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Gr   upSM
Menstrual Dysfunction and Eating Disorders: 
An Overview of the Mechanisms Involved in 

the Pathogenesis

ABSTRACT
Menstrual dysfunction is a common correlate across women with Eating Disorders. The 

onset of Eating Disorders commonly occurs during adolescence and it can lead to severe medical 
complications, such as pubertal delay, deficits in peak bone mass acquisition, altered physical 
and cognitive development. The pathogenesis of menstrual dysfunction in Eating Disorders is 
complicated and involves several factors such as hypothalamic-pituitary-ovarian axis impairment, 
low body fat, hypoleptinemia, increase of androgen levels, abnormal eating behaviors, physical 
exercise and psychological stressors. This chapter aims to provide a clinical overview of the 
several pathogenetic mechanisms underlying menstrual dysfunction.
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INTRODUCTION
Eating Disorders (ED) are characterized by high rates of relapse and a chronic course which 

may lead to severe consequences for women’s well-being [1].

Most of the ED falls into one of following three categories: Anorexia Nervosa (AN), Bulimia 
Nervosa (BN), Binge Eating Disorder (BED). AN is characterized by restriction of energy intake 
leading to a significantly low body weight, fear of fatness, body weight and shape disturbances; BN 
is defined by recurrent episodes of binge eating followed by compensatory behaviors such as self-
induced vomiting, misuse of laxatives, diuretics, fasting or over-exercise in order to prevent gain 
weight. Finally, individuals with BED usually are engaged in binge eating without compensatory 
behaviors [2].

Menstrual dysfunction occurs in all types of ED psychopathology. The mechanisms underlying 
menstrual dysfunction are complicated and involve several factors such as weight loss, physical 
exercise, hormones, low body fat, hypoleptinemia, increase of androgen levels, abnormal eating 
behaviors, and psychological stressors. These mechanisms will be examined more in detail below.

MENSTRUAL DYSFUNCTION AND ANOREXIA NERVOSA (AN)
Amenorrhea is the most frequent menstrual dysfunction occurring in AN and one of its 

necessary diagnostic criteria in DSM IV.

Amenorrhea is defined as the absence of menstrual periods in a woman of reproductive age. 
Primary amenorrhea is diagnosed when menarche does not occur or it does so after 16 years of 
age [3,4]. According to DSM IV, secondary amenorrhea is defined as “the absence of at least three 
consecutive menstrual cycles”. In addition, DSM-IV specifies that ‘‘a woman is considered to have 
amenorrhea if her periods occur only following hormone-replacement therapy, e.g., estrogen 
administration’’ [5].

The clinical usefulness of this criterion has been questioned for many years [6,7]. The first 
concern was that a diagnosis of Eating Disorder Not Otherwise Specified (EDNOS) in patients who 
met all of the AN criteria but amenorrhea could give to patients the false impression of not having 
a problem of clinical severity. Other concerns raised related to: (i) the difficulties in diagnosing 
women taking anticonceptional therapies, (ii) the non-applicability to males and (iii) the lack 
of treatment reimbursement from insurance companies or National Health Care System for an 
EDNOS diagnosis [8].

Although amenorrhea is no longer a necessary diagnostic criterion for the definition of AN in 
DSM-5, it is beyond doubt that menstrual dysfunction is frequently observed in patients with ED.

Menstrual dysfunction pathophysiology is commonly believed to be due to weight loss leading 
to hypothalamic impairment, particularly to Luteinizing Hormone (LH) secretory patterns [9]. 
Women with AN have decreased Gonadotropin-Releasing Hormone (GnRH) secreted by the 
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hypothalamus, low serum concentrations of Luteinizing Hormone (LH), Follicular- Stimulating 
Hormone (FSH), and estradiol. LH secretion patterns increase from childhood to adulthood: 
while in the pre-pubertal period LH secretion is constantly low during day and night, as puberty 
advances LH secretion increases, occurring both day and night and remaining high during night. 
By adulthood, LH secretion becomes episodic arising during waking and sleeping [2]. In an early 
study, Boyar et al. analyzed 24 hours-LH secretion in nine women with AN aged between 17 and 
23 years old. They found that eight out of nine women presented age-inappropriate patterns 
similar to those of pre-pubertal or pubertal children. This suggests that AN causes substantial 
impairment resulting in a regression (in patients with secondary amenorrhea) or an arrest (in 
those with primary amenorrhea) of Hypothalamic-Pituitary-Ovarian axis [10].

Frisch et al. investigated the percentage of fat mass necessary for the onset and resumption of 
menses. They found that a minimum of 17% of fat out of the total body weight is required to have 
menses that 26-28% is the percentage of fat achieved at the end of the normal growth and 22% of 
body fat is required in order to maintain or resume menses [11].

These results were confirmed years later in a study aimed at understanding why some women 
who met criteria for AN amenorrhea maintained their menses despite their low weight. They 
found that patients with eumenorrhea had higher fat mass percentage and higher leptin levels 
compared to the amenorrhoeic counterparts with similar weight [12]. Therefore fat mass and 
consequently leptin secretion seem to be important for the maintenance of menstruation in 
severely emaciated women. 

A study comparing menses-recovered patients, patients who had not recovered their periods, 
and healthy controls found that menses-recovered AN individuals had higher baseline cortisol 
levels and significantly higher increases in fat mass than amenorrhoic patients and controls. 
Moreover, high baseline cortisol level strongly predicted an increase in body fat percentage and 
that increase in body fat predicted menses recovery in patients with AN [13].

