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Abstract
Much remains to be understood about the etiology of eating disorders. There is substantial
evidence that reproductive hormones, specifically estrogens, play a direct role in normal food
intake. Evidence is increasing that the reproductive hormones play a role in the abnormal food
intake associated with eating disorders. For example, there is an inverse association between
estradiol and eating disorder symptoms. Preliminary studies also suggest that hormone
augmentation may be a beneficial adjunct to the standard treatment of choice for eating disorders.
However, research is limited, so definitive conclusions about the benefit of hormone augmentation
in treatment cannot be drawn. Future research, with a focus on translational studies, should
continue to explore the role of reproductive hormones in the vulnerability to and maintenance of
eating disorders.
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Knowledge of the factors that play a role in the development and maintenance of eating
disorders has grown substantially over the past two decades. Eating disorders are typically
conceptualized as biopsychosocial disorders – culminating from biological, psychological
and cultural risk factors. However, despite our increased knowledge of the vulnerability
factors for eating disorders, much is still unknown about their pathophysiology. Given the
increased incidence of eating disorders associated with times of reproductive axis change,
such as puberty, reproductive hormones represent a potential endocrine candidate in the
pathophysiology of eating disorders.

This article will provide a summary of reports addressing the association between
reproductive hormones and eating disorders and their symptomatology. Reproductive
hormones can influence behavior in two ways. First, these hormones can act in an
organizational manner. During development, exposure to gonadal steroids organizes neural
circuits to behave in a specific fashion. These effects are generally permanent, do not require
the presence of the hormone to persist and often occur prenatally. Second, gonadal steroids
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can act in an activational manner. These effects are transient or reversible in nature and
require the presence of the hormone. Initial findings suggest that reproductive hormones
may influence eating disorder symptoms both in an organizational and activational manner.
In this review, the authors comprehensively summarize these findings. The authors begin by
providing readers with a brief summary of eating disorders and the menstrual cycle. Second,
the authors provide an overview of the role of reproductive hormones in eating behavior in
general (Box 1). The reports addressing the association between reproductive hormones and
eating disorders are discussed, specifically highlighting the role of estradiol, progesterone
and testosterone. The authors focus a majority of their discussion on women, as minimal
research has addressed the association between reproductive hormones and eating disorders
in men.

Eating disorders
The current version of the Diagnostic and Statistical Manual (DSM-IV-TR) [1] identifies
three eating disorder diagnoses: anorexia nervosa (AN), bulimia nervosa (BN) and eating
disorder not otherwise specified (EDNOS). EDNOS also includes binge-eating disorder
(BED), which will become a distinct diagnosis in DSM-5 [101].

AN is characterized by low bodyweight and an undue influence of weight or shape on self-
evaluation. BN is characterized by binge-eating episodes followed by inappropriate
compensatory behaviors such as vomiting, or laxative or diuretic abuse, as well as by an
undue influence of weight and shape on self-evaluation. BED is also characterized by binge-
eating episodes, but these episodes occur in the absence of regular inappropriate
compensatory behaviors. Although the diagnostic criteria for BED do not explicitly include
a body image criterion, it is believed that over-evaluation of weight and shape are core
features of BED, similar to what is observed in BN [2]. EDNOS includes those individuals
who do not meet the explicit diagnostic criteria of AN or BN.

Eating disorders afflict approximately 0.5–3% of the general population and are more
common in women compared with men, with the largest sex difference estimated at 10:1 for
AN, while the prevalence of BN and BED is one- to three-times higher in women compared
with men [1,3]. Onset of AN and BN typically occurs during adolescence and young
adulthood, with prepubertal onset being uncommon but apparently increasing [3,4]. A
population-based study of adolescents found that the median ages of onset for AN, BN and
subthreshold AN and BN were strikingly similar to the average age of menarche in the
population [5]. Taken together, these facts have led many to postulate the role of
reproductive hormones in eating disorders.

