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Abstract: The aim of the study is to present the problem of functional hypothalamic amenorrhea,
taking into account any disease and treatment, diagnosis, and consequences of this disease. We
searched PubMed (MEDLINE) and included 38 original and review articles concerning functional
hypothalamic amenorrhea. Functional hypothalamic amenorrhea is the most common cause of
secondary amenorrhea in women of childbearing age. It is a reversible disorder caused by stress
related to weight loss, excessive exercise and /or traumatic mental experiences. The basis of functional
hypothalamic amenorrhea is hormonal, based on impaired pulsatile GnRH secretion in the hypotha-
lamus, then decreased secretion of gonadotropins, and, consequently, impaired hormonal function of
the ovaries. This disorder leads to hypoestrogenism, manifested by a disturbance of the menstrual
cycle in the form of amenorrhea, leading to anovulation. Prolonged state of hypoestrogenism can
be very detrimental to general health, leading to many harmful short- and long-term consequences.
Treatment of functional hypothalamic amenorrhea should be started as soon as possible, and it should
primarily involve lifestyle modification. Only then should pharmacological treatment be applied.
Importantly, treatment is most often long-term, but it results in recovery for the majority of patients.
Effective therapy, based on multidirectional action, can protect patients from numerous negative
impacts on fertility, cardiovascular system and bone health, as well as reducing mental morbidity.

Keywords: functional hypothalamic amenorrhea; weight loss; exercise; stress-induced amenorrhea;
bone mineral density; cardiovascular system

1. Introduction

Nowadays, more and more physicians, including gynecologists, are becoming aware
of the tremendous impact of various types of stress has on women’s health, particularly
on the reproductive system. Stress related to insufficient nutrition, excessive physical
effort and psychological experiences have a negative impact not only on reproduction,
but on the entire human body. Functional hypothalamic amenorrhea (FHA) is the term
used to describe lack of menstruation resulting from various kinds of stress, diagnosed
after excluding other etiologies of amenorrhea. It is a common cause of hypogonadotropic
hypogonadism in women, occurring in the absence of structural lesion. FHA is responsible
for approximately 30% of secondary amenorrhea in women of reproductive age and
approximately 3% of primary amenorrhea [1,2].

The origin of FHA is believed to rely on impaired pulsatile gonadotropin releasing
hormone (GnRH) secretion. Abnormal GnRH secretion causes a reduction in the pulses
of both the luteinizing hormone (LH) and follicle stimulating hormone (FSH). As a con-
sequence, there is no increase in LH secretion in the middle of the menstrual cycle, a
lack of proper follicular development, successive anovulation and a low serum estradiol
(E2) concentration [3]. It is said that FHA may have a genetic predisposition, such as
heterozygosity for congenital hypogonadotropic hypogonadism [4]. Hypoestrogenism
that results from the inhibition of the hypothalamus-pituitary- ovarian (HPO) axis has
profound effects on many systems throughout the body, including reproductive, cardiac,
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skeletal and psychological. That is why it is so important to apply appropriate treatment
as soon as possible to prevent numerous short- and long-term health consequences [5].

Initial management should focus on treating the underlying cause, that is, trying
to gain weight, limiting exercise, or avoiding emotional stress. In situations where such
treatment is not effective, hormone replacement therapy should be used to maintain normal
estrogen levels, or if the patient wishes to become pregnant, treatment focused on ovulation
induction or in vitro fertilization (IVF) [6].

2. Patophysiology

The mechanisms responsible for the development of FHA are not fully understood
and still seem unclear. Certainly, numerous neurotransmitters and neurosteroids play an
important role in the regulation of the hypothalamic-pituitary-ovarian axis, therefore they
most likely also play a role in the pathophysiology of FHA. The most important seem to
be kisspeptin, leptin, beta-endorphin, neuropeptide Y (NPY), ghrelin, and corticotropin
releasing hormone (CRH). Kisspeptin, which is a product of the KiSS-1 gene and its G.
The receptor coupled to the GPR54 protein plays a key role in regulation of reproductive
functions. Kisspeptin/GPR54 the system stimulates the hypothalamic-pituitary-ovary axis,
but can also directly stimulate the secretion of GnRH from the hypothalamus [7].

The 2017 Endocrine Society Clinical Practice Guidelines on FHA stress that FHA
is a form of chronic ovulation caused not by an organic cause, but by various types of
stress, resulting from weight loss, excessive physical exertion or traumatic psychological
experiences [2].

