
D. Self-evaluation is unduly influenced by body shape and weight
E. The disturbance does not occur exclusively during episodes of anorexia nervosa
Specify type:
Purging Type: during the current episode of bulimia nervosa, the person has regularly engaged in selfinduced vomiting or the misuse of laxatives, diuretics, or enemas
Nonpurging Type: during the current episode of bulimia nervosa, the person has used other inappropriate
compensatory behaviors, such as fasting or excessive exercise, but has not regularly engaged in selfinduced vomiting or the misuse of laxatives, diuretics, or enemas
Eating disorder
The Eating Disorder Not Otherwise Specified category is for disorders of eating that do not meet the
not otherwise
criteria for any specific eating disorder.
specified
Examples include:
1. For females, all of the criteria for anorexia nervosa are met except that the individual has regular menses
2. All of the criteria for anorexia nervosa are met except that, despite significant weight loss, the individual’s current weight is in the normal range
3. All of the criteria for bulimia nervosa are met except that the binge eating and inappropriate compensatory
compensatory mechanisms occur at a frequency of less than twice a week or for a duration of less than
3 months
4. The regular use of inappropriate compensatory behaviors by an individual of normal body weight after eating
eating small amounts of food (e.g., self-induced vomiting after the consumption of two cookies)
5. Repeatedly chewing and spitting out, but not swallowing, large amounts of food
6. Binge-eating disorder: recurrent episodes of binge eating in the absence of the regular use of inappropriate
compensatory behaviors characteristic of bulimia nervosa
a
Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision, Copyright 2000.
American Psychiatric Association.

of social isolation, co-morbid psychiatric disorders,
failure to complete educational goals, and unemployment.3,13–19 Early intervention is crucial for a positive
outcome.

Bulimia Nervosa
Bulimia nervosa has a prevalence of 1–5%.1,11 Patients with BN engage in recurrent episodes of binge
eating, characterized by eating a large amount of food
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in a short period of time, while feeling out of control
during this eating behavior. Binge eating episodes result
in recurrent inappropriate compensatory behaviors to
prevent weight gain, such as self-induced vomiting;
misuse of laxatives, diuretics, enemas, or other medications; fasting; or excessive exercise. Similar to AN,
patients with BN are overly influenced by body weight
and shape. Unlike patients with AN, patients with BN
can be normal weight, overweight, or underweight.
BN is associated with a variable course, with many
patients achieving a good outcome and others having
a chronic and relapsing course.20–24 Outcome studies
in patients with BN report a mortality rate ranging
from 0–1.1% and this varies with duration of followup.13,20,21,23 The binge/purge symptoms of BN can
result in medical complications as well as impairment
in social, school, and work functioning.3,13,20–24 BN is
also associated with higher rates of co-morbid psychiatric disorders and substance abuse.20–25

diagnostic criterion for children and adolescents is a
matter of great debate.9,38 The absence of menstrual
periods in early puberty and the physiologic irregular
menstrual periods that normally occur after menarche,
limit the application of this criterion in adolescents.9 As
well, there is a proportion of females who demonstrate
all the signs and symptoms of AN, but continue to
menstruate despite being severely undernourished and
of low weight.38
Despite this ongoing debate, amenorrhea currently
exists as part of the diagnostic criteria. Of significance,
the onset of an eating disorder before, during, or after
puberty can result in primary or secondary amenorrhea or oligomenorrhea.

Eating Disorder Not Otherwise Specified
The prevalence of eating disorder not otherwise
specified (EDNOS) is less clear than that of AN and
BN because of the heterogeneity of clinically significant eating disorders that fall into this category. EDNOS covers a range of clinically significant disordered
eating behaviors (TABLE 1), including those that meet
some, but not all the criteria for AN or BN, those that
have atypical clinical features of AN and BN, and those
that have binge-eating disorder. Because of the heterogeneity among patients diagnosed with EDNOS,
up to 50–60% of children, adolescents, and young
adults with eating disorders will fall into this diagnostic
category.8,26–29
To date, there are no long-term outcome studies of
adolescents or adults diagnosed with EDNOS. As a
result, rates of mortality and morbidity in this group
are largely unknown. Studies of adults with a diagnosis of EDNOS have shown that the psychopathology
and degree of psychosocial impairment in this population closely resembles that of adults with AN and
BN.26–28,30 The reports of EDNOS are primarily focused on older adolescents and adults. Therefore, these
findings cannot be generalized to all adolescents with
EDNOS.