Reproductive hormones & the menstrual cycle
Estrogens, progestogens and testosterone represent the classic reproductive hormones found
in humans. Estrogens are produced primarily by developing follicles in the ovaries, the
corpus luteum and the placenta during pregnancy. Estradiol is the primary estrogen in
childbearing women and is formed from developing ovarian follicles [6]. However,
testosterone is also converted to estradiol via aromatization. Progesterone is also a steroid
hormone belonging to the class of hormones called progestogens and is the major naturally
occurring human progestogen [6]. Progesterone is produced in the ovaries (by the corpus
luteum), the adrenal glands and, during pregnancy, in the placenta. Testosterone is a steroid
hormone that is part of the androgen group. It is the principal male sex hormone and the
male body produces up to eight-times more testosterone than the female body [6]. However,
testosterone is secreted in women, primarily in the ovaries, with a small amount also
secreted from the adrenal glands [7].
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The reproductive cycle is divided into a follicular phase, an ovulatory phase and a luteal
phase (Figure 1). The first day of menses is the beginning of the follicular phase, during the
first half of which concentrations of estrogens and progesterone are stable and low [7].
Approximately 7–8 days before the preovulatory luteinizing hormone (LH) surge, the
second half of the follicular phase begins, which is characterized by an increase in estradiol
concentrations [7]. Progesterone concentrations do not increase during this period. During
the ovulatory phase, there is a rapid increase in plasma LH levels eventually leading to the
rupture of the mature follicle, which marks the beginning of the luteal phase [8].
Representing the hallmark of the luteal phase is an increase in progesterone levels, which
reaches maximum concentrations approximately 8 days after the LH peak [8]. At this time,
estradiol and progesterone concentrations increase in parallel [7]. Testosterone
concentrations are low in women, but do show a cyclic pattern across the menstrual phases,
being higher in the luteal phase than the follicular phase [9].

Reproductive hormones & eating behavior
Estradiol & progesterone

Estradiol plays a role in normal food intake, with data across animal species showing an
inhibiting effect of estradiol [10–12]. In women, food intake decreases throughout the
follicular phase of the menstrual cycle and is lowest during periovulation when estradiol
concentrations are at their highest [13–16]. In rodents, food intake decreases the night
following the LH surge, corresponding to the night of ovulation and estrus [13,17]. Estradiol
concentrations are at their highest immediately prior to the LH surge and lowest during
estrus [18]. However, the physiological effects of estradiol can last more than 12 h, so the
decrease in food intake prior to the LH surge may be due to the preceding increase in
estradiol [13].

Providing more substantial evidence for the role of estrogens in food intake, animals that are
ovariectomized (ovaries removed) exhibit an increase in food intake, which is reversed with
the administration of estradiol [19,20]. The inhibitory effect of estradiol is only present post-
pubertally [21,22], and the decrease in food intake results from changes in meal size
(compared with a decrease in number of meals), suggesting that estradiol may advance the
onset of satiety [11,23].

In contrast to estradiol, ovariectomized rodents and healthy women exhibit no changes in
food intake when treated with progesterone alone [11,24]. During the premenstrual period,
when progesterone concentrations are high, a peak in food intake is observed in women
[14]. However, this occurs only in the presence of estrogens. Thus, it appears that
progesterone does not have a direct effect on food intake [24,25]; rather, it is a neutral
antagonist to the effects of estradiol, only increasing food intake in the presence of estradiol
[12,25] by blocking its inhibitory effects. Thus, in the luteal phase, it is progesterone’s
antagonism of estradiol that increases food intake rather than the luteal phase increase in
progesterone per se [12].

Testosterone
In contrast to estradiol, testosterone stimulates food intake by increasing the number of
meals rather than the size of the meal [13,26]. In addition, neonatal exposure to testosterone
in female mice enhances food intake during adulthood [27], likely through the prenatal
organization of neural circuits. However, compared with estradiol and progesterone, much
less is known about testosterone’s role in stimulating food intake [13].
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Reproductive hormones & eating disorders
Given the abundance of research suggesting that reproductive hormones play a critical part
in normal eating behaviors and food intake, it is reasonable to postulate that these hormones
also have a functional role in the dysregulated eating behaviors associated with eating
disorders, with estrogens being the most promising candidate. Much of the research
addressing the role of reproductive hormones in the development and maintenance of eating
disorders has occurred within the past decade. However, few studies have focused on eating
disorder diagnosis and/or directly obtained reproductive hormone measurements. Therefore,
the authors focus their discussion on both eating disorder diagnoses and symptoms and also
review studies that observed eating disorder symptomatology across periods of reproductive
axis change – the menstrual cycle and pregnancy, as these periods are marked by significant
fluctuation and change in reproductive hormones in women.

Estradiol & progesterone
It is well established that women with AN have decreased concentrations of estrogens and
progesterone [28–30]. In fact, estradiol concentrations are similar to the concentrations
observed in postmenopausal women. Amenorrhea is also currently part of the diagnostic
criteria for AN (although this will change with DSM-5) [101], while women with BN also
frequently experience menstrual dysfunction [31]. Importantly, estradiol and progesterone
dysregulation and disruption of the menstrual cycle could also be a consequence of the
eating disorder rather than a cause.

