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Abstract

The menstrual cycle is a reproductive vital sign and provides insight into hormonal imbalance as
well as pregnancy. The significance of estrogen, however, extends beyond fertility and plays a role
on tissues and organs throughout the body. Functional hypothalamic amenorrhea is a common
form of secondary amenorrhea resulting in estrogen deficiency in young premenopausal women.
While reversible, the cause of this disorder is related to psychological stress, excessive exercise,
disordered eating or a combination of these factors resulting in suppression of the hypothalamic—
pituitary—ovarian axis. The resulting loss of estrogen has profound effects on many systems
throughout the body including cardiac, skeletal, psychological and reproductive. Often, these
young women are the ‘walking well” as they do not have bothersome symptoms of low estrogen
and are unaware of the consequences of estrogen deficiency. This review focuses on the health
consequences of hypothalamic amenorrhea, current research and available treatment options.

Keywords

amenorrhea; estrogen; cardiovascular; premenopause

INTRODUCTION

The impact of estrogen deficiency has been extensively studied in menopause, however the
impact of estrogen deficiency in young women lacks attention. Menopausal women have an
increased risk of cardiovascular disease (CVD) due to the unfavorable shift of risk factors
such as cholesterol and blood pressure resulting from low estrogen.! Bone health is also
impacted as the most rapid amount of bone loss occurs the first year after menopause.?
Menopause and low estrogen levels can also interrupt overall mental health with increased
rates of depression and anxiety.3 While these consequences have been well-studied in the
menopausal woman, a similar phenomenon occurs in young premenopausal women with
secondary amenorrhea due to estrogen deficiency. This review will focus on the
cardiovascular, skeletal, psychological and reproductive impact of hypoestrogenemia in
premenopausal women and discuss possible treatment interventions.

Corresponding Author: Chrisandra Shufelt, MD, MS (Chrisandra.Shufelt@cshs.org) 8631 W. Third Street, Suite 740 East, Los
Angeles, CA 90048.

Conflicts of Interest/Financial Disclosure: None



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shufelt et al. Page 2

ESTROGEN DEFICIENCY IN PREMENOPAUSAL WOMEN

One of the top causes of secondary amenorrhea is functional hypothalamic amenorrhea
(FHA) which results in severe hypoestrogenemia and cessation of the menstrual cycle. Three
main types of FHA are psychological stress, intense exercise, and disordered eating, making
this a relevant women’s health issue. According to the American Society of Reproductive
Medicine, FHA is responsible for 20-35% of secondary amenorrhea.? It is estimated that
FHA effects about 1.62 million women between the ages of 18 and 44 years in the US and
17.4 million women worldwide.>~"

The mechanism of FHA is due to suppression of gonadotropin releasing hormone (GnRH) in
the hypothalamic-pituitary-ovarian axis resulting in low follicle stimulating hormone (FSH)
and luteinizing hormone (LH) being released from the anterior pituitary.® Due to this
impaired feedback mechanism, the ovarian granulosa cells do not receive a signal to produce
estradiol. Therefore, endometrial thickening does not occur during the follicular phase
resulting in amenorrhea in an otherwise healthy woman. The diagnosis of FHA is defined as
amenorrhea for at least 3 consecutive months, with estradiol (E2) <50 pg/ml, FSH<10
mlU/ml, and LH<10 mlU/mI with the exclusion of other etiologies including anatomic and
other pathologies such as thyroid dysfunction, hyperprolactinemia, premature ovarian
insufficiency (POI), and polycystic ovary syndrome.® While this condition is reversible, the
diagnosis is a diagnosis of exclusion. Importantly FHA is a condition that occurs during the
peak of a woman’s reproductive years, resulting in anovulation and infertility.