Furthermore, depression and anxiety symptoms often comorbid with AN [14], may also be 
responsible for increasing cortisol levels, condition that can lead to an inhibition of cortisol-
releasing hormone with a subsequent inhibition of GNRH secretion [15]. When depression and 
anxiety are concurrent with weight loss, they can have an additive impact on hypothalamic-
pituitary-gonadal axis contributing to amenorrhea. 

Leptin is a hormone secreted by adipocytes implicated in the pathogenesis of amenorrhea. 
Compared to healthy controls, AN have been found to have lower leptin levels, possibly due to 
their lower fat mass [16]. In a study looking at the role of leptin on ED psychopathology and 
reproductive functions, the authors found a statistically significant association between leptin 
levels, body fat mass, eating behavior score and menstrual status score. These findings suggest 
that leptin levels may have a role in counteracting the effects of bingeing behaviors and in 
reproductive functions and they seem to predict fat mass in patients with ED [17]. Since leptin 
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modulates LH and estradiol secretion and it is particularly implicated in regulating LH nocturnal 
secretion during mid-late follicular phase, reduced leptin secretion leads to impairments in 
hypothalamic-pituitary-ovarian function [18].

Patients with AN and underweight healthy individuals have leptin levels respectively below 
and above 2 µg/l suggesting this to be a critical threshold for the maintenance of menses [19]. An 
increase of leptin levels and consequently of the gonadotropin are not enough to rapidly resume 
menstruation and evidence exists suggesting a more complex pathophysiology. In fact it has been 
reported that in two-third of patients with AN amenorrhea precedes weight loss and endures 
in recovered patients [20]. Compared to remenorrhoic patients, weight-recovered amenorrhoic 
patients report low LH concentrations and reduced LH pulse frequency, absence of a mature 
secretory pattern and lower plasma estradiol levels [21,22]. Nevertheless, to date the reasons 
why some weight-recovered patients are still amenorrhoic and have such endocrinological 
alteration, while others normally resume regular periods and normal endocrine functions are 
unexplained. Some studies hypothesize a role of psychopathological factors in the maintenance 
of amenorrhea in weight-recovered patients. The presence of anorexia-related symptoms 
in these individuals including body shape and inner stimuli disturbances, impaired sense of 
well-being and compromised sexual behaviors [22] but also fear of fatness, drive for thinness, 
body dissatisfaction, ineffectiveness and interpersonal distrust [21] could affect patterns of 
menstruation. The persistence of some psychopathological aspects and subsequent eating 
attitudes and behaviors, consistent with AN in weight-recovered patients might predict relapses 
and suggest that factors other than malnutrition are involved in the maintenance of amenorrhea. 

Excessive physical exercise is frequently observed in individuals with AN [23]. It is 
demonstrated that over-exercising is also associated with menstrual dysfunction in healthy 
athletes. The hypothesised pathophysiological mechanism is a hypothalamic dysfunction leading 
to a decreased pulse frequency of GNRH and consequently to reduced LH, Follicle-Stimulating 
Hormone (FSH) and estradiol secretion [24]. Lower gonadotropin levels, longer period of 
amenorrhea and a longer period to have their normal menses resumed have been documented 
in exercising anorectic patients compared to inactive ones [25] suggesting that over-exercising 
increases the likelihood of amenorrhea development in an already undernourished individual.

A recent study also showed dieting to be associated with secondary amenorrhea regardless ED 
diagnoses [26]. This association was previously highlighted in a non-ED clinical population [27]. 
Dieting could determine absolute weight loss and decrease of fat mass contributing to impairments 
in hypothalamic-pituitary-ovarian function and in turn, leading to menstrual dysfunction.

Treasure et al., in an early study conducted in 1985 firstly described the changes in the 
ultrasonographic appearance of ovaries in women with AN during weight gain [28]. In the 
anorectic phase there seems to have a regression of hypothalamic-pituitary-gonadal function to 
a prepubertal stage. As long as the patients gain weight, there is a progression from amorphous 
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small ovaries to several small cysts from which one dominant cycts emerges leading to menses 
resumption. Weight restoration is therefore accompanied with a return to ovarian size to normal. 
These findings are confirmed in a more recent study [29] in which the authors found a positive 
correlation between increases in weight for height and BMI percentiles with the increases in 
grade of U/S appearance, being difficult to establish an arbitrary set weight due to individual 
variation. They concluded that pelvic U/S could be used to follow up changes in uterine and 
ovarian morphology as a function of weight gain.

In conclusion, whilst the hypothesis that amenorrhea is primarily due to low BMI or behavior 
influencing energy balance seems to be the most prevalent ones [8], the etiopathogenesis 
of amenorrhea in patients with AN could be more complexly related to multiple factors. It is 
commonly accepted that low BMI is a crucial mediator in the development of amenorrhea, but 
also the interplay between physical exercise, percentage of body fat, leptin levels, cortisol levels 
and comorbid symptoms could have an important role.

MENSTRUAL DYSFUNCTION, BULIMIA NERVOSA (BN) AND BINGE 
EATING DISORDER (BED)

Despite their normal weight, amenorrhea can occur in up to 40% of patients with BN [4] and 
it has a high prevalence in patients with BED [30]. Oligoamenorrhea, defined as irregular periods 
or spotting, occurs in 34% to 64% of women with binging behaviors [2]. Obesity, associated with 
up to a four-fold risk of menstrual dysfunction [31,32], is often comorbid with BED.

