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ABSTRACT
Anorexia nervosa is a disorder of chronic, self-induced negative energy
balance which typically results in a low body weight. Functional
hypothalamic amenorrhea is an adaptive response to states of negative
energy balance and chronic undernutrition. A majority of women with
anorexia nervosa are amenorrheic with resultant hypoestrogenemia, and
longer durations of amenorrhea are associated with lower bone mineral
density in this population. In this review, we highlight studies that have
investigated the effects of estrogen replacement on bone mineral density
in anorexia nervosa, including prospective and randomized studies that
show no benefit to treatment with oral estrogen with respect to bone
mineral density in either adolescent girls or women with anorexia
nervosa. We also review data from a randomized, placebo-controlled
study in adolescent girls and a prospective, open-label pilot study in
women with anorexia nervosa suggesting that transdermal estrogen may
have beneficial effects with respect to bone mineral density in this
population.
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FUNCTIONAL HYPOTHALAMIC AMENORRHEA IN ANOREXIA
NERVOSA
One key hormonal response to states of undernutrition is the directing
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of energy away from the reproductive axis [1]. Although reproduction, an
energetically costly process, is necessary for the survival of a species, it is
not necessary for the survival of an individual, and therefore decreasing
energy expenditure on reproduction is advantageous in states of
undernutrition [1]. This directing of energy away from the reproductive
axis during periods of decreased caloric intake is termed functional
hypothalamic amenorrhea or hypogonadotropic hypogonadism.
Anorexia nervosa is a psychiatric disorder characterized by a state of
self-induced negative energy balance and typically results in a low body
weight due to inappropriately low caloric intake [2]. A majority of women
with anorexia nervosa have functional hypothalamic amenorrhea and
amenorrhea was previously included in the diagnostic criteria for
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anorexia nervosa [3]. Functional hypothalamic amenorrhea, as well as the
other adaptive responses to chronic undernutrition, which include growth
hormone resistance and hypercortisolemia, likely contribute to the
negative consequences of long-term undernutrition [1].
One of the most common negative consequences of chronic
undernutrition is low bone mineral density [4]. Approximately 35% of
women with anorexia nervosa have a bone mineral density value that is
more than 2.5 standard deviations lower than the mean of women of
similar age and an additional 50% of women have a bone mineral density
value more than 1 standard deviation lower than the mean [4]; individuals
with anorexia nervosa also have a higher risk of fracture [5–8]. In fact, a
prospective study showed that women with anorexia nervosa were seventimes more likely to sustain a non-vertebral fracture compared to women
of similar age [9]. Since bone mass accrual occurs during adolescence and
peak bone mass is typically achieved before the age of 30 years old [10], a
disorder such as anorexia nervosa, which most commonly develops
during adolescence [11], can have lifelong effects due to the failure to
achieve peak bone mass [12]. This coupled with the fact that anorexia
nervosa is a chronic disorder with a long-term recovery rate of only
approximately 50–60% [13,14] contribute to a long-term increased risk of
fracture in this population [15].
Functional hypothalamic amenorrhea is a result of disruption in
hypothalamic secretion of gonadotropin releasing hormone [16-20].
Functional hypothalamic amenorrhea is characterized by low estrogen
levels and low estrogen levels increase bone resorption resulting in a loss
of bone mass [21–24]. In anorexia nervosa, the length of time with
amenorrhea is directly associated with decreased bone mineral density,
such that women with longer durations of amenorrhea have lower bone
mineral density [12,25].
ESTROGEN REPLACEMENT IN ANOREXIA NERVOSA
Given the fact that low estrogen levels are common in anorexia
nervosa,

due

to

functional

hypothalamic

amenorrhea,

and

hypoestrogenemia is associated with higher rates of bone resorption, it is
not surprising that estrogen has been investigated as a possible treatment
for the low bone mass in anorexia nervosa (Table 1). Three cross-sectional
studies investigating the effects of prior oral estrogen use on bone mineral
density in anorexia nervosa showed that women with a history of prior
oral estrogen use had higher bone mineral density at the lumbar spine
compared to women without a prior history of use [12,26,27]. Yet
prospective, randomized studies of oral estrogen have not shown the same
benefit [28-30]. Multiple prospective studies in both adult and adolescent
populations, ranging in length from 9 months to two years, demonstrate
that oral estrogen does not result in improvements in bone mineral
density in girls or women with anorexia nervosa (Table 1).
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Table 1. Studies investigating the effects of estrogen on bone mineral density in anorexia nervosa. OCP: oral contraceptive pill;
SD: standard deviation; SEM: standard error of the mean; rhIGF-1: recombinant human IGF-1; N/A: not applicable; BMD: bone mineral
density.
Study

Study design

Anorexia nervosa study population

Estrogen type

characteristics

Follow-up

Findings

time

Seeman et

Cross-

65 women with anorexia nervosa (16

al.,

sectional

women with history of OCP use)

with history of OCP use as compared to those

Mean age of women with history of OCP

without history of OCP use

1992

[12]

OCP

N/A

Mean BMD at lumbar spine greater in women

use: 27.6 ± 1.9 years
Klibanski

Randomized

48 study participants with anorexia

et al., 1995

nervosa (22 randomized to oral estrogen)