First of all, the influence of different kinds of stress may negatively affect reproduction
along the entire hypothalamic-pituitary-ovarian axis. FHA is characterized by a disturbance
in pulsatile GnRH secretion, leading to a reduction in the amplitude and/or frequency of
gonadotropin pulses and anovulation. Varying neuroendocrine patterns of LH secretion
can be observed in women with FHA. Regarding serum FSH levels, low or normal levels
are reported, but often above LH levels [8]. Low energy availability due to increased caloric
expenditure and/or insufficient caloric intake can have a negative inhibitory effect on
the HPO axis, redirecting energy from reproductive processes to more vital systems for
survival [9].

Additionally, the effect on the axis of growth hormone and insulin-like growth factor 1
(GH- IGF-1) in a situation of energy deficiency, either due to reduced caloric consumption,
excessive energy expenditure or both, is a reduced IGF-1 level, despite an increase in GH
levels, as a result of a nutritionally acquired resistance to GH [10].

Another hormone axis that suffers from FHA is the adrenal axis. Strong stressful
situations can interact by activating the hypothalamus-pituitary-adrenal (HPA) axis [11].
This activation is associated with increased secretion of the hypothalamus of the corti-
cotropin releasing hormone (CRH), corticotropin (ACTH) and adrenal cortisol. CRH works
by inhibiting the frequency of GnRH pulses, while cortisol inhibits reproductive function
at the hypothalamus, pituitary and uterine levels. Therefore, in women diagnosed with
FHA, we most often observe higher basal cortisol levels and diminished ACTH and cortisol
responses to CRH stimulation. This is most likely secondary to the negative feedback
associated with hypercortisolemia and elevated ACTH levels [12].

Kondoh Y. et al. in a study published in 2001, assessed disorders of the HPA axis in
women diagnosed with FHA. Researchers studied 24 women diagnosed with progestin-
negative hypothalamic amenorrhea, administered with human corticotropin-releasing
hormone (hCRH) and treated with estrogen-progestogen therapy. Researchers focused
their attention on both cortisol and ACTH assays and the time needed to recover. Basal
cortisol levels were statistically significantly higher in patients with FHA. On the other
hand, the concentrations of both cortisol and ACTH observed 30 and 60 min after hCRH
administration were statistically significantly lower in patients with FHA compared to
healthy women. Additionally, in this study a positive correlation was found between basal
cortisol levels in patients with FHA and the time needed for recovery [13].
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The numerous hormones that regulate energy intake or expenditure are also affected
by FHA. Low energy availability is associated with changes in the concentrations of many
hormones that serve as peripheral metabolic signals to regulate reproductive function, as
well as appetite and satiety, and thus energy consumption, or reduce energy expenditure.
In patients with FHA, increased levels of the appetite-stimulating hormone ghrelin were
observed, secreted by the oxyntic cells of the gastric fundus. This could most likely be
an adaptive action to stimulate caloric intake in states of malnutrition. Elevated ghrelin
concentrations may impair GnRH secretion and lead to hypogonadism [14]. Patients with
FHA are also characterized by lower levels of leptin, adipokine, which is secreted by fat cells.
It is an appropriate adaptive response to encourage food intake in malnutrition conditions.
Under physiological conditions, leptin has a positive effect on the secretion of GnRH,
thus it affects the entire HPO axis [15]. Additionally, energy deficit states during FHA,
leads to disorders of the hypothalamic-pituitary-thyroid axis, causing hypothyroidism by
suppressing the thyroid axis. As a consequence, it has an impact on lowering the basic
metabolism. In patients with FHA, we observe thyroid-stimulating hormone (TSH) at an
unchanged level, while particularly triiodothyronine (T3) is decreed and free thyroxine
(T4) present normal to low levels. Therefore, resting energy expenditure is low in states of
low energy availability. Hypothyroidism can lead to impaired bone formation and growth
retardation due to the negative effects of the thyroid gland bone metabolism deficiency.
The rate of bone formation is reduced by 50%, while the rate of bone resorption is reduced
by 40%, leading to greater bone loss. [16].