The relationship between obesity and menstrual dysfunction is complex, and androgen and 
estrogen alterations could have a role in its risk mechanisms. Sex Hormone Binding Globulin 
(SHBG), a protein carrier able to bind testosterone and estrogens with high affinity and lower 
affinity respectively, could also be implicated. Concentrations SHBG in the blood decrease as 
severity of obesity increases. Fat distribution also affects SHBG levels. Women who suffer from 
central adiposity have lower SHBG levels compared to females who have peripheral obesity 
[33]. Hence females with central obesity have a higher percentage of free testosterone fraction 
compared to those who have peripheral one. Adipose tissue has several endocrinological functions, 
including androgen production, inter-convertion of androgens into estrogens and viceversa, 
depending on the amount of fat [33]. The interplay between raised androgen production and 
reduced androgens binding to SHBG determines hyperandrogenism resulting in inhibition of 
follicular maturation and therefore an ovulation.

Hormones like insulin and insulin-like hormone factors have been shown to exert effects to 
an extent on reproductive events, such as ovarian steroidogenesis, folliculogenesis and ovulation 
physiology [34].

 Similar mechanisms are responsible for the development of menstrual dysfunction in patients 
with BN. Eating binges are commonly characterized by a large amount of fat and carbohydrates. 
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Recurrent binge eating may decrease glucose tolerance with a consequent increase in circulating 
insulin levels leading to a raised testosterone production [34]. Likewise SHBG, Insulin-like 
hormone factor and the consequent increased testosterone levels play a key pathogenic role in 
the development of menstrual dysfunction [30].

Menstrual dysfunctions in BN could also relate to impairment in the Hypotalamus-Pituitary-
Ovarian axis with a consequent low LH, FSH and estradiol levels [35]. Despite their normal weight, 
engaging in strict diet with the consequent sudden weight fluctuation typical of patients with BN 
can result in hormonal changes [35].

 Polycystic Ovary Syndrome (PCOS), which is marked by menstrual disruption, has been 
demonstrated to be strongly associated with binge behaviors [36]. PCOS is a condition 
characterized by cysts in the ovaries, oily skin or acne and hirsutism as result of elevated serum 
level of testosterone. It was supposed that high testosterone levels may determine appetite 
alteration and consequently promote binge behaviors by food craving and impulse control [37]. In 
favour of this assumption, the use of flutamide, a testosterone antagonist, has been demonstrated 
to improve bulimic symptoms 1 week after the beginning of the treatment [38]. Ovaric cysts were 
maintained during the early stage of recovery but they resolved completely when normal eating 
behaviors pattern has been restored in the long-term [39].

A high prevalence of polycystic ovarian morphology, ranging between 76 to 100%, has been 
found in patients with BN when only ovarian morphology is studied through ultrasound [39]. 
When the PCOS diagnosis is assessed using clinical features, serum bio-markers and ultrasound, 
the prevalence of PCOS is 16.6% compared to 5-10% of the general population [37]. 

Sbaragli et al. found that BED was more frequent in infertile females than in controls and in 
“functional” female infertility and in women with PCOS than in anatomic female infertility or in 
controls [40]. In addition, almost 25% of people with PCOS meet criteria for BED [41].

Recently, Algars et al. found that women who had a lifetime binge eating were more likely 
to report amenorrhea or oligomenorrhea compared to women who had never engaged in this 
behavior, after controlling for compensatory behaviors like self-vomiting, laxative use and 
diuretic use, meaning that the risk to have menstrual dysfunction is similar in BN and in BED 
regardless of compensatory behaviors [30].

Compensatory behaviors, like self-vomiting, have also been found to be associated to menstrual 
dysfunction.

In a large survey study conducted in adolescent females, Austin et al., found a strong association 
between vomiting frequency and menstrual irregularities. In particular, girls who vomited once 
to three times a month in order to control their weight were two times more likely and girls 
who vomited once a week or more often were three times and a half more likely to experience 
menstrual dysfunction compared to females who were not engaged in this behavior [42]. The 
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association between vomiting and irregular menses has yet to be clarified, although some 
plausible risk mechanisms have been hypothesized. Both binging and vomiting have been found 
to be associated to a raised insulin secretion [43] which may mediate even hyperandrogenism 
in patients with BN, as explained above. Furthermore an association between menstrual 
irregularities, vomiting, opioids and dopamine activity was found. The emesis center is located in 
the medulla and works as a chemoreceptor trigger zone in the postrema area that is characterized 
by high-density opioids and dopamine receptors [42]. Increased opioids and dopamine activity is 
known to be involved in menstrual dysfunction [44] and a high frequency of vomiting may alter 
menstrual function by an increased opioids and dopamine release [45].

Although menstrual dysfunction seems to be a common problem in women suffering from BN or 
BED, research on why some females develop menstrual disturbances rather than others has been 
inconclusive. To date, many factors have been suggested to be involved in the physiopathogenesis 
of menstrual dysfunction however further research is needed in order to better understand these 
relationships.

COMPLICATIONS OF MENSTRUAL DYSFUNCTION
Several complications, in some cases not reversible, can accompany long-term menstrual 

dysfunction. Since the ED onset commonly occurs during adolescence, menstrual dysfunction can 
affect growth, peak bone mass acquisition, physical and cognitive development.

First of all, pubertal delay is quite common in patients with early AN onset [2]. In particular, 
Palla et al. found out that 17% of young female with AN had sexual maturity ratings that were 
2 standard deviations below the mean for age [46]. Accordingly, Misra et al. found that 94% 
of premenarchal girls with AN versus 28% of premenarchal control subjects were above the 
mean age at menarche for white girls, and 35% of premenarchal AN girls versus 0% of healthy 
adolescents were delayed >2 standard deviations above the mean. In adolescent females who had 
attained menarche, 32% had menarche at an age greater than the mean age of menarche [47].