Examining the association between estradiol and progesterone and eating disorder
symptoms reveals an association with diminishing estradiol and increasing progesterone.
Circulating estradiol concentrations are inversely related to binge eating in women with BN
[32,33], suggesting that binge eating may increase in women with BN when estradiol
concentrations decrease. Estradiol concentrations may also be inversely related to disordered
eating (i.e., continuous measure of eating disorder-related psychological and behavioral
symptoms) in community samples [34,35]. By contrast, binge eating in women with BN and
disordered eating in community samples are positively associated with progesterone
concentrations [32,33]. Notably, Edler et al. reported that estradiol and progesterone
together accounted for 24% of the variance in binge eating in women with BN after
controlling for negative affect [32]. Moreover, the psychological symptoms of eating
disorders are also associated with estradiol and progesterone. Body dissatisfaction (i.e.,
dissatisfaction with the size and shape of one’s body) and drive for thinness (i.e.,
preoccupation with weight, dieting and pursuit of thinness) both showed an inverse
association with estradiol and a positive association with progesterone concentrations in a
community sample [36].

Finally, animal studies provide additional evidence for the role of estradiol and progesterone
in binge eating, and further implicate reproductive hormones in the etiology of eating
disorders. In animal models of binge eating, ovariectomized rats consume more palatable
food and engage in increased binge eating than nonovariectomized rats [37]. Fat intake in
ovariectomized rats under binge-like conditions is reduced by exogenous administration of
combined estradiol and progesterone [38]. Moreover, the cyclic inhibitory effect of estradiol
is compromised in animals consuming large, binge-type amounts of fatty meals [38],
suggesting that regular binge eating may disrupt the normal functioning of the estrogen
system on food intake. This disruption may play a role in the chronicity of these disorders.

In summary, clinical research examining the association between estradiol and progesterone
concentrations and eating disorder symptoms and animal models of eating disorder
symptoms, provide support for the role of these hormones in the activation of the abnormal
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eating behaviors that occur in eating disorders. Furthermore, animal models suggest that
these hormones may play a role in both the development and maintenance of binge eating-
type behaviors. However, despite the significant positive association between binge-eating
frequency and progesterone, a number of studies have indicated that progesterone does not
have a direct effect on normal food intake, but it only increases food intake in the presence
of estrogens by inhibiting the effects of estradiol. Therefore, when estradiol concentrations
decrease and progesterone concentrations increase, progesterone may be at sufficiently high
concentrations to exert its antagonistic role, which in turn stimulates food intake. However,
without the presence of estradiol, progesterone has no direct influence on food intake. To
date, no study has examined whether progesterone’s influence on eating disorder
symptomatology only occurs in the presence of estradiol.

Testosterone
The majority of studies examining testosterone in eating disorders have only included
acutely ill individuals. These findings indicate that circulating concentrations of testosterone
are elevated in women with BN [29,39], and may be decreased in women with AN [29].
Importantly, it is unclear whether this is a cause or consequence of the disorder, so the role
of circulating testosterone concentrations in the etiology of eating disorders is unclear.
Interestingly, however, several psychological [40,41] (i.e., impulsivity, irritability and
aggressiveness) and medical [42,43] (i.e., acne and polycystic ovary syndrome) conditions
associated with elevated testosterone are more common in women with BN than in the
general population. This may suggest that elevated testosterone concentrations promote
bulimic behaviors via its effects on impulse control.

It has also been postulated that prenatal testosterone exposure plays an organizational role in
eating disorder risk, such that it is protective against the development of an eating disorder.
For example, index finger (2D): ring finger (4D) finger ratio, which is a sexually dimorphic
characteristic that is highly correlated with prenatal testosterone concentrations, has been
used as a proxy for prenatal testosterone exposure. A lower 2D:4D ratio is indicative of
lower prenatal testosterone exposure. Low concentrations of prenatal testosterone exposure,
as indexed by this 2D:4D finger ratio, are associated with increased eating disorder
symptoms [34] and BN diagnosis [44]. However, in contrast to the postulation that prenatal
testosterone plays a protective role in eating disorder vulnerability, high concentrations of
prenatal testosterone are associated with AN diagnosis [44].

Comparing the prevalence of disordered eating in opposite- and same-sex twin pairs as an
additional proxy for prenatal testosterone exposure partially confirms 2D:4D finger ratio
findings. It is postulated that females from an opposite-sex twin pair are exposed to more
testosterone in utero, protecting them against the later development of eating disorder
symptomatology. Indeed, Culbert et al. found that same-sex female twins exhibited the
highest mean concentrations of disordered eating (mean = 8.5), using a modified version of
the Eating Disorder Inventory, followed by females from opposite-sex twin pairs (mean =
6.7), males from opposite-sex twin pairs (mean = 4) and finally same-sex male twins [45]
(mean = 3; of note, disordered eating means estimated from figure provided in Culbert et
al.). This significant linear trend was hypothesized to be attributable to prenatal testosterone
exposure. However, no study has been able to replicate the findings of Culbert et al.
comparing the prevalence of disordered eating and eating disorders across same- and
opposite-sex twin pairs [46–48]. Given that this area of research is still in its infancy,
definitive conclusions cannot yet be made concerning the meaning of these inconsistencies.