CARDIOVASCULAR CONSEQUENCES

Cardiovascular disease remains the leading cause of death in women in the United States.
Recent data indicate that CVD death rates are /ncreasing in premenopausal women while
decreasing in both postmenopausal women as well as men.10 The traditional risk factors for
heart disease such as age, blood pressure, diabetes and cholesterol are not adequately
predicting CVD risk in young women, leaving a significant amount of risk unexplained.
Estrogen in a healthy blood vessel is a potent vasodilator via nitric oxide production. At the
vascular level, estrogen-mediates inflammation, oxidative stress and over long-term estrogen
increases endothelial-cell growth and inhibits smooth muscle cell proliferation. While there
is much known about the cardiovascular impact of estrogen loss on postmenopausal woman,
little is known about the impact on young, premenopausal women.

Animal data in cynomolgus monkeys has established that premenopausal CVD is strongly
determined by estrogen status characterized by hypoestrogenemia.ll Specifically, when
young premenopausal monkeys are subjected to environmental stress due to frequent cage
rotation and constant re-establishment of social hierarchical position; they develop a stress
reaction that is characterized by a reduction of the central brain hormones that stimulate the
ovaries, reproducing FHA.12 Menstrual cycling becomes irregular or ceases, fertility is low
or absent, and estrogen levels fall due to ovarian shut down. The monkeys have abnormally
low FSH and LH, as well as low E2 and progesterone levels.12 These young estrogen
deficient monkeys subsequently develop abnormal coronary vasomotion and atherosclerosis
as measured in the iliac artery, a ‘surrogate’ for the coronary arteries.® In addition, the
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female monkeys that maintain normal ovarian function and estrogen levels are protected
from CVD. These results suggest strongly that environmental stress is a cause of amenorrhea
and infertility among monkeys, and that the resulting estrogen deficiency can cause CVD.
Furthermore, maintaining estrogen levels by administering oral contraceptive therapy to
premenopausal monkeys for a 2-year period was found to be protective against the
development of atherosclerosis in at-risk monkeys.13

Several lines of clinical evidence also link hypoestrogenemia in young women to premature
CVD. An early clinical sign of hypoestrogenemia is menstrual cycle irregularities. Prior
research from the Nurses’ Health Study of over 82,000 women that self-reported menstrual
cycle history demonstrated that the more irregular the menstrual cycle in young women the
greater the risk for future CVD events; up to a 50% increase.1* Menstrual cycling
irregularities have also been associated with uterine atherosclerosis which lead to early
menopause.1® Early menopause, defined as menopause <45 years old, is associated with
accelerated atherosclerosis and a two and a half fold increased risk of CVD compared to
age-matched premenopausal women (95% Cl 2.05-3.35),16-181920

Genetic conditions that results in severe estrogen deficiency include Turner’s syndrome, 45
X, and primary ovarian insufficiency, 46, XX. Turner’s syndrome is an X-chromosomal
defect that results in ovarian dysgenesis and lifelong estrogen deficiency and associated with
a reduced life expectancy with the main cause of death being cardiovascular complications
including a seven-fold higher rate of CVD.2! Additionally, women with Turner’s syndrome
have higher rates of hypertension, hyperlipidemia, diabetes, and obesity. In a cross-sectional
study of women in their early 30’s, women with either Turner’s syndrome or primary
ovarian insufficiency had a significantly thicker carotid intimal medial thickness (CIMT), a
marker of subclinical atherosclerosis, compared to normal controls of similar ages. (0.61
+0.07 mm; 0.60 + 0.05, and 0.55 + 0.06, p<0.001, respectively).22

The Women’s Ischemia Syndrome Evaluation (WISE) studied women undergoing a
clinically-indicated coronary angiogram as part of their regular medical care for chest pain
symptoms or suspected myocardial ischemia.?® In 95 premenopausal women enrolled,
women were evaluated for hypothalamic hypoestrogenemia defined as estradiol <184 pmol/I
(50 pg/ml), FSH < 10 IU/L, and luteinizing hormone <10 IU/L. Thirteen premenopausal
women with CVD had significantly lower estradiol, bioavailable estradiol, and FSH (all p <
0.05), compared to the 82 premenopausal women without angiographic CVD, even after
controlling for age. Estrogen deficiency was significantly more prevalent among the women
with CVD compared to those without (69% vs 29%, respectively, p=0.01). In statistical
modeling, estrogen deficiency was found to be the most powerful predictor of angiographic
CVD.