Eating Disorders and Menstrual
Dysfunction
Amenorrhea is one of the four diagnostic criteria of
AN.7 However, many patients with BN and EDNOS
also experience amenorrhea or oligomenorrhea.6,31–37
Whether or not amenorrhea should be included as a

Anorexia Nervosa
Amenorrhea associated with AN is thought to be
secondary to hypothalamic dysfunction. The cause is
unclear, but is associated with multiple factors including weight loss, decreased body fat, hypoleptinemia,
abnormal eating attitudes and behaviors, exercise, and
psychological stressors. These factors will be discussed
in further detail below.

Hypothalamic-Pituitary-Ovarian Axis
Adolescents with AN have hypothalamic hypogonadism with impaired gonadotropin-releasing hormone (GnRH) secretion by the hypothalamus and low
serum levels of luteinizing hormone (LH), follicularstimulating hormone (FSH), and estradiol.39–41 During healthy pubertal development, LH levels show
a typical pattern of progression from prepuberty to
adulthood.42 Prepubertal children have low levels of
LH, with minimal variation during the day and night.
With the onset of puberty, there is an increase in LH
secretion by the pituitary gland during sleep. As puberty progresses, LH secretion occurs both day and
night, with LH secretion remaining greatest at night.
By adulthood, there is episodic LH secretion of equal
frequency and amplitude that occurs during waking
and sleeping (FIG. 1). Reports have shown that adolescents with AN display a prepubertal or early pubertal pulsatile secretion pattern of LH. Boyar et al.43
demonstrated age-inappropriate 24-hour LH secretion patterns in females ages 17 to 23 years with AN
and primary or secondary amenorrhea (FIGS. 2 and
3). These findings suggest that females with AN have
a regression of the hypothalamic-pituitary-ovarian
axis, with an associated arrest in normal menstrual
functioning.

Menstrual Function and Body Weight
The growing literature on the return of menstrual
function in females with AN helps to explain in part
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FIGURE 1. Progression of LH secretion pattern from
prepuberty to adulthood. (From Ref. 42. Reprinted by
permission.)

the relationship between the amenorrhea of AN and
body weight. When reviewing this literature, it is important to keep in mind that the definition of “ideal
body weight” (IBW) differs widely across studies, making the results difficult to compare.
Golden et al.44 measured body weight, percent body
fat using skinfold measurements, and serum LH, FSH
and estradiol levels at baseline and every three months
until return of menses in a cohort of adolescent girls
with AN and secondary amenorrhea. Return of menses
occurred at 90% of IBW (defined as the median weight
for height and age using National Center for Health
Statistics tables) in 86% of adolescents within 6 months
of achieving this weight. The group reported that adolescents with secondary amenorrhea needed to be at
a weight that was 2.05 kg greater than the weight at
which they lost their menstrual period for menstruation
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to resume. The return of menses was also associated
with a serum estradiol >110 pmol/L. Finally, there was
no significant difference in body weight, body mass index (BMI), and % body fat between patients who had a
return of menstrual function with those who did not. A
retrospective study by Shomento and Kreipe45 found
similar results, with the return of menses occurring at
92% of IBW.
Swenne46 demonstrated that the return of menses
was achieved when patients reached a weight consistent with their prepubertal growth trajectory. This
group suggested that target weight should be based
on a patient’s individual pre-illness growth curve percentile (i.e., their inborn genetic potential) as opposed
to population norms of weight for height since there
are a proportion of adolescent females who need to
achieve a weight or BMI above the population average
in order to menstruate.
The use of pelvic ultrasound has been useful in determining the return of menstrual function. In underweight and hypoestrogenemic adolescents with AN,
the ovaries are small and amorphous, and the uterus
regressed to a prepubertal size with a very thin or undetectable endometrium. As adolescents with AN gain
weight, the ovaries develop small multifollicular cysts
and the uterus increases in size.47 Return to normal
menstrual function correlates with the appearance of
a dominant ovarian follicle and ovarian and uterine
maturity. In one study, the dominant ovarian follicle
correlated with premorbid weight, not simply BMI.48
In another study, ovarian and uterine maturity was
associated with return of menses within 12 months
in 50% of adolescents with AN who reached 96.5%
of their IBW.49 Key et al.50 showed that 88% of
adolescents with AN required a weight-to-height ratio of 100% (BMI = 20), as determined by Tanner–
Whitehouse British Standards, to achieve reproductive
maturity on pelvic ultrasound. In this study, only 11%
of patients attained ovarian and uterine maturity at
90% IBW. The authors suggest that aiming for weight
gain to 90% of IBW in adolescents with AN will result
in a significant percent who will remain amenorrheic
or not achieve full reproductive maturity. Therefore,
persistent amenorrhea may reflect the fact that an adolescent with AN is not truly “weight recovered” despite
being at a weight within the normal range for their age
and height.