Finally, as previously mentioned, the majority of research to date has focused on the role of
reproductive hormones in the vulnerability to eating disorders in females. However, one
report has directly examined the association between testosterone concentrations and
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disordered eating in males. The authors reported a significant inverse association between
postpubertal testosterone concentrations and disordered eating, controlling for mood, anxiety
and BMI [49].

The results addressing testosterone’s role in eating disorder vulnerability are inconsistent
and difficult to interpret given the lack of studies examining circulating testosterone
concentrations pre- and post-illness. Notably, testosterone is also converted to estradiol
through aromatization in both sexes and is the primary mechanism responsible for estradiol
concentrations in men. Therefore, findings about testosterone may further implicate estradiol
in the role of eating disorders, as this conversion could affect the amount and flux of
estradiol present in the body at any given time. Thus, the influence of testosterone on
disordered eating may be mediated through estradiol. It will be important for research to
continue to build knowledge in this area before empirically supported hypotheses about the
role of testosterone in eating disorder risk can be made.

Reproductive stage & eating disorders
Menstrual cycle

Similar to the patterns noted previously with regard to the fluctuations of normal food intake
across the menstrual cycle and associations with clinical assessments of estradiol and
progesterone concentrations, severity of eating disorder symptomatology, specifically binge
eating, body dissatisfaction and drive for thinness, also fluctuates across the menstrual cycle.

Studies comparing binge-eating frequency in women with BN across menstrual cycle phases
show that both binge-eating frequency and bulimic symptoms are significantly elevated in
the luteal (premenstrual) phase compared with the follicular and ovulatory phases [32,50–
52]. Specifically, one report showed a 60% increase in binge-eating frequency in the
premenstrual phase [52]. The mean number of binges during the premenstrual period was
6.65, and in the menstrual period frequency decreased to 4.41 [52]. Moreover, it has been
suggested that exacerbation of binge eating is more consistently present across all women
with BN the week preceding menses compared with exacerbation during the mid-luteal
phase, during which time only some women show exacerbation in binge eating [50]. Similar
premenstrual exacerbations are suggested for purging behaviors [32,50] and continuous
measures of binge eating in community samples [33].

Furthermore, body dissatisfaction and drive for thinness in nonclinical samples show similar
patterns across the menstrual cycle. Body dissatisfaction and drive for thinness are highest
during the luteal phase of the menstrual cycle compared with the follicular/ovulatory phase
[36]. However, these findings have not been consistent. Some reports only revealed
differences in body dissatisfaction across the menstrual cycle when the premenstrual and
menstrual phases were combined [53,54].

Findings for the psychological symptoms of eating disorders (i.e., body dissatisfaction and
drive for thinness) may be less robust than findings related to the behavioral symptoms (e.g.,
binge eating) because psychological symptoms are more subjective in nature, rendering
them more difficult to assess and quantify. Furthermore, the biological underpinnings of
eating disorders may be more closely linked with the behavioral symptoms than the
psychological symptoms. This interpretation is supported by genetic data that indicate a
moderately strong heritability of binge eating [55,56] and vomiting as a compensatory
behavior [56]. Notably, however, the psychological symptoms of eating disorders also
demonstrate heritability [57,58], although the estimates are less consistent than heritability
estimates of the behavioral symptoms. It appears that the more interpretation that is
involved, the lower the heritability estimates [58].
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Change in eating disorder symptomatology across the menstrual cycle may have important
implications for treatment. Contingency plans can be made in order to cope with the increase
in symptomatology and urges that may arise during the premenstrual phase. In addition,
psychiatric hospitalizations, suicidal behaviors and depressed mood are also more frequent
during the premenstrual phase [59–61]. The menstrual cycle influence on eating disorder
and mood symptomatology would be important for a clinician treating an individual with an
eating disorder to have on their radar and assess for.

Although the weight of the evidence strongly suggests that changes in the reproductive
hormonal milieu across the female menstrual cycle influence eating disorder symptoms in
vulnerable women, methodological limitations may contribute to inconsistencies in the
literature. For example, owing to significant between-subject differences in absolute
concentrations of gonadal steroid hormones over the menstrual cycle [62], a within-subjects
design is methodologically important in accurately testing for menstrual cycle effects.
Within-person, individual change also provides the most meaningful results clinically –
whether binge-eating frequency is high or low across the menstrual cycle relative to other
individuals is not as functionally significant as change relative to self [51]. In addition,
because normal menstrual cycle lengths are variable (22–36 days), and there is a lack of
correspondence between self-reported cycle length and actual cycle length [62], it is
important to obtain hormonal verification of menstrual cycle phase. Finally, results are
difficult to compare across studies because menstrual cycle phase definitions are not
consistent across differing reports.

Pregnancy
During pregnancy, both estradiol and progesterone concentrations progressively increase
until childbirth, with a sharp increase in estradiol after the first trimester [63]. Both
hormones abruptly decrease postpartum [63]. Initial retrospective reports of clinical samples
found that some women with AN and BN report improvement and remission of eating
disorder symptomatology during pregnancy [64,65]. One such study showed that the
presence of bulimic symptomatology decreased sequentially during each trimester, with
75% of women exhibiting no bulimic symptomatology by the third trimester [65]. This
sequential decrease may correspond to the progressive increase of estradiol across
pregnancy. However, a resurgence of symptoms often occurs postpartum [64,65].

Larger-scale prospective reports have corroborated these findings, describing eating disorder
remission rates between 29 and 78% during pregnancy [66]. Moreover, body dissatisfaction
also decreases during pregnancy in some women with a current eating disorder [67]. These
findings are similar to what is observed across the menstrual cycle such that eating disorder
symptoms increase when estradiol concentrations are low (i.e., postpartum) and decrease
when estradiol concentrations are high (i.e., during pregnancy).

Although pregnancy may be a period of improvement and remission for some women, some
studies have observed that women who have recovered from an eating disorder experience a
relapse during pregnancy. For example, a prospective report following a small sample of
women with a past history of AN found that 33% experienced a relapse during pregnancy
[68]. Pregnancy also appears to be a specific vulnerability period for new-onset BED [66].
An increase in body dissatisfaction has also been observed during pregnancy in women with
a history of an eating disorder [69].

Taken together, there are substantial changes in eating disorder symptoms across the
menstrual cycle and during pregnancy, which suggest that gonadal steroids may play an
activational role in eating disorder symptoms. However, findings are somewhat inconsistent
with regard to pregnancy. It appears that the impact of pregnancy on eating disorder

Baker et al. Page 7

Expert Rev Obstet Gynecol. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



symptoms varies across women, representing a window of remission, relapse and new onset
for BED. However, to date, studies have not examined the separate phases of pregnancy to
determine in which phase risk and remission typically occurs, or whether it is the hormone
concentration or flux in estradiol and progesterone that may serve as the critical window for
risk or remission. In addition to any role that reproductive hormones may play in eating
disorder symptoms around pregnancy, pregnancy can also be a significant time of change
and stress in a woman’s life, and these changes may contribute to a woman’s vulnerability to
the impact of hormonal change on eating disorders during pregnancy.

Vulnerability to reproductive hormone change
As posited above, women with eating disorders may have increased sensitivity to
fluctuation, or change, in reproductive hormone concentrations. This hypothesis is supported
by the fact that significant changes are observed in eating disorder symptomatology during
periods of substantial reproductive hormone change (i.e., puberty and pregnancy) and across
the menstrual cycle.

Although the authors will not comprehensively review findings here, it is well established
that puberty is a potent vulnerability period for eating disorder onset and related
symptomatology [70]. Since estradiol plays an important role in gene transcription, it is
hypothesized that estradiol may be involved in the ‘activation’ of some genetic factors that
influence eating disorders [34]. For example, comparing the genetic effects on disordered
eating in girls with low versus high concentrations of estradiol, as measured through salivary
samples, shows that the genetic effects on disordered eating in girls with low concentrations
of estradiol are minimal, whereas the genetic effects on disordered eating in girls with high
concentrations of estradiol are substantial [71]. Furthermore, examining whether there were
individual differences in binge-eating proneness in rats before, during and after pubertal
onset revealed a dramatic increase in binge-eating proneness across puberty, such that there
was minimal evidence for differences in binge-eating proneness prior to puberty, but
significant differences in binge-eating proneness after puberty [72].

Similarly, studies have also addressed whether there are genetic associations between
aspects of puberty and eating disorder symptoms. Twin studies, which allow for the
proportion of the genetic and environmental influences on a trait to be delineated, have
established that eating disorders have a moderately strong genetic component, but specific
genes that influence risk for eating disorders have not yet been identified [73]. Comparing
the genetic influences on eating disorder symptomatology in girls pre- and post-puberty
indicates that the genetic effects for eating disorder symptomatology in prepubertal girls
were near 0% but rose markedly to approximately 60% in postpubertal girls and young
adults [74,75]. It is hypothesized that the increase in estrogens that occurs during puberty
accounts for the substantial increase in the genetic effects of disordered eating postpuberty.
Thus, estrogens would moderate the genetic influences on disordered eating. It is also
suggested that aspects of puberty and eating disorder symptoms share genetic vulnerability
factors. For example, two additional twin studies indicate moderate overlap in the genetic
factors responsible for age at menarche and disordered eating and dieting [76,77]. Thus,
genetic factors specifically involved in the underlying regulation and functioning of the
estrogen system, such as those involved in gene transcription and estrogen receptor
signaling, may underlie the shared genetic risk observed between aspects of puberty and
eating disorder symptoms.

Evidence exists for an activational role of gonadal steroids in eating disorder symptoms.
Specifically, findings suggest that estradiol may play a role in the genetic vulnerability to
eating disorder symptomatology. This underlying genetic vulnerability may be involved in
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an increased sensitivity to hormonal fluctuation – increasing substantially at puberty via
mechanisms related to estradiol.

Reproductive hormones in the treatment of eating disorders
Estradiol & progesterone

To date, research examining the efficacy of estrogens in the treatment of eating disorders has
either focused on estradiol replacement’s impact on bone mass and density in women with
AN or on the efficacy of oral contraceptives in improving bulimic symptomatology.
Importantly, hormone augmentation alone is not an adequate treatment for an eating
disorder, so this should be applied only in conjunction with additional forms of treatment,
such as cognitive–behavioral therapy – which is often the treatment of choice for eating
disorders, specifically BN and BED.

High-dose estradiol in the form of an oral contraceptive does not improve bone mass density
in patients with AN [78,79]. However, physiological doses of estradiol show promising
results for improving spine and hip bone mass density in girls with AN [80]. Patients
received incremental, low-dose, oral ethinylestradiol for 18 months in order to replicate
pubertal increases in estradiol, and those receiving the incremental estradiol treatment
showed improvement in spine and hip bone mass density compared with girls receiving
placebo. However, the impact of estradiol on additional AN symptomatology is not clear as
this was not addressed in the report. The authors concluded that the administration of small,
incremental doses of oral estradiol in girls 12–18 years of age with AN is effective in
increasing spine and hip bone mass density [80]. Thus, it appears that high-dose estradiol in
concentrations that do not replicate normal pubertal physiology are not beneficial in
improving bone mass density in girls with AN, but that treatment mimicking normal
pubertal development could be a beneficial adjunct to psychological treatment for AN.

Examining the impact of the oral contraceptive Yasmin® (drospirenone 3 mg, estradiol 0.03
mg; Schering, AG, Bergkamen, Germany) on bulimic symptomatology after a 3-month
treatment cycle showed a reduction in compensatory behaviors, meal-related hunger and
gastric distention in women with BN [81]. Twenty eight percent of women in the study
displayed a reduction in bulimic symptomatology and 15% no longer met diagnostic criteria
for BN at the end of treatment [81]. Of note, treatment responders had significantly higher
baseline concentrations of testosterone, and the reduction in bulimic behavior was related to
a decline in testosterone concentrations. This finding suggests that oral contraceptives or
estradiol and progesterone may provide a beneficial pharmacological addition to cognitive–
behavioral therapy, for example for a subgroup of BN women with hyperandrogenic
symptoms [81].

Testosterone
Very few studies have examined the efficacy of testosterone in eating disorder treatment.
Case studies suggest that the administration of a testosterone receptor antagonist decreases
bulimic symptomatology in women with BN [82,83], while the administration of low-dose
testosterone improves depressive symptoms and spatial cognition in women with AN [84].
However, more research is needed to delineate whether testosterone may be a potential
pharmacological treatment for AN and BN.

Expert commentary
In summary, an increase in the attention paid to the role of reproductive hormones in eating
disorder development in the past decade has important implications for the pathophysiology
of eating disorders. Taken together, it appears that reproductive hormones may play an
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activational role in the risk for and chronicity of an eating disorder – with estradiol and
progesterone (in the presence of estradiol) being the key players. Currently, whether these
hormones play an organizational role in eating disorder risk is unclear.

There are two main possibilities in which estradiol and progesterone may influence eating
disorders. First, the absolute concentrations of these hormones may directly influence eating
disorder symptoms. As discussed, bulimic symptomatology tends to increase when estradiol
concentrations decrease and progesterone concentrations increase. Therefore, this increase in
bulimic symptomatology could be directly related to absolute concentrations of estradiol and
progesterone such that the combination of the increase in estradiol and decrease in
progesterone increases binge-eating frequency.

An additional possibility is that some women in the population may be more sensitive to
changes in reproductive hormones. Specifically, women with eating disorders may represent
a small subpopulation of women who are highly sensitive to fluctuations in estradiol or react
strongly to changing estradiol concentrations [85]. Of relevance to this proposition, women
with AN exhibit increased sensitivity to sensory experience (i.e., visual, auditory, touch,
taste, smell, vestibular and kinesthetic) compared with healthy controls, suggesting that they
may actually be hypersensitive to interoceptive change and visceral sensations [Zucker N,
Pers. Comm.]. Therefore, it is reasonable to postulate that women with eating disorders may
also exhibit heightened sensitivity to hormonal fluctuations. Moreover, it is frequently
observed that puberty is a marked vulnerability period for an eating disorder and that the
genetic influences on eating disorder symptoms are null prior to puberty yet substantial after
puberty. This suggests that there may be genetic, individual differences determining the
response to hormonal fluctuations, and that this sensitivity to hormone fluctuation may be
triggered at puberty (or other periods of reproductive hormone change) with increasing
estradiol concentrations, in turn substantially increasing the vulnerability to an eating
disorder. Thus, change, rather than absolute level, in reproductive hormones may be a
catalyst towards eating disorder symptoms in genetically vulnerable women.

Sensitivity to change in reproductive hormones as a catalyst towards eating disorder
symptoms is additionally supported by the fact that changes in eating disorder symptoms are
observed during pregnancy in both directions: remission in those with a current eating
disorder and relapse in those with a history of an eating disorder. We postulate that women
with a current eating disorder during pregnancy are benefited by the progressive increases
(and reduced fluctuations) in estradiol and progesterone concentrations that occur during
pregnancy. Hormonal fluctuations in the postpartum could represent another period during
which women with eating disorders experience hypersensivity to hormonal change, which
could activate relapse. However, it will also be important to examine additional contextual
factors (e.g., negative life events, personality characteristics and stress) that may predict
remission, relapse, or a new-onset eating disorder during pregnancy, as well as to examine if
there are specific periods during pregnancy that are associated with increased risk of
developing symptoms or remitting.

Furthermore, limited work suggests that eating disorder symptoms affect the normal
functioning of the estrogen system such that increased consumption of binge-type fatty
meals decreases the inhibitory effect of estradiol. This may play a role in the chronicity that
is often observed in eating disorders. The underlying individual differences in the sensitivity
to hormonal fluctuations may increase vulnerability to eating disorder symptoms, while
engaging in the eating disorder symptoms themselves (i.e., binge eating) also serves to
maintain the eating disorder.
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Currently, the treatment of choice for BN and BED is cognitive–behavioral therapy.
Treatment of choice for AN first includes weight restoration and family-based therapy for
adolescents. However, data are limited on how to best treat adults with AN, with some
evidence for the efficacy of cognitive–behavioral therapy after weight restoration [86]. Very
little research has examined the influence of hormone augmentation on eating disorder
symptomatology, especially in regard to AN, so definitive conclusions and
recommendations cannot be made at this time. However, it appears that, at least for some
individuals with BN, oral contraceptives and testosterone antagonists may be a beneficial
adjunct to cognitive–behavioral therapy.

Five-year view
The next 5 years are likely to bring about new and exciting findings in the pathophysiology
and treatment of eating disorders, specifically with regard to the role of reproductive
hormones. Translational studies will need to be at the forefront of this research. Much can be
gleaned from animal models that cannot be accomplished in human samples as hormonal
manipulation in humans is difficult. The findings from these animal models must then be
examined in human populations, which will then inform future animal models. In order to
fully characterize the role of reproductive hormones in eating disorder vulnerability and
maintenance, researchers examining animal populations and researchers examining human
populations will need to work closely together.

There are four specific areas we believe future research should home in on. First, it will be
important to tease apart the role of estradiol versus progesterone. It appears that estradiol has
a direct role in normal food intake while the role of progesterone is indirect. However, it is
currently unclear whether this is also true for eating disorder symptomatology, specifically
binge eating.

Second, it will be important to address individual factors that may influence vulnerability to
reproductive hormone change. Indeed, one report suggests that negative urgency (i.e., rash
action in response to negative affect) moderates the association between ovarian hormones
(i.e., estradiol and progesterone) and binge eating, such that the influence of ovarian
hormones on binge eating is stronger in individuals with high concentrations of negative
urgency [35]. It will also be important to consider how culture and society may fit in, given
the importance that Western society often places on an unrealistic standard of thinness.
Exposure to this cultural thin ideal and the departure from it that typically happens during
puberty (and other periods of reproductive axis change) may interact with an underlying
genetic sensitivity to hormonal fluctuations. For example, when puberty occurs,
internalization of the cultural thin ideal may have a more significant impact on those girls
with an underlying sensitivity to hormonal fluctuations. There are probably many important,
confounding, individual differences influencing sensitivity to reproductive hormone
fluctuation.

Third, exogenous administration of reproductive hormones may have important implications
for eating disorder treatment and the chronicity often observed in these disorders. Compared
with other psychiatric disorders, the knowledge about beneficial pharmacological treatments
for eating disorders is minimal. For AN specifically, pharmacological treatments often show
no benefit until the patient becomes weight-restored. One hypothesis for this is that the
hormonal dysregulation often observed in women with eating disorders influences the
efficacy of psychotropic treatments. For example, it has been postulated that estrogen
supplementation will improve the efficacy of selective serotonin reuptake inhibitors (SSRIs)
in women with AN [87], which are often used in the treatment of BN in an effort to decrease
bulimic symptomatology. Specifically, an initial case report suggests that estradiol facilitates
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the antidepressant effect of fluoxetine in menopausal women with major depression and is
superior to antidepressant or estradiol treatment alone [88]. However, case reports have been
inconsistent with reference to the benefit of augmenting antidepressants with estradiol and
the authors are not aware of any randomized clinical trials [89]. Notably, women with AN
often exhibit estradiol concentrations similar to those observed in menopausal women,
suggesting that this decrease in estradiol may hinder the effectiveness of SSRI treatments. If
the dysregulation in estradiol often observed in eating disorders, especially AN, is
decreasing the efficacy of our standard treatment approaches, this would help to explain the
chronic course and high frequency of relapse often observed.

Paradigms such as this could lead to more individualized treatment approaches – women
who are experiencing hormonal dysregulation along with their eating disorder may receive
the most benefit from hormonal augmentation in conjunction with typical pharmacological
and therapeutic treatments. Moreover, much further down the line, paradigms such as this
may provide insight into a neuroendocrine profile of women at risk for an eating disorder.

Fourth, it will be important to explore additional populations to further our knowledge of the
role of reproductive hormones in eating disorder vulnerability and maintenance. It would be
of great interest to examine other times of substantial reproductive axis change, such as the
menopause transition. During the menopause transition, estradiol and progesterone
concentrations not only decrease substantially, but also fluctuate significantly on a day-to-
day basis. Consistent with what has been observed during puberty and pregnancy, the
menopause transition may be an additional vulnerability period for eating disorder
symptoms. If, in fact, the menopause transition is an additional reproductive axis period of
vulnerability for an eating disorder, this provides support for the hypothesis that it may be
hormonal fluctuation rather than absolute concentrations of reproductive hormones that
increase risk. We would then expect that those women who are susceptible during puberty
and pregnancy to also be susceptible during the menopause transition.

In line with this hypothesis, examining a continuous measure of disordered eating across the
lifespan showed that eating disorder symptoms decrease after age 24 years. However, there
was a slow increase again, with scores peaking during the 45–54 years age range, which is
around the menopause transition [90]. Exploring this additional period of reproductive axis
change would inform our understanding of reproductive hormones as pathophysiological
triggers. Moreover, it will be important for future research to include males and continue
exploring male dominant reproductive hormones (i.e., testosterone) in order to obtain a full
picture of neuroendocrine risk.

Finally, future studies should attempt to develop an integrated model of eating disorders. For
example, estrogens influence many additional psychological and physiological factors that
are associated with eating disorders: depression, stress reactivity, anxiety and the secretion
of appetite hormones – all of which could play a small, yet important role in the culmination
of risk for an eating disorder. Currently, findings are most robust for the impact of estradiol
on binge eating, indicating an ideal starting point from which to initiate this work.
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Box 1. Reproductive hormonal influence on food intake

Estradiol

• Inhibits food intake

• Decreases meal size

• May advance onset of satiety

Progesterone

• Increases food intake in the presence of estrogens

• Estradiol antagonist

Testosterone

• Stimulates food intake

• Increases the number of meals

• Neonatal exposure enhances food intake in adulthood
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Key issues

• There is significant evidence that reproductive hormones play a role in normal
food intake. However, much less research has addressed the role that
reproductive hormones may play in abnormal food intake, such as that observed
in eating disorders.

• Estradiol inhibits food intake while testosterone stimulates food intake. It
appears that progesterone does not have a direct role in food intake, but is an
estradiol antagonist.

• Pregnancy appears to be a high-risk period of relapse for women with a history
of an eating disorder and a possible period of remission for some women with a
current eating disorder.

• Pregnancy is a specific period of vulnerability for new-onset binge-eating
disorder.

• Eating disorder symptoms, specifically binge eating and body dissatisfaction,
show an inverse association with estradiol and positive association with
progesterone.

• Prenatal testosterone may play a protective role in the later development of an
eating disorder.

• Clinical research studies are needed to explore the impact of hormone
augmentation, in conjunction with cognitive–behavioral therapy, in treatment
outcomes for anorexia nervosa.

• Future research should focus on building translational models from animal and
human study findings and developing an integrated model of risk for eating
disorders.
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Figure 1. Changes in reproductive hormone concentrations across the menstrual cycle
The graph is not based on actual data but is meant to provider readers with a general idea of
the change in reproductive hormones that occurs across the menstrual cycle. FSH: Follicle-
stimulating hormone; LH: Luteinizing hormone.

Baker et al. Page 20

Expert Rev Obstet Gynecol. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