Also impaired growth trajectories have been found frequently in people with AN, possible 
due to a lack of estrogen secretion, which along with Growth Hormone (GH) and IGF-1, are 
fundamental for the normal development of bones [48].

In fact, another consequence of the low estrogen levels during adolescence is the failure in 
acquiring the peak bone mass [48]. Adolescents with AN have significantly decreased rates of 
bone accrual compared with controls [49], and these alterations may be permanent. Women with 
AN who develop AN during the adolescent years tend to have lower bone density than those who 
develop this condition in adult life, despite a similar duration of amenorrhea [50].

This might be explained by the strong anti-resorptive effect of estrogen which modulates 
the activity of certain cytokines with the aim of stimulating osteoblasts activity and of inhibiting 
osteoclasts one [51]. Bachrach et al. found that in a group of 18 patients with amenorrhea aged 
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between 12 and 20 years old, 12 had bone density superior than 2 standard deviations less than 
normal values for age. Most of the girls had received an AN diagnosis less than a year earlier [52]. 
This finding suggests that great deficits of bone mass are seen in young females with AN, even at 
the onset, as a results of amenorrhea.

AN has a profoundly deleterious effect on both cortical and trabecular bone compartments. 
Adolescent girls with AN were shown to have reductions in cortical thickness and cortical area, 
increased cortical porosity and decreased trabecular thickness compared with normal-weight 
controls [53]. Similarly, adult women with AN have reductions in trabecular number and thickness 
with increased trabecular separation [54,55].

Consistently with these studies, an increased fracture risk has been reported in both adults 
and adolescents with AN [56]. Recovery from AN is important in improving bone health. In adults 
with AN, studies have shown increases in bone density following weight gain and/or menstrual 
recovery [57].

On the other hand, oligomenorrhea appears not to have a strong impact on bone density in 
patients with BN [58]. 

Conflicting evidence exists in literature concerning fertility and reproductive health. 
Patients with ED are often able to conceive despite their severe menstrual dysfunction [59,60]. 
Nevertheless recent evidence suggest that lifetime ED is associated with fertility problems, 
unplanned pregnancies and negative attitude to pregnancy [61]. A recent study conducted in a 
large cohort of females suffering from ED have demonstrated that women with BN have a higher 
risk of induced abortion compared to controls while females with BED have a higher risk of 
miscarriage [59]. This means that to a certain extent menstrual dysfunction can severely affect 
reproductive health and infertility.

Lastly, menstrual dysfunction in adolescents with an ED can exert a significant impact on 
cognitive function. Research on brain changes in AN suggests that the development of an ED 
during childhood or adolescence may cause structural and functional alterations. It’s still not 
certain whether these abnormalities are reversible or not [2].

Structural neuroimaging has shown increased Cerebrospinal Fluid (CSF) volumes associated 
with decreased total gray- and total white-matter volumes in adolescent females with AN. Weight-
recovered patients showed persistent increase in CSF volumes and gray matter volume deficits 
compared to healthy controls [62].

Consistently, women with adolescent-onset AN were found to have larger lateral and third 
ventricles and showed a broad range of neuropsychological deficits compared with healthy control 
subjects. Both weight recovery and normalization of the cortisol levels were associated with the 
reversal of the structural brain abnormalities. However, women with persistent amenorrhea or 
menstrual irregularity showed cognitive function deficits in all tested domains, including recall, 
verbal memory, working memory, visual reproduction, reading, math, and oral language [63].
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CONCLUSION
In conclusion, varying levels of menstrual dysfunction are present across all forms of eating 

psychopathology with different and complex mechanisms. Since the onset of ED occurs during 
adolescence, menstrual disturbances can be associated with permanent impairment in several 
body functions with consequent severe disabilities.

The clinical importance to assess menstrual dysfunction in patients who have a diagnosis other 
than AN is often overlooked. Therefore the importance of reproductive and endocrinological 
health counselling should be emphasized as well as periodical monitoring in patients with current 
or former ED in order to reduce the risk of fracture and unfavourable reproductive outcomes. 
Lastly, General Practitioners and gynaecologists should routinely assess for ED women presenting 
with menstrual dysfunction. Specific questions about ED should be required in order to detect 
dysfunctions early and to avoid severe complications.

References
1.	 Mander J, Teufel M, Keifenheim K, Zipfel S, Giel KE. Stages of change, treatment outcome and therapeutic alliance in adult 

inpatients with chronic anorexia nervosa. BMC Psychiatry. 2013; 13: 111.

2.	 Vyver E, Steinegger C, Katzman DK. Eating disorders and menstrual dysfunction in adolescents. Ann N Y Acad Sci. 2008; 1135: 
253-264.

3.	 Baker JH, Sisk CL, Thornton LM, Brandt H, Crawford S, Fichter MM, et al. Primary amenorrhea in anorexia nervosa: impact on 
characteristic masculine and feminine traits. Eur Eat Disord Rev. 2014; 22: 32-38.

4.	 Poyastro Pinheiro A, Thornton LM, Plotonicov KH, Tozzi F, Klump KL, Berrettini WH, et al. Patterns of menstrual disturbance in 
eating disorders. Int J Eat Disord. 2007; 40: 424-434.

5.	 American Psychiatric Association Diagnostic and Statistical Manual of Mental Disorders, 4th edition. Washington, DC: American 
Psychiatric Association. 1994.