Patients who practice sports intensively for long periods are at an increased risk of
developing FHA. The “female athlete triad” is the coexistence of lower energy availability,
disorders of the menstrual cycle and reduced bone mineral density. All three of these
“female athlete triad” factors are becoming more and more common among competitive
athletes, especially among those who practice strenuous sports such as competitive running,
swimming or ballet, in which there is a particular emphasis on thinness. Athletes have
more stress-related fractures and menstrual cycle disorders compared to what is seen in
non-athletes. Women suffering from the “female athlete triad” are more likely to experience
the long-term consequences of FHA, such as decreased bone mineral density. Therefore,
it is so important to develop awareness among this group about the negative effects of
excessive exercise, stress and disturbed diet [17].

An interesting point is that there is considerable variability in the degree of weight loss
or physical exertion necessary to induce amenorrhea. This provides grounds for consider-
ing the genetic predisposition of individual women to develop FHA. Many gene mutations
such as (KAL1, FGFR1, PROKR2, GNRHR) have been identified in patients with congenital
GnRH deficiency. Rare variants exist in the genes associated with idiopathic hypogo-
nadotrophic hypogonadism in FHA patients. This suggests that individual mutations may
contribute to a greater or lesser susceptibility of women to functional changes, such as exer-
cise, stress or weight loss. It follows from this that depending on individual mutations and
genetic conditions, sensitivity to the inhibition of the hypothalamic—pituitary—gonadal
axis by such stressors varies substantially. However, it is not known exactly whether this
susceptibility reflects a genetic predisposition to hypothalamic amenorrhea [4].

3. Diagnosis of FHA

The diagnosis of FHA is associated with amenorrhea associated with low serum levels
of gonadotropins and hypoestrogenism. Additionally, it is essential to find the cause of
these symptoms, i.e., a stress factor such as low body weight, exercise or emotional stress.
FHA diagnosis is made by exclusion, and it is very important to rule out other causes
of amenorrhea.

The assessment of a patient with FHA should focus on a thorough medical history
and gynecological examination. In particular, the interview must include gathering infor-
mation on the relationship between disturbances in the menstrual cycle and weight loss,
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overexertion or experienced work- or study-related stress and personal stress, in addition
to psychiatric disorders such as anxiety and depression.

The next step in the appropriate evaluation of patients with FHA is biochemical testing.
In addition to excluding pregnancy and testing for hCG levels, thyroid-stimulating hor-
mone (TSH), free thyroxine (T4), prolactin, luteinizing hormone (LH), follicle-stimulating
hormone (FSH), estradiol (E2), and antiMullerian hormone (AMH) should be measured.
Additionally, complete blood count, electrolytes, glucose, bicarbonate, blood urea nitro-
gen, creatinine, liver panel, and (when appropriate) sedimentation rate and /or C-reactive
protein levels should be performed. If symptoms of hyperandorgenism are present, andro-
gen testing should be performed. After excluding pregnancy, administering a progestin
challenge in patients with FHA is recommended to induce withdrawal bleeding (as an
indication of chronic estrogen exposure) and ensure the integrity of the outflow tract.

Imaging studies in patients with FHA include transabdominal or transvaginal ultra-
sound and magnetic resonance imaging (MRI) of the sella region in cases of unexplained
hypogonadotropic hypogonadism.

Another essential test that should not be forgotten is bone densitometry. If the amen-
orrhea lasts more than six months or in patients with an additional risk factor of low bone
mineral density (BMD) (significant nutritional deficiencies or eating disorders), dual-energy
x-ray absorptiometry (DXA) should be performed to indicate baseline BMD and to help
guide and monitor treatment [18].

Due to the possibility of mood disorders in patients with FHA, tests to assess anxiety
and mood disorders should be performed.

Standard fertility assessments should be performed by all patients with FHA.

4. Consequences of FHA

Women with FHA are exposed to numerous health consequences of hypoestrogenism.
They have a greater risk of developing complications in the reproductive, cardiovascular,
skeletal system and psychiatric comorbidities, including anxiety and mood disorders. All
consequences are contained in Figure 1 [19].