BONE CONSEQUENCES

Estrogen deficiency significantly effects bone status and serves as a key factor in regulating
adequate bone metabolism in the skeletal system.24 By stimulating osteoblast (bone-
building) activity, estrogen promotes the formation of certain growth factors including
transforming growth factor beta (TGF-B), insulin-like growth factor 1 (IGF-1), and bone
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morphogenetic protein 6 (BMP6).24 However, in estrogen-deficient women, such as those
with FHA, bone production is suppressed due to osteoblast apoptosis, which results in
diminished growth factor production.2® In turn, the absence of estrogen promotes osteoclast
(bone-resorption) activity by decreasing osteoprotegerin gene expression, which prevent the
inhibition of osteoclast formation.2 The rise in osteoclasts further increases the formation of
RANKL (receptor activator of nuclear factor kappa B ligand), macrophage-colony
stimulating factor (M-CSF), interleukin-6 (IL-6), interleukin-1 (IL-1), and tumor necrosis
factor-a (TNF-a) which further leads to bone deterioration.24 The loss of estrogen resulting
from FHA poses a serious risk to young women for developing osteopenia or osteoporosis at
an early age and over a lifetime.

Bone mineral density (BMD) uses x-rays to determine the amount of mineral in the bones,
including calcium the primary structural element of bone density and serves as a measure of
bone strength.26 The connection between estrogen and calcium absorption is most noted in
the intestinal tract. Hypoestrogenemia negatively impacts the absorption of calcium through
the intestine thereby decreasing the availability of calcium for bone reabsorption.2” Without
calcium available, the cascade of bone loss in women with FHA continues.2”

Reduced BMD due to low estrogen results in diffuse bone loss seen in the trabecular
(spongy) bone underscoring the severity of FHA on the skeletal system.24 It is estimated the
mean BMD of a young women with only six months of hypoestrogenemia is equivalent to
that of a woman 51.2 years of age.?8 The timing and duration of amenorrhea is also
important with respect to the amount of bone loss. In a prior study of 24 women with FHA
compared to 31 normal, age-matched women, 83% were diagnosis of osteopenia. Notably,
the more severe osteopenia was found in the women with prolonged amenorrhea, however
the most profound decline in BMD occurred early after onset of amenorrhea.2?: 30 This
study highlights the similarity of the bone loss that occurs the first year in post-menopausal
women, reiterating the importance of maintaining estrogen levels in premenopausal women.

Women with FHA have also been found to have higher cortisol levels in both the
cerebrospinal fluid and peripheral circulation than eumenorrheic women.31-33In one study
of 19 women with hypothalamic amenorrhea, 30 women with anorexia nervosa, and 30
eumenorrheic age-matched controls, urine free cortisol was inversely related to osteocalcin,
a marker of bone formation, concluding that elevated cortisol levels leads to bone loss
(p=0.03).34 Consequentially, cortisol dysregulation severely impacts bone health through
several mechanisms. Elevated cortisol has been associated with an imbalance in vitamin D
absorption and metabolic-related hormones such as parathyroid and thyroid hormones,
which are essential for maintaining normal BMD.3%: 3¢ Hypercortisolemia can lead to a
decrease in osteoblast activity and inhibits intestinal calcium absorption due to the increased
secretion of parathyroid hormone.36

Hypothalamic amenorrhea also results in hypothyroidism by suppressing thyroidal axes,
which effects the basal metabolic rate. Particularly, triiodothyronine (T3) and thyroxine (T4)
are reduced in women with FHA while TSH levels are uneffected.3! Hypothyroidism
impairs bone formation and growth retardation due to the negative effect of thyroid
deficiency on bone metabolism.37 The rate of bone formation is decreased by 50% while the
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rate of bone resorption is decreased by 40%, leading to a greater amount of bone lo0ss.38 In
turn, amenorrheic athletes experience constant metabolic alterations and energy deficits due
to greater energy expenditure and caloric restriction from these various factors.3! These
metabolic disturbances including hypercortisolemia, hypoleptinemia, and hypothyroidism
may have immediate and long-term effects on bone health.