Menstrual Function and Fat Mass
In an early study examining amenorrhea in adolescent females with AN, Frisch and McArthur51 proposed the critical weight or fat mass hypothesis for
the onset of menarche or resumption of menses. The
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FIGURE 2. Immature 24-hour LH secretion pattern in a 20-year-old female with AN and primary
amenorrhea. The pattern is characteristic of premenarche, suggesting an arrest in menstrual functioning.
c 1974 Massachusetts Medical Society. All rights reserved.)
(From Ref. 43. Copyright 

FIGURE 3. Immature 24-hour LH secretion pattern in a 21-year-old female with AN and secondary
amenorrhea. The pattern shows regression to a prepubertal pattern, with low levels of LH and no pulsatility.
c 1974 Massachusetts Medical Society. All rights reserved.)
(From Ref. 43. Copyright 

authors suggested that the minimum or threshold
weight for height for menarche is at approximately
17% fat as a percentage of body weight. Additionally,
the authors reported that an average of 26–28% fat as
a percentage of body weight is achieved at the completion of normal growth and that a minimum weight
representing 22% body fat is required for the maintenance or resumption of menses in females greater than
16 years of age.
More recently, Misra et al.52 demonstrated that high
baseline cortisol levels predict increases in body fat
and that increases in body fat predicted recovery
of menses in adolescents with AN. When mensesrecovered young women with AN were compared both

with those who had not recovered their menses and
with controls, menses-recovered women had higher
baseline cortisol levels and greater increases in leptin than did controls and greater increases in fat mass
than women not menses-recovered and controls. In a
logistic regression model, increasing fat mass predicted
menstrual recovery and baseline cortisol levels strongly
predicted increases in the percentage of body fat.52
The reasons for preservation of menstrual function
in some very underweight patients are unclear. Miller
et al.53 studied 116 underweight young adult women
in their 20s. Seventy-four of the subjects met all the
criteria for AN, while the remaining 42 subjects met
all criteria for AN except for amenorrhea. The two
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groups did not differ in percent IBW (determined by
the 1959 Metropolitan Life Tables), BMI, duration of
AN, age at menarche, and hours per week of exercise.
However, the menstruating group had a significantly
different body composition with a higher fat mass, visceral fat mass, and percent body fat. This study suggested that relative sparing of fat mass in the face of
severe malnourishment may be critical to the preservation of menstrual function. In addition, menstruating
patients were also found to have higher levels of leptin and insulin-like growth factor I (IGF-I), which are
discussed in greater detail in the next section.