6.	 Roberto CA, Steinglass J, Mayer LE, Attia E, Walsh BT. The clinical significance of amenorrhea as a diagnostic criterion for 
anorexia nervosa. Int J Eat Disord. 2008; 41: 559-563.

7.	 Mitchell JE, Cook-Myers T, Wonderlich SA. Diagnostic criteria for anorexia nervosa: looking ahead to DSM-V. Int J Eat Disord. 
2005; 37: S95-97.

8.	 Dalle Grave R, Calugi S, Marchesini G. Is amenorrhea a clinically useful criterion for the diagnosis of anorexia nervosa? Behav 
Res Ther. 2008; 46: 1290-1294.

9.	 Cominato L, da Silva MM, Steinmetz L, Pinzon V, Fleitlich-Bilyk B, et al. Menstrual cycle recovery in patients with anorexia nervosa: 
the importance of insulin-like growth factor 1. Horm Res Paediatr. 2014; 82: 319-323.

10.	Boyar RM, Katz J, Finkelstein JW, Kapen S, Weiner H, Weitzman ED, et al. Anorexia nervosa. Immaturity of the 24-hour luteinizing 
hormone secretory pattern. N Engl J Med. 1974; 291: 861-865.

11.	Frisch RE, McArthur JW. Menstrual cycles: fatness as a determinant of minimum weight for height necessary for their maintenance 
or onset. Science. 1974; 185: 949-951.

12.	Miller KK, Grinspoon S, Gleysteen S, Grieco KA, Ciampa J, Breu J, et al. Preservation of neuroendocrine control of reproductive 
function despite severe undernutrition. J Clin Endocrinol Metab. 2004; 89: 4434-4438.

13.	Misra M, Prabhakaran R, Miller KK, Tsai P, Lin A, Lee N, et al. Role of cortisol in menstrual recovery in adolescent girls with 
anorexia nervosa. Pediatr Res. 2006; 59: 598-603.

14.	Gauthier C, Hassler C, Mattar L, Launay JM, Callebert J, Steiger H, et al. Symptoms of depression and anxiety in anorexia nervosa: 
links with plasma tryptophan and serotonin metabolism. Psychoneuroendocrinology. 2014; 39: 170-178.

15.	Young EA, Korszun A. The hypothalamic-pituitary-gonadal axis in mood disorders. Endocrinol Metab Clin North Am. 2002; 31: 
63-78.

http://www.ncbi.nlm.nih.gov/pubmed/23570454
http://www.ncbi.nlm.nih.gov/pubmed/23570454
http://www.ncbi.nlm.nih.gov/pubmed/18574232
http://www.ncbi.nlm.nih.gov/pubmed/18574232
http://www.ncbi.nlm.nih.gov/pubmed/24123541
http://www.ncbi.nlm.nih.gov/pubmed/24123541
http://www.ncbi.nlm.nih.gov/pubmed/17497704
http://www.ncbi.nlm.nih.gov/pubmed/17497704
https://justines2010blog.files.wordpress.com/2011/03/dsm-iv.pdf
https://justines2010blog.files.wordpress.com/2011/03/dsm-iv.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18454485
http://www.ncbi.nlm.nih.gov/pubmed/18454485
http://www.ncbi.nlm.nih.gov/pubmed/15852330
http://www.ncbi.nlm.nih.gov/pubmed/15852330
http://www.ncbi.nlm.nih.gov/pubmed/18848697
http://www.ncbi.nlm.nih.gov/pubmed/18848697
http://www.ncbi.nlm.nih.gov/pubmed/25322903
http://www.ncbi.nlm.nih.gov/pubmed/25322903
http://www.ncbi.nlm.nih.gov/pubmed/4412035
http://www.ncbi.nlm.nih.gov/pubmed/4412035
http://www.ncbi.nlm.nih.gov/pubmed/4469672
http://www.ncbi.nlm.nih.gov/pubmed/4469672
http://www.ncbi.nlm.nih.gov/pubmed/15356043
http://www.ncbi.nlm.nih.gov/pubmed/15356043
http://www.ncbi.nlm.nih.gov/pubmed/16549537
http://www.ncbi.nlm.nih.gov/pubmed/16549537
http://www.ncbi.nlm.nih.gov/pubmed/24135616
http://www.ncbi.nlm.nih.gov/pubmed/24135616
http://www.ncbi.nlm.nih.gov/pubmed/12055991
http://www.ncbi.nlm.nih.gov/pubmed/12055991


10Psychiatric Disorders  | www.smgebooks.com
Copyright  Martini MG.This book chapter is open access distributed under the Creative Commons Attribution 4.0 
International License, which allows users to download, copy and build upon published articles even for commercial 
purposes, as long as the author and publisher are properly credited. 

16.	Mehler PS, Eckel RH, Donahoo WT. Leptin levels in restricting and purging anorectics. Int J Eat Disord. 1999; 26: 189-194.

17.	Nakai Y, Hamagaki S, Kato S, Seino Y, Takagi R, Kurimoto F. Role of leptin in women with eating disorders. Int J Eat Disord. 1999; 
26: 29-35.

18.	Hebebrand J, Muller TD, Holtkamp K, Herpertz-Dahlmann B. The role of leptin in anorexia nervosa: clinical implications. Mol 
Psychiatry. 2007; 12: 23-35.

19.	Kopp W, Blum WF, von Prittwitz S, Ziegler A, Lubbert H, Emons G, et al. Low leptin levels predict amenorrhea in underweight and 
eating disordered females. Mol Psychiatry. 1997; 2: 335-340.