The term “female athlete triad” is a syndrome used to describe a type of FHA with three
interrelated conditions: amenorrhea, osteoporosis, and disordered eating.3? These
components are becoming increasingly prevalent among competitive female athletes,
especially among those who participate in strenuous sports where leanness is highly
encouraged such a competitive runners and swimmers.3? After the passing of Title IX of the
Educational Amendments Act in 1972, the term female athlete rose in popularity as more
women took part in routine exercise.3! In one study comparing 669 female athletes to 607
nonathlete controls, athletes reported more stress-related fractures and menstrual
irregularities compared to nonathletes (p<0.05).39 Despite the fact that these at-risk factors
have been frequently observed in women trying to excel in their sports, the female athlete
triad remains an under-recognized concept, which puts more women with these factors at
greater risk of worsening their symptoms if they are not detected early. Therefore, more
awareness is needed to expose the detrimental impact of excessive exercise, stress, and
disordered diet on bone status.

PSYCHOLOGICAL IMPACT

While psychological stress can result in FHA, this relationship is bidirectional, in that FHA
greatly impacts the psychological status of effected individuals. Women with FHA have
significantly higher depression scores, greater anxiety, and increased difficulty coping with
daily stress as compared to healthy controls (p<0.05).40 Despite increased anxiety and
depressive traits these women fail to seek professional help once they experience menstrual
irregularities. Increased stress is also associated with higher cortisol levels and serves as a
likely mediator of mood impairments, leading to a large array of psychiatric symptoms like
anxiety and depression.3% According to one study of 21 healthy controls, 18 amenorrheic
women with anorexia nervosa, and 13 normal-weight women with FHA, cortisol levels
showed a strong correlation with anxiety and depressive symptomology based on the
Hamilton Rating Scale for Anxiety (HAM-A) and Depression (HAM-D) (p=0.002).3% The
link between disordered mood and hypercortisolemia is complex, however recent findings
have shown that stress disrupts the GnRH neural network, which in turn suppresses the
GNnRH drive.40

Women with FHA also have more dysfunctional attitudes such as perfectionistic behavior
and extra attention to the judgments of others in comparison to their eumenorrheic
counterparts.*! For instance, amenorrheic women generally express greater concern for their
physical appearance and fear of gaining weight, both which impacts eating habits and stress.
In one such study that included 8 women with FHA and 8 women with normal menstrual
cycles, FHA patients exhibited markedly different dietary habits from the reference controls
and consumed 50% less fat (p<0.001), twice as much fiber intake (p<0.05), and more
carbohydrates (p<0.05) due to their intensified desire for thinness and depressed mood.*2 A
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high rate of eating disorders such as binge eating has also been noted in women with FHA
due to their psychological fixation on physical appearance. In a study with 95 amenorrheic
women, 41% suffered from an eating disorder with 27% specifically experiencing binge
eating disorder.*3 In addition to these external concerns, FHA women also report greater
internal feelings of insecurity, inadequacy, and lack of control over their lives.? While the
exact mechanism of mood disturbance in FHA remains unknown, there is significant overlap
between metabolic factors and psychosocial stressors that work synergistically to bring
about FHA 40

The effect of FHA on mood and other psychological traits is linked to sex steroid levels,
most importantly estrogen.*4 Various fluctuations in neuropeptides and neurotransmitters are
related to hypoestrogenemia in women with FHA. The presence of estrogen influences many
areas of the brain including to the hypothalamus, cerebellum, nigrostriatal and mesolimbic
system, amygdala, hippocampus, cerebral cortex, and brainstem.*> In turn, cognitive
behavior and mood modulation are impacted. Many neurotransmitter and neuromodulator
systems are also effected including fluctuations in the production of serotonin and
dopamine, which both serve as neurotransmitters that regulate mood.*> Specifically, low
serotonin and dopamine levels in the brain give rise to the onset of depression.*6 Estrogen
further modulates a variety of neurotransmitters including serotonin, acetylcholine,
dopamine, and norepinephrine.*” Animal models have demonstrated that changes in
estrogen directly effect serotonin transmission, binding, and metabolism in the cognitive
regions of the brain.4” Human data further support the role of estrogen and its impact on
serotonin, as estrogen increases cortical 5-HTy binding, serotonin receptors, thereby
influencing emotion regulation and cognitive function.