[28]

Age range: 16.3–42.5 years with mean

Oral estrogen

Mean: 1.5

No difference in change in spine BMD in oral

years

estrogen versus placebo overall. In women with
baseline ideal body weight of <70%, there was a

age: 24.9 ± 6.9 years (SD)

significant treatment effect: 4% ± 8.9% increase in
spine BMD in estrogen group versus 20.1% ±
16.2%

decrease

in

control

group

(posthoc

analysis)
Karlsson et

Cross-

135 women with active anorexia nervosa

al.,

sectional

(58 women with history of estrogen use

significantly greater in women with history of

for a mean of 4.3 years)

estrogen use as compared to those without

[26]

2000

Oral estrogen

Mean age of women with history of
estrogen use: 28.4 + 1 (SEM) years
Mean age of women without history of
estrogen use: 25.9 ± 0.8 years
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Table 1. Cont.
Study

Study design

Anorexia nervosa study population

Estrogen type

characteristics

Follow-up

Findings

time

Grinspoon

Randomized

60 women with anorexia nervosa (15

OCP

9 months

No difference in change in lumbar spine BMD

et al., 2002

study of OCP

randomized to placebo, 15 randomized

when comparing women randomized to OCP to

[29]

and rhIGF-1

to OCP alone, 16 randomized to rhIGF-1

women randomized to no OCP treatment

alone, and 14 randomized to OCP+rhIGF1)
Mean age: 25.2 ± 0.7 years
Golden
al.,

et

2002

Prospective,
observational

[31]

50 girls/women (13–21 years of age) with

OCP

anorexia nervosa (22 received estrogen)

Mean: 23.1

No difference in change in lumbar spine or

months

femoral neck BMD in estrogen group compared to
group not prescribed estrogen after 1 year of

Mean age: 16.8 ± 2.3 years (SD)

follow-up.
Munoz

Prospective,

38 girls/women with anorexia nervosa

open-label

(mean age: 17.3 years)

Strokosch

Randomized,

43 girls with anorexia nervosa were

et al., 2006

placebo-

included in a study of 112 adolescent girls

after 1 year in subset of patients with anorexia

[30]

controlled

(age: 11–17 years) with either anorexia

nervosa

al.,

et

2002

Oral estrogen

1 year

No significant change in lumbar spine BMD after
1 year of treatment

[32]
OCP

1 year

No difference in change in lumbar spine BMD

nervosa or an eating disorder not
otherwise specified (EDNOS); 18 with
anorexia

nervosa

randomized

to

estrogen
Legroux-

Prospective

Gerot et al.,

observational

2008 [33]

45 girls/women with anorexia nervosa

Estradiol gel

[age range: 15–41 years with mean (SD)
age: 25.3 ± 6.7 years]. Those with a Tscore <−2.5 (n = 12) were treated with
estrogen
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Table 1. Cont.
Study

Study design

Anorexia nervosa study population

Estrogen type

characteristics

Follow-up

Findings

time

Misra et al.,

Randomized,

110 adolescents with anorexia nervosa

Predominantly

18 months

Significant 2.6% increase in lumbar spine BMD

2011 [34]

placebo-

(ages: 12–18 years with mean age: 16.5

transdermal estradiol

after 18 months of treatment in estrogen treated

controlled

years); 55 randomized to estrogen

(100 mcg/day); 96

group compared to 0.3% in the group not treated

participants

with estrogen

randomized to
transdermal estradiol
or placebo and
remaining 14 (bone age
<15 years) randomized
to oral estrogen or
placebo
Resulaj

Prospective,

11 women with anorexia nervosa

Transdermal estradiol

open-label

Mean age: 37.2 ± 2.3 years (SEM)

(45 mcg/day)

Maïmoun

Cross-

305 adolescent and adult women with

OCP (84 participants

et al., 2019

sectional

anorexia nervosa (age range: 14.5–34.9

using estrogen-

greater in women with history of OCP use as

years with mean age of 99 women with

containing OCP and 15

compared to those without history of OCP use

history of OCP use: 22.4 ± 4.6 years (SD)

progestin only)

al.,

et

2020

6 months

2% increase in lumbar spine BMD

N/A

Areal BMD at lumbar spine and femoral neck

[35]

[27]
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WHAT IS THE POSSIBLE REASON FOR THIS LACK OF BENEFIT
OF ORAL ESTROGEN?
Estrogen suppresses IGF-1 production in the liver [36,37]. IGF1 is a nutritionally-dependent hormone with bone anabolic
effects and levels of IGF-1 are decreased in states of starvation due
to growth hormone resistance—an energy-preserving adaption in
states of undernutrition [38]. IGF-1 is suppressed by estrogen in a
route-dependent manner such that oral estrogen suppresses IGF1 to a greater degree than transdermal estrogen [36]. Therefore,
further suppression of IGF-1—a bone anabolic hormone—in
anorexia nervosa by oral estrogen may result in the lack of
benefit with respect to bone mineral density observed in
prospective studies of oral estrogen treatment.
In contrast to oral estrogen, transdermal estrogen leads to an
increase in bone mineral density in adolescents with anorexia
nervosa [34]. An 18-month randomized placebo-controlled study
in adolescent girls with anorexia nervosa demonstrated that girls
(ages 12–18 years) who were treated predominantly with
transdermal physiologic estrogen had a significantly greater
increase (2.6%) in lumbar spine bone mineral density after 18
months as compared to adolescent girls treated with placebo, who
had a 0.3% increase in lumbar spine bone mineral density after
18 months [34]. The doses of estrogen that were used in this study
were also more physiologic than the more potent formulations
used