Menstrual Function and Leptin
Low levels of the hormone leptin may contribute
to the hypogonadism of starvation. Leptin is a protein
hormone secreted by adipocytes that is involved in energy homeostasis. Leptin levels are thought to represent the fat stores in the body54 and are a major trigger
hormone for the adaptation to starvation.55 Leptin levels have been found to be lower in patients with AN
compared with controls.56 Leptin has also been shown
to predict fat mass and eating-disordered behavior in
both malnourished patients with AN as well as during the process of recovery.57–59 Additionally, there is
increasing evidence that leptin plays a critical role in
reproduction. Hypoleptinemia is associated with reduced levels of LH and estradiol and may also act
directly at the level of the pituitary gland and ovary
where leptin receptors are present.60 A leptin level less
than 2 μg/L has been proposed as the critical threshold value for amenorrhea.60,61 In a comparison of 43
underweight females and 63 females with either AN
or BN, only leptin predicted a lifetime occurrence of
amenorrhea, whereas BMI, fat mass, and percent body
fat did not predict the lifetime occurrence of amenorrhea.61 Fasting leads to decreased leptin levels before
the onset of weight loss and may explain why, in some
patients, amenorrhea occurs before the onset of weight
loss.
Exogenous administration of recombinant human
leptin has been shown to improve reproductive function in women with hypothalamic amenorrhea. Welt
et al.62 administered twice-daily recombinant human
leptin over 3 months to eight women with hypothalamic amenorrhea due to strenuous exercise or low
weight (within 15% IBW) who did not have active eating disorders. These subjects were compared to six
controls with hypothalamic amenorrhea who did not
receive recombinant human leptin. Treatment with
recombinant human leptin increased mean LH levels and LH pulse frequency and increased maximal
follicular diameter, the number of dominant follicles,
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ovarian volume and estradiol levels. Three of these
patients achieved an ovulatory menstrual cycle, which
was higher than the expected rate of spontaneous ovulation of 10 percent.
Like other factors, the return of normal leptin levels is not in and of itself sufficient for the return of
normal menstrual function. Leptin, like most neuroendocrine hormones, works in concert with other factors
contributing to the menstrual dysfunction observed in
patients with AN. This is underscored by work that
has shown that both eumenorrheic and amenorrheic
weight-recovered patients with AN have both similar
and normal leptin levels; however, those with amenorrhea have low estradiol and growth hormone (GH)
levels.63 Since low levels of leptin are correlated with
low levels of IGF-I in women with AN, it may be that
collectively nutritional status, levels of IGF-I, and levels of leptin contribute to menstrual dysfunction in AN.
The exact role of leptin action in the pathophysiology
of the menstrual function and AN needs to be further
elucidated.

Menstrual Function and Disordered Eating
In as many as two-thirds of patients with AN, absence of menses precedes significant weight loss.64,65
This suggests that factors other than significant weight
loss contribute to the amenorrhea of AN. For instance,
in many young women with AN, disordered eating
behaviors, particularly caloric restriction, precede the
attainment of low weight. The effect of disordered eating on the menstrual cycle has been investigated. Two
groups investigated the effect of caloric restriction on
LH and GnRH in the menstrual cycle in women who
did not have an eating disorder.66,67 Loucks et al.66 used
hormone assay analyses to examine the effects of exercise and disordered eating on serum hormone levels.
Their results indicate that low serum LH in exercising women is caused by low energy availability rather
than by exercise. Similarly, Warren and Perlroth67 reported that the primary cause of GnRH suppression
in athletes is caloric restriction.
These conclusions are further supported by work
done in woman with functional hypothalamic amenorrhea (FHA). Marcus et al.68 conducted a study to determine whether disordered eating distinguished women
with FHA from those with organic causes of amenorrhea and eumenorrheic controls. Women with FHA
reported significantly more symptoms of disordered
eating than did either eumenorrheic women or women
with organic amenorrhea. Schneider et al.69 also looked
at FHA and its relationship with grehlin, a hormone
secreted by the stomach in response to hunger, and
disordered eating. They found that both ghrelin and
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eating behaviors (as measured by the Eating Attitudes
Test) were significantly elevated in FHA, even in light
of normal caloric intake. They proposed that ghrelin
acts as a restraining metabolic signal preventing the return of regular menses in women with both disordered
eating and FHA.

depression, anxiety, and stress are associated with increased cortisol secretion and resistance to the negative feedback of cortisol on cortisol-releasing hormone
(CRH), resulting in inhibition of GnRH secretion.78
When depression, anxiety, or stress occur concurrently
with an eating disorder, the effect of weight loss on
the hypothalamic-pituitary-gonadal (HPG) axis may
be compounded and contribute to amenorrhea.78

Menstrual Function and Exercise
Excessive exercise is commonly seen in patients with
AN.70,71 Excessive exercise in non–eating-disordered
athletes has been associated with menstrual irregularities. Exercise-induced amenorrhea has an incidence
of 5 to 25%, depending on the type and level of activity, and is due to hypothalamic dysfunction associated with a decrease in pulse frequency of GnRH,
with ensuing low levels of LH, FSH, and estradiol.72
When combined with malnutrition and weight loss,
exercise increases the likelihood of amenorrhea developing sooner and for a longer time. Litt and Glader73
compared exercising and sedentary females with AN
and found that exercisers with AN had a greater degree
of menstrual dysfunction and took longer to resume
menses following weight gain.
The female athlete triad is defined as the combination of disordered eating, amenorrhea, and osteoporosis. This is reviewed in greater detail in the chapter by
Golden and Carlson in this volume. The female athlete triad is caused by an imbalance between energy
intake and energy expenditure.66,67 This in turn stimulates compensatory mechanisms, such as weight loss
or energy conservation, subsequently causing a central
suppression of reproductive function and concomitant
hypoestrogenism.