FERTILITY CONSEQUENCES

It is important to recognize that FHA is a condition that occurs during peak reproductive
years, resulting in anovulation and infertility. Often, these young women are the “walking
well” as they do not have bothersome symptoms of low estrogen and are unaware of the
consequences of estrogen deficiency. During routine, well-women exams, the diagnosis can
also be overlooked and usually not made until a woman is attempting pregnancy. Health care
providers should to understand the impact of FHA and educate women about the
repercussions on future fertility.

The hypothalamic dysfunction associated with FHA results in decreased or inhibited GnRH
secretion, which effects the pulsatile release of pituitary gonadotropins, LH and FSH,
resulting in estrogen deficiency and anovulation.3! Without the presence of estrogen, the
ovary cannot stimulate follicles, nurture an ovum, and release it from the ovary into the
fallopian tube for fertilization. Endometrial thickening is also prevented as the lack of
cyclical changes of estradiol and progesterone concentrations leads to abolished endometrial
lining.48 Anovulation is a major characteristic of FHA, so patients with this condition are
unable to become spontaneously pregnant.

While this condition is a reversible cause of secondary amenorrhea, untreated and prolonged
FHA can impact reproductive health. The disorder can lead to atrophic changes in the
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urogenital mucosa and in the muscles of the uterus.*® The estrogen deficiency of FHA
parallels that which is seen in postmenopausal women. The earliest sign of estrogen
deficiency is decreased vaginal lubrication, followed by other vaginal and urinary symptoms
that may be exacerbated by superimposed infection.?? The thinned endometrium and
increased vaginal pH level predispose the genitourinary tract to infection and mechanical
weakness. 0

Even though few studies directly address FHA and subsequent pregnancy with birth
complications, there is research that concludes psychological stress and low BMI increase
the chance of high-risk delivery. It is common for FHA women to present a low body mass
index while attempting pregnancy. Low BMI is directly linked to an increased risk of
miscarriage and preterm delivery in both women who become pregnant spontaneously and
after fertility treatment.51 52 |n a study of 603 women whose most recent pregnancy had
ended in first trimester miscarriage (<13 weeks gestation) and 6,116 women whose most
recent pregnancy had progressed beyond 12 weeks, it was found that underweight (BMI <
18.5) women were 72% more likely to miscarry in the first trimester.53 Additionally, in a
German study, low BMI was one of the main risk factors for preterm delivery defined as
delivery prior to 37 weeks gestational age.>2

The psychological health of a mother plays an important role in fetal development. One
study of 865 pregnant women that were interviewed three times over the duration of their
pregnancy found that low birth weight and prematurity were a direct result of maternal
distress.>* Results have also concluded that healthy eating, reduced stress, and improved
emotional wellbeing help women in early pregnancy to decrease their risk of miscarriage.>3
These causes for miscarriage and preterm labor are important for the FHA woman whose
amenorrhea is due to stress, excessive exercise, and disordered eating.

TREATMENT OPTIONS

The aim of FHA treatment is to re-establish a regular ovulatory menstrual cycle. The choice
and success of treatment depends upon the ability to identify the correct etiology:
psychological stress, excessive exercise, or disordered eating. However, it is not uncommon
for a woman to have more than one of these overlapping factors.