in

oral

contraceptive

pills

and

importantly

IGF-1

suppression is not only dependent on the route of administration,
but IGF-1 is also suppressed in a dose-dependent manner, such
that lower doses of estradiol are less suppressive than higher
doses [37]. Therefore, this randomized, placebo-controlled study
demonstrated that physiologic estradiol treatment has a
beneficial effect on bone mineral density in adolescent girls with
anorexia nervosa.
CAN WE EXTRAPOLATE THESE DATA TO ADULTS?
Healthy adolescent girls are in a state of bone acquisition
whereas by the age of approximately 20–30 years, the majority of
bone mass has been accrued and peak bone mass has essentially
been achieved [10]. Therefore, bone modeling and remodeling
differ in adolescents as compared to adults. When compared to
healthy adolescent girls, adolescents with anorexia have a lower
bone formation rate but similar bone resorption rate [39–41]. In
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contrast, compared to normal-weight adult women, women with
anorexia nervosa have a lower bone formation rate and a greater
degree of bone resorption [42–45]. These differences in bone
modeling and remodeling in adults versus adolescents likely
contributes to the differences that have been observed in
response to treatments for low bone mineral density in
adolescents with anorexia nervosa as compared to adults [1]. For
example, bisphosphonate treatment has been shown to have a
beneficial effect with respect to bone mineral density in adult
women with anorexia nervosa [46] but not in adolescents with
anorexia nervosa [47]. Similarly, treatment with recombinant
human IGF-1 has beneficial effects on bone mineral density in
adult women with anorexia nervosa [29] but not adolescent girls
[48]. Therefore, although physiologic transdermal estrogen
therapy improves bone mineral density in adolescents with
anorexia nervosa, it also needs to be studied separately in adult
women with anorexia nervosa. We conducted an open-label sixmonth study in women (n = 11) with anorexia nervosa who were
a mean (SEM) of 37.2 ± 2.3 years of age [35]. Study participants
had anorexia nervosa for a median (interquartile range) of 16 (10,
23) years and were amenorrheic for a median of 157 (36, 180)
months [35]. Six months of treatment with a transdermal
estradiol patch (45 mcg/24 h) resulted in a mean 2% increase in
lumbar spine bone mineral density [35]. A significant change in
total hip or femoral neck bone mineral density was not observed
after six-months of treatment [35]. As all individuals with an
intact uterus must be treated with progesterone in addition to
estrogen

to

prevent

endometrial

hyperplasia,

the

patch

administered in the study (Climara Pro; Bayer Pharmaceuticals,
Whippany, NJ, USA) also included levonorgestrel (0.015 mg/day)
[35].

Importantly,

administration

of

continuous

estrogen/progesterone typically does not result in cyclic bleeding
resembling a menstrual period, which is in contrast to oral
estrogen in the form of an oral contraceptive pill. Therefore, oral
contraceptives may have the added negative effect of masking
amenorrhea, as women with anorexia nervosa may have regular,
monthly withdrawal bleeds while using oral contraceptives. In
turn,

this

may

contraceptives

hinder

will

not

recovery,
know

if

as

women

they

are

using

oral

persistently

amenorrheic. Given these promising pilot data suggesting benefit
with respect to bone mineral density in adult women with
anorexia nervosa, we are now studying the effects of this dose of
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transdermal estradiol in an 18-month randomized, placebocontrolled study.
CONCLUSIONS
Although amenorrhea is no longer a part of the DSM criteria
for anorexia nervosa, a majority of women with anorexia nervosa
have

functional

hypothalamic

amenorrhea

and

resultant

hypoestrogenemia [2,3]. Although duration of amenorrhea is
associated with bone mineral density, such that the longer the
duration of amenorrhea the lower the bone mineral density in
women with anorexia nervosa [12,25], prospective studies
investigating the effects of oral estrogen use, predominantly in
the form of an oral contraceptive pill, on bone mineral density
have not demonstrated

benefit.

In

contrast,

physiologic,

transdermal estrogen use has been shown to be beneficial with
respect to bone mineral density in adolescent girls with anorexia
nervosa. As data from adolescent studies cannot be extrapolated
to adults due to differences in bone modeling and remodeling in
the two populations, the effects of physiologic, transdermal
estrogen must also be studied in adults [1]. Preliminary, openlabel data in women with anorexia nervosa suggest that
transdermal estrogen may also be beneficial in this population
[35] and a randomized, placebo-controlled study is currently
underway investigating its effects on bone mineral density in
women with anorexia nervosa.
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