Menstrual Function and Psychological Stressors
As mentioned previously, menstrual dysfunction in
adolescents with eating disorders is a complex phenomenon. Persistent amenorrhea may reflect the fact
that young people with AN are not actually “weight
recovered” or that weight may not be the sole factor
contributing to the amenorrhea. For instance, psychological recovery has been shown to be an important
feature contributing to resumption of menses in AN.
One study followed a cohort of women for one year
post treatment for AN.74 Those patients who were
weight-recovered but amenorrheic tended to have eating attitudes and behaviors consistent with AN. For example, these young women restricted their fat intake,
were preoccupied with food and a thin ideal body, had
fears of becoming fat, and had a distorted body image
to a greater extent than those with return of menses.
In addition, affective and/or anxiety disorders occur
in 33–73% of young women with AN.25,75–77 Major

Bulimia Nervosa
Women with BN can experience abnormalities in
menstrual function. Unfortunately, the effect of BN
on menstrual function is not well studied in adolescents.79 Menstrual dysfunction and oligomenorrhea
occur in approximately half of women with BN (range
37–64%), while amenorrhea occurs in 5–40%.6,31–37
In women with BN who have a prior history of AN,
the prevalence of secondary amenorrhea is as high as
77%.6 Menstrual dysfunction in women with BN has
been associated with lifetime minimum BMI, a history
of weight loss or AN, low caloric and dietary fat intake, high frequency of vomiting, binge eating, use of
appetite suppressants, exercise frequency, and low thyroxin concentrations.6,36,80 Perpetuation of menstrual
dysfunction in women treated for BN has been associated with fluctuations in body weight, depression,
and cigarette smoking, suggesting that these may act
as ongoing metabolic stressors leading to menstrual
dysfunction.36
Menstrual dysfunction in BN is associated with
disruption of the HPG axis. Some normal-weight
women with BN have low LH and FSH levels,
low estradiol, and reduced 24-hour LH secretion
patterns.34,80–85
There is also an association between BN and polycystic ovary syndrome (PCOS) which may contribute
to the menstrual dysfunction observed in woman with
BN. The prevalence of PCOS in BN has been reported
to be as high as 76–100% when only ovarian morphology is examined using ultrasound.86–88 However, the
prevalence of PCOS was 16.6% among young adult
women with BN compared to 5–10% in the general
population when clinical features, biochemical markers and ovarian morphology were all used to establish
a diagnosis of PCOS.85 Finally, patients with PCOS
have been shown to have a high prevalence of BN.89,90
The mechanism(s) for the association between BN and
PCOS is unknown. Naessen et al.85 have proposed
that PCOS in the context of BN may be secondary to
(1) disordered eating behaviors, such as binge eating,
which may lead to abnormal insulin-induced increases
in androgen concentrations or (2) that the hyperandrogenism of PCOS predisposes to the development
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of bulimic behavior by stimulating appetite, impairing
impulse control, or causing irritability and depression.

Complications of Menstrual
Dysfunction
Menstrual dysfunction in adolescents with eating
disorders can have far-reaching effects and exert a
significant impact on growth and pubertal development, peak bone mass acquisition, and cognitive function. These complications may not be completely reversible.