20.	Russell GF. Psychological and nutritional factors in disturbances of menstrual function and ovulation. Postgrad Med J. 1972; 48: 
10-13.

21.	Brambilla F, Monteleone P, Bortolotti F, Dalle Grave R, Todisco P, Favaro A, et al. Persistent amenorrhoea in weight-recovered 
anorexics: psychological and biological aspects. Psychiatry Res. 2003; 118: 249-257.

22.	Meyer AE, von Holtzapfel B, Deffner G, Engel K, Klick M. Psychoendocrinology of remenorrhea in the late outcome of anorexia 
nervosa. Psychother Psychosom. 1986; 45: 174-185.

23.	Zipfe S, Mack I, Baur LA, Hebebrand J, Touyz S, Herzog W, et al. Impact of exercise on energy metabolism in anorexia nervosa. 
J Eat Disord. 2013; 1: 37.

24.	Melin A, Tornberg AB, Skouby S, Moller SS, Faber J. Low-energy density and high fiber intake are dietary concerns in female 
endurance athletes. Scand J Med Sci Sports. 2015.

25.	Litt IF, Glader L. Anorexia nervosa, athletics, and amenorrhea. J Pediatr. 1986; 109: 150-153.

26.	Martini MG, Solmi F, Krug I, Karwautz A, Wagner G, Fernandez-Aranda F. Associations between eating disorder diagnoses, 
behaviors, and menstrual dysfunction in a clinical sample. Arch Womens Ment Health. 2015.

27.	Montero P, Bernis C, Fernandez V, Castro S. Influence of body mass index and slimming habits on menstrual pain and cycle 
irregularity. J Biosoc Sci. 1996; 28: 315-323.

28.	Treasure JL, Gordon PA, King EA, Wheeler M, Russell GF. Cystic ovaries: a phase of anorexia nervosa. Lancet. 1985; 2: 1379-
1382.

29.	Allan R, Sharma R, Sangani B, Hugo P, Frampton I, Mason H, et al. Predicting the weight gain required for recovery from anorexia 
nervosa with pelvic ultrasonography: an evidence-based approach. Eur Eat Disord Rev. 2010; 18: 43-48.

30.	Algars M, Huang L, Von Holle AF, Peat CM, Thornton LM, Lichtenstein P, et al. Binge eating and menstrual dysfunction. J 
Psychosom Res. 2014; 76: 19-22.

31.	Hartz AJ, Barboriak PN, Wong A, Katayama KP, Rimm AA. The association of obesity with infertility and related menstural 
abnormalities in women. Int J Obes. 1979; 3: 57-73.

32.	Zain MM, Norman RJ. Impact of obesity on female fertility and fertility treatment. Womens Health (Lond Engl). 2008; 4: 183-194.

33.	Pasquali R, Pelusi C, Genghini S, Cacciari M, Gambineri A. Obesity and reproductive disorders in women. Hum Reprod Update. 
2003; 9: 359-372.

34.	Seidenfeld ME, Rickert VI. Impact of anorexia, bulimia and obesity on the gynecologic health of adolescents. Am Fam Physician. 
2001; 64: 445-450.

35.	Resch M, Szendei G, Haasz P. Bulimia from a gynecological view: hormonal changes. J Obstet Gynaecol. 2004; 24: 907-910.

36.	Acien P, Quereda F, Matallin P, Villarroya E, Lopez-Fernandez JA, Acien M, et al. Insulin, androgens, and obesity in women with 
and without polycystic ovary syndrome: a heterogeneous group of disorders. Fertil Steril. 1999; 72: 32-40.

37.	Naessen S, Carlstrom K, Garoff L, Glant R, Hirschberg AL. Polycystic ovary syndrome in bulimic women--an evaluation based on 
the new diagnostic criteria. Gynecol Endocrinol. 2006; 22: 388-394.

38.	Bergman L, Eriksson E. Marked symptom reduction in two women with bulimia nervosa treated with the testosterone receptor 
antagonist flutamide. Acta Psychiatr Scand. 1996; 94: 137-139.

39.	Morgan JF, McCluskey SE, Brunton JN, Hubert Lacey J. Polycystic ovarian morphology and bulimia nervosa: a 9-year follow-up 
study. Fertil Steril. 2002; 77: 928-931.

40.	Sbaragli C, Morgante G, Goracci A, Hofkens T, De Leo V, Castrogiovanni P. Infertility and psychiatric morbidity. Fertil Steril. 2008; 
90: 2107-2111.

41.	Kerchner A, Lester W, Stuart SP, Dokras A. Risk of depression and other mental health disorders in women with polycystic ovary 
syndrome: a longitudinal study. Fertil Steril. 2009; 91: 207-212.