Central Nervous System -

// memory/concentration problems,
. neuroendocrine changes, psychiatric disturbances

vy
( Cardiovascular system - 3

Impaired endothelial function, lower brachial artery

// flow-mediated dilation, T triglycerides,
\_ total cholesterol and LDL cholesterol Y,

-
Reproduction -

/ menstrual disorders, fertility and pregnancy problems
L

7

- Bones -

osteopenia, osteoporosis, T fracture risk

|
|

hypoestrogenism, hypercortisolemia, thyroid gland

Gastrointestinal system -
peptic ulcer, constipation

Figure 1. Consequences of FHA. (1-increased)



Endocrines 2021, 2

207

4.1. Reproduction and Pregnancy

FHA-related hypothalamic dysfunction causes GnRH reduction or inhibition secretion,
which affects the pulsatile release of pituitary gonadotrophins, causing estrogen deficiency
and anovulation. Anovulation and the resulting infertility render patients with FHA unable
to become pregnant spontaneously. Reproductive disturbances due to FHA are reversible,
and resolve over time after normalization of the patient’s energy availability or resolution
of the emotional stress causing FHA. Excessive exercise in women can lead to disorders in
the luteal phase, disrupting the implantation and proper development of the developing
embryo [19].

Low estrogen concentration can lead to atrophic changes in the urogenital mucosa
and in the uterus causing vaginal dryness and dyspareunia. An increased vaginal pH level
predisposes the genitourinary tract to infection and mechanical weakness which usually
disappear as estrogen levels normalize and energy availability improves.

In women with FHA, despite the fact that anovulation is the most common, if fertil-
ization has already occurred, numerous complications are very common. FHA patients
who have emotional stress and low body mass index (BMI) have an increased risk of
miscarriage and preterm labor, in women who become pregnant either spontaneously or
after fertility treatment. The mental health of the mother is of great importance for the
proper development of the fetus. Inadequate nutrition, strong stressful experiences and
the mother’s emotional poor health directly translate into low birth weight [20,21].

4.2. Cardiovascular System

The most common cause of death for women in developed countries is cardiovascular
disease (CVD). Undoubtedly, inadequate estrogen levels disturb the functioning of the
cardiovascular system. Estrogen receptors are found in both coronary and peripheral
vessels, which means that estrogen plays a huge role in the regulation of blood vessel
function. The stimulating effect of estrogens on nitric oxide, which causes vasodilation,
is known. Estrogens exert a cardioprotective effect by affecting the endothelium, blood
vessels, directly on the heart muscle and additionally on metabolic parameters. Conditions
accompanied by hypoestrogenism can lead to endothelial dysfunction, disturbed bioactivity
of nitric oxide and disturbed autonomic function. Additionally, we observe the influence
of decreased estrogen concentration on the excessive activation of the renin-angiotensin
system and negative changes in the lipid profile [22].

In terms of the cardiovascular system in patients with FHA with prolonged exercise-
induced amenorrhea, negative consequences are observed, including effects on lipid lev-
els, endothelial function and on angiographic evidence of coronary artery disease. Pre-
menopausal women with a history of FHA have increased risk of developing cardiovascular
disease exhibit impaired endothelial function, which may contribute to impaired vascular
function. The effect on lipids is characterized by the observed increased concentration of
total cholesterol, triglycerides (TAG), and LDL cholesterol [23]. In the study of Nicholas
Smith et al., a comparison of cardiovascular safety of oral hormone therapy products in
postmenopausal women was performed. The scientists proved that oral conjugated equine
estrogens (CEEs) use was associated with a higher risk of incident venous thrombosis and
possibly myocardial infarction than estradiol use [24].

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 [25].

4.3. Bones

In patients with FHA, the major skeletal problem is impaired bone growth during
adolescence, and low bone density in adulthood [26]. Despite the positive effects of
exercise on bone, women with exercise-induced FHA, and particularly those with low
body weight or restrictive eating habits, may have decreased bone mineral density. Women
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with FHA who exercise excessively in adolescence and young adulthood have lower BMD
Z-scores in the lumbar spine compared to normal menstruating women. In these women,
bone microarchitecture is impaired and therefore estimated bone strength is reduced [26].
Fractures, especially overload fractures, are much more common in patients with exercise-
induced amenorrhea, confirming the reduced bone strength in this group of women.
Overload fractures are much more common in athletes with disturbed eating patterns
compared to those who eat properly. This may be due in part to low bone mass, but also a
low energy state leading to bone resorption and low bone turnover. Additionally, estrogens
directly affects the structure and function of musculoskeletal tissues such as muscle, tendon,
and ligament [27,28].

Undoubtedly, hypoestrogenism as well as nutritional deficiencies cause changes