Growth and Pubertal Development
Eating disorders often present with the onset of puberty, when normal changes in body composition may
combine with the developmental challenges of adolescence to produce body image disturbance. The resulting malnutrition may result in pubertal delay or
arrest.91,92 Pubertal delay is a common finding in adolescents who develop AN prior to the completion of
puberty. Seventeen percent of adolescents with AN of
the restricting type have sexual maturity ratings that
were 2 standard deviations below the mean for age.91
Of particular concern is the effect that eating disorders can have on achievement of normal menarche.
Misra et al.93 found that of the female adolescents who
had AN and had not attained menarche, 94% were
above the mean age at menarche (12.8 years) for white
girls in the United States and 35% were delayed more
than 2 standard deviations (>15.3 years). In those who
had attained menarche, 32% had menarche at an age
greater than the mean age of menarche.93 Others have
also found the age of menarche to be delayed in females
with early-onset AN compared to healthy adolescent
females.92
Impairment of linear growth and permanent short
stature occur in some adolescents with eating disorders.5 During normal puberty, estrogen levels increase
simultaneously with increases in GH and IGF-I. Both
estrogen and IGF-I are bone-trophic hormones that
stimulate longitudinal bone growth. Regulation of longitudinal bone growth is likely due to a complex interplay between estrogen, other hormones, and the
GH-IGF axis.94 Levels of estrogen and IGF-I are low
in adolescents with AN, which may contribute to alterations in linear growth.93,95

Peak Bone Mass
Peak bone mass acquisition occurs during adolescence.5 The development of an eating disorder during
adolescence can result in failure to acquire peak bone
mass and result in low bone mineral density with a potential increased risk for fractures.96 Failure to acquire

peak bone mass is related to the menstrual disturbances
that occur in eating disorders and is discussed in more
detail in the chapter by Dr. Misra in this volume.

Cognitive Function
Brain development involves increases in total white
and occipital gray-matter volumes from ages 4 to
20 years in healthy children and adolescents, while
temporal gray-matter volumes increases in childhood and adolescence, reaching a maximum at age
16.7 years and then declines.97,98 Research on brain
changes in AN suggests that the development of an
eating disorder during this critical developmental period may cause structural and functional changes that
may or may not be reversible.99–104 MRI studies99 have
demonstrated increased cerebrospinal fluid (CSF) volumes associated with decreased total gray- and total
white-matter volumes in adolescent females with AN
compared to healthy controls. In a cross-sectional and
longitudinal follow-up study,105 patients who had recovered from AN showed persistent increases in CSF
volume and deficits in gray matter compared to healthy
controls; however, these values were both improved
when compared to values in low-weight patients with
AN. In a long-term follow-up study of brain structure and cognitive function, women with adolescentonset AN had larger lateral and third ventricles and
showed cognitive deficits over a broad range of neuropsychological domains. Both weight recovery and
cortisol were important modifiers of the structural
brain changes. However, the women that remained
amenorrheic had deficits in cognitive function across
a variety of domains, including recall, verbal memory, working memory, visual reproduction, reading,
math, and oral language.106 Low circulating levels of
estrogen have been shown to have an adverse impact on cognition in postmenopausal women, surgically menopausal women, and women with premature
ovarian failure and Turner syndrome.107–109 The relationship between amenorrhea and cognition in AN
has yet to be fully elucidated.

Conclusions
Menstrual dysfunction is a common feature of all
types of eating disorders.6 The etiology of menstrual
dysfunction in adolescents with eating disorders is multifaceted and the result of a complex interplay of many
factors including body weight, body fat, leptin and
other hormones, eating attitudes and behaviors, exercise, and psychological stressors. This is further complicated by the fact that eating disorders are common
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among adolescent girls, a time of profound physical and
mental growth and development. The significance of
menstrual dysfunction in adolescents with eating disorders is particularly important when considering its
impact on linear growth, pubertal development, bone
mineral accretion, and cognitive functioning.
Research on menstrual dysfunction in eating disorders has produced a base of knowledge, albeit one
with major gaps. Most of the research on menstrual
function and eating disorders has focused on adults,
and the findings may not apply to younger individuals.
Thus, the research agenda for menstrual function and
eating disorders among adolescents is vast.
Further study of the many factors that influence
menarche and menstruation is needed. The identification of clinically useful biological markers to predict
menarche and return of menstrual function is critical
in the treatment and prevention of significant morbidity in this population. Menstrual dysfunction in adolescents with eating disorders has far reaching effects.
Future research in patients with AN will help us appreciate the impact of estrogen on cognition and this
may have important implications for understanding
the treatment and prognosis of AN. Finally, research on
the causes of menstrual dysfunction in adolescents with
eating disorders will provide researchers and clinicians
with a clearer understanding of the physical and psychological implications that these disorders can have
on the adolescent’s overall health.
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