Most women who present to the medical provider with a diagnosis of FHA are prescribed
oral contraceptive therapy (OCP). While the use of OCPs is an estrogen replacement and
will provide a withdrawal bleed, it is not intended to support the resumption of normal
endogenous hormone activity. The underlying etiology of the FHA still needs to be
addressed. Studies have not shown support for the use of OCPs to prevent further bone loss
associated with FHA, as changes in BMD and BMC are unrelated to their use.54 Therefore,
OCPs should not be thought of as a treatment option to prevent further bone loss or to return
a healthy menses.

Cognitive behavioral therapy (CBT) is a successful treatment option for FHA due to
psychological stress and results in resumption of ovarian activity. In one study, 16 women
with FHA were randomized to 16 CBT sessions or observation over a 20-week period.
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55Among women that received CBT, 7 (87.5%) resumed ovarian activity compared to 1
(12.5%) in the observation group.®® Furthermore, CBT restored estradiol and progesterone
levels over the 20 week period. In another study, CBT lowered cortisol levels, and increased
leptin and TSH levels in women with FHA.56 These results provide evidence of a connection
between the metabolic and psychologic domains. Success from CBT underscores the need in
FHA women to alter patterns of thinking and behavior as well as a non-medication
alternative for treatment. Future studies should focus on the long-term impact of CBT and
FHA.

Leptin, an adipose-derived hormone, is recognized as a mediator of energy intake and
expenditure and greatly influences body weight by regulating appetite and metabolism.>” In
women with FHA, low leptin levels are due to decreased fat mass leading to a reduction in
GnRH secretion and hormonal imbalance.58 59 Leptin replacement therapy, administered as
subcutaneous recombinant methionyl human leptin (r-metHuLeptin) twice daily for 2-3
months in women with FHA was found to increase markers of bone-formation, suggesting
that leptin plays a role in bone density.>® Leptin replacement therapy also resulted in
follicular growth and ovulation as well as increasing circulating estradiol, LH, and thyroid
hormone.59

The treatment for anovulatory infertility associated with FHA is hormonal based. For
women with FHA, induction agents typically used for anovulation do not work without
proper hypothalamic function and require sufficient levels of endogenous estrogen.
Consequently, clomiphene citrate and letrozole are not ideal options for these women.
Human menopausal gonadotropin (HMG) is a combination of LH and FSH and as an
injection will stimulate ovaries to induce ovulation. As with all ovarian stimulation
hormones, there is risk of multiple pregnancies and hyperstimulation syndrome.5% Several
studies also report ovulation and pregnancy after intermittent subcutaneous low-dose pulses
of GnRH in women with presumed GnRH deficiency.61 Although this treatment provides an
effective and physiologic method of restoring reproductive function in FHA and minimizes
the chance of multiple pregnancy, the GnRH pump is currently unavailable in the US and
clinical trials are ongoing.%1 Kisspeptin, a principal regulatory protein important for
initiating secretion of GnRH, has been studied in smaller pilot samples as an intravenous
infusion however it is also not clinically available and more research is needed to
demonstrate LH pulsatility.52 For these reasons, most physicians discuss in vitro fertilization
as a safer and effective treatment option. In a study of 27 FHA patients, 81.8% of menstrual
cycles initiated with recombinant FSH and HMG with GnRH agonist, proceeded to embryo
transfer.53 Despite unexpectedly high spontaneous loss and multiple pregnancy rates, there
was a fertilization rate of 57.6%.53

CONCLUSION

Hypothalamic amenorrhea is a prevalent disorder in young women that occurs at the peak of
reproductive life. While it remains a diagnosis of exclusion, medical professionals should be
aware of the long-term health consequences of low estrogen levels that go beyond the
reproductive system. Hypoestrogenemia in young women has been associated with abnormal
vascular function and premature CVD. Similar to recently postmenopausal women, women
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with FHA can begin to experience bone loss in as little as six months of amenorrhea, leading
to premature osteoporosis. Women with FHA are further susceptible to anxiety and
depressive traits, yet unaware of the connection, young women fail to seek professional help
once they experience menstrual irregularities. While several treatment options have been
explored, more research and awareness is needed in this important area of women’s health.
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