http://www.ncbi.nlm.nih.gov/pubmed/10422608
http://www.ncbi.nlm.nih.gov/pubmed/10349581
http://www.ncbi.nlm.nih.gov/pubmed/10349581
http://www.ncbi.nlm.nih.gov/pubmed/17060920
http://www.ncbi.nlm.nih.gov/pubmed/17060920
http://www.ncbi.nlm.nih.gov/pubmed/9246675
http://www.ncbi.nlm.nih.gov/pubmed/9246675
http://www.ncbi.nlm.nih.gov/pubmed/5014971
http://www.ncbi.nlm.nih.gov/pubmed/5014971
http://www.ncbi.nlm.nih.gov/pubmed/12834819
http://www.ncbi.nlm.nih.gov/pubmed/12834819
http://www.ncbi.nlm.nih.gov/pubmed/3588815
http://www.ncbi.nlm.nih.gov/pubmed/3588815
http://www.ncbi.nlm.nih.gov/pubmed/24499685
http://www.ncbi.nlm.nih.gov/pubmed/24499685
http://www.ncbi.nlm.nih.gov/pubmed/26148242
http://www.ncbi.nlm.nih.gov/pubmed/26148242
http://www.ncbi.nlm.nih.gov/pubmed/3088243
http://www.ncbi.nlm.nih.gov/pubmed/26399871
http://www.ncbi.nlm.nih.gov/pubmed/26399871
http://www.ncbi.nlm.nih.gov/pubmed/8698711
http://www.ncbi.nlm.nih.gov/pubmed/8698711
http://www.ncbi.nlm.nih.gov/pubmed/2867390
http://www.ncbi.nlm.nih.gov/pubmed/2867390
http://www.ncbi.nlm.nih.gov/pubmed/20054877
http://www.ncbi.nlm.nih.gov/pubmed/20054877
http://www.ncbi.nlm.nih.gov/pubmed/24360136
http://www.ncbi.nlm.nih.gov/pubmed/24360136
http://www.ncbi.nlm.nih.gov/pubmed/528119
http://www.ncbi.nlm.nih.gov/pubmed/528119
http://www.ncbi.nlm.nih.gov/pubmed/19072520
http://www.ncbi.nlm.nih.gov/pubmed/12926529
http://www.ncbi.nlm.nih.gov/pubmed/12926529
http://www.ncbi.nlm.nih.gov/pubmed/11515833
http://www.ncbi.nlm.nih.gov/pubmed/11515833
http://www.ncbi.nlm.nih.gov/pubmed/16147649
http://www.ncbi.nlm.nih.gov/pubmed/10428145
http://www.ncbi.nlm.nih.gov/pubmed/10428145
http://www.ncbi.nlm.nih.gov/pubmed/16864149
http://www.ncbi.nlm.nih.gov/pubmed/16864149
http://www.ncbi.nlm.nih.gov/pubmed/8883576
http://www.ncbi.nlm.nih.gov/pubmed/8883576
http://www.ncbi.nlm.nih.gov/pubmed/12009345
http://www.ncbi.nlm.nih.gov/pubmed/12009345
http://www.ncbi.nlm.nih.gov/pubmed/18462733
http://www.ncbi.nlm.nih.gov/pubmed/18462733
http://www.ncbi.nlm.nih.gov/pubmed/18249398
http://www.ncbi.nlm.nih.gov/pubmed/18249398


11Psychiatric Disorders  | www.smgebooks.com
Copyright  Martini MG.This book chapter is open access distributed under the Creative Commons Attribution 4.0 
International License, which allows users to download, copy and build upon published articles even for commercial 
purposes, as long as the author and publisher are properly credited. 

42.	Austin SB, Ziyadeh NJ, Vohra S, Forman S, Gordon CM, Prokop LA, et al. Irregular menses linked to vomiting in a nonclinical 
sample: findings from the National Eating Disorders Screening Program in high schools. J Adolesc Health. 2008; 42: 450-457.

43.	Kaye WH, Gwirtsman HE, George DT. The effect of bingeing and vomiting on hormonal secretion. Biol Psychiatry. 1989; 25: 768-
780.

44.	Quigley ME, Sheehan KL, Casper RF, Yen SS. Evidence for increased dopaminergic and opioid activity in patients with 
hypothalamic hypogonadotropic amenorrhea. J Clin Endocrinol Metab. 1980; 50: 949-954.

45.	Gendall KA, Bulik CM, Joyce PR, McIntosh VV, Carter FA. Menstrual cycle irregularity in bulimia nervosa. Associated factors and 
changes with treatment. J Psychosom Res. 2000; 49: 409-415.

46.	Palla B, Litt IF. Medical complications of eating disorders in adolescents. Pediatrics. 1988; 81: 613-623.

47.	 Misra M, Aggarwal A, Miller KK, Almazan C, Worley M, Soyka LA, et al. Effects of anorexia nervosa on clinical, hematologic, 
biochemical, and bone density parameters in community dwelling adolescent girls. Pediatrics. 2004; 114: 1574-1583.

48.	Misra M, Klibanski A. Anorexia nervosa and osteoporosis. Rev Endocr Metab Disord. 2006; 7: 91-99.

49.	Misra M, Klibanski A. Anorexia nervosa and bone. J Endocrinol. 2014; 221: R163-176.

50.	Biller BM, Saxe V, Herzog DB, Rosenthal DI, Holzman S, Klibanski A. Mechanisms of osteoporosis in adult and adolescent women 
with anorexia nervosa. J Clin Endocrinol Metab. 1989; 68: 548-554.

51.	Riggs BL, Khosla S, Melton LJ 3rd. Sex steroids and the construction and conservation of the adult skeleton. Endocr Rev. 2002; 
23: 279-302.

52.	Bachrach LK, Guido D, Katzman D, Litt IF, Marcus R. Decreased bone density in adolescent girls with anorexia nervosa. Pediatrics. 
1990; 86: 440-447.

53.	Faje AT, Karim L, Taylor A, Lee H, Miller KK, Mendes N, et al. Adolescent girls with anorexia nervosa have impaired cortical and 
trabecular microarchitecture and lower estimated bone strength at the distal radius. J Clin Endocrinol Metab. 2013; 98: 1923-1929.

54.	Lawson EA, Miller KK, Bredella MA, Phan C, Misra M, Meenaghan E, et al. Hormone predictors of abnormal bone microarchitecture 
in women with anorexia nervosa. Bone. 2010; 46: 458-463.

55.	Milos G, Spindler A, Rüegsegger P, Seifert B, Muhlebach S, Uebelhart D, et al. Cortical and trabecular bone density and structure 
in anorexia nervosa. Osteoporos Int. 2005; 16: 783-790.

56.	Faje AT, Fazeli PK, Miller KK, Katzman DK, Ebrahimi S, Lee H, et al. Fracture risk and areal bone mineral density in adolescent 
females with anorexia nervosa. Int J Eat Disord. 2014; 47: 458-466.

57.	Miller KK, Lee EE, Lawson EA, Misra M, Minihan J, Grinspoon SK, et al. Determinants of skeletal loss and recovery in anorexia 
nervosa. J Clin Endocrinol Metab. 2006; 91: 2931-2937.

58.	Sundgot-Borgen J, Bahr R, Falch JA, Schneider LS. Normal bone mass in bulimic women. J Clin Endocrinol Metab. 1998; 83: 
3144-3149.

59.	Linna MS, Raevuori A, Haukka J, Suvisaari JM, Suokas JT, Gissler M. Reproductive health outcomes in eating disorders. Int J Eat 
Disord. 2013; 46: 826-833.

60.	Treasure JL, Russell GF. Intrauterine growth and neonatal weight gain in babies of women with anorexia nervosa. Br Med J Clin 
Res Edition. 1988; 296: 1038.

61.	Easter A, Treasure J, Micali N. Fertility and prenatal attitudes towards pregnancy in women with eating disorders: results from the 
Avon Longitudinal Study of Parents and Children. BJOG. 2011; 118: 1491-1498.

62.	Katzman DK, Zipursky RB, Lambe EK, Mikulis DJ. A longitudinal magnetic resonance imaging study of brain changes in adolescents 
with anorexia nervosa. Arch Pediatr Adolesc Med. 1997; 151: 793-797.

63.	Chui HT, Christensen BK, Zipursky RB, Richards BA, Hanratty MK, Kabani NJ, et al. Cognitive function and brain structure in 
females with a history of adolescent-onset anorexia nervosa. Pediatrics. 2008; 122: e426-437.

http://www.ncbi.nlm.nih.gov/pubmed/18407039/
http://www.ncbi.nlm.nih.gov/pubmed/18407039/
http://www.ncbi.nlm.nih.gov/pubmed/2647157
http://www.ncbi.nlm.nih.gov/pubmed/2647157
http://www.ncbi.nlm.nih.gov/pubmed/6246138
http://www.ncbi.nlm.nih.gov/pubmed/6246138
http://www.ncbi.nlm.nih.gov/pubmed/11182433
http://www.ncbi.nlm.nih.gov/pubmed/11182433
http://www.ncbi.nlm.nih.gov/pubmed/3162764
http://www.ncbi.nlm.nih.gov/pubmed/15574617
http://www.ncbi.nlm.nih.gov/pubmed/15574617
http://www.ncbi.nlm.nih.gov/pubmed/16972186
http://www.ncbi.nlm.nih.gov/pubmed/24898127
http://www.ncbi.nlm.nih.gov/pubmed/2493036
http://www.ncbi.nlm.nih.gov/pubmed/2493036
http://www.ncbi.nlm.nih.gov/pubmed/12050121
http://www.ncbi.nlm.nih.gov/pubmed/12050121
http://www.ncbi.nlm.nih.gov/pubmed/2388792
http://www.ncbi.nlm.nih.gov/pubmed/2388792
http://www.ncbi.nlm.nih.gov/pubmed/23509107
http://www.ncbi.nlm.nih.gov/pubmed/23509107
http://www.ncbi.nlm.nih.gov/pubmed/19747572
http://www.ncbi.nlm.nih.gov/pubmed/19747572
http://www.ncbi.nlm.nih.gov/pubmed/15452690
http://www.ncbi.nlm.nih.gov/pubmed/15452690
http://www.ncbi.nlm.nih.gov/pubmed/24430890
http://www.ncbi.nlm.nih.gov/pubmed/24430890
http://www.ncbi.nlm.nih.gov/pubmed/16735492
http://www.ncbi.nlm.nih.gov/pubmed/16735492
http://www.ncbi.nlm.nih.gov/pubmed/9745417
http://www.ncbi.nlm.nih.gov/pubmed/9745417
http://www.ncbi.nlm.nih.gov/pubmed/23996114
http://www.ncbi.nlm.nih.gov/pubmed/23996114
http://www.ncbi.nlm.nih.gov/pubmed/3130128
http://www.ncbi.nlm.nih.gov/pubmed/3130128
http://www.ncbi.nlm.nih.gov/pubmed/21810162
http://www.ncbi.nlm.nih.gov/pubmed/21810162
http://www.ncbi.nlm.nih.gov/pubmed/9265880
http://www.ncbi.nlm.nih.gov/pubmed/9265880
http://www.ncbi.nlm.nih.gov/pubmed/18676530
http://www.ncbi.nlm.nih.gov/pubmed/18676530

	Title
	ABSTRACT
	INTRODUCTION
	MENSTRUAL DYSFUNCTION AND ANOREXIA NERVOSA (AN)
	MENSTRUAL DYSFUNCTION, BULIMIA NERVOSA (BN) AND BINGE EATING DISORDER (BED)
	COMPLICATIONS OF MENSTRUAL DYSFUNCTION
	CONCLUSION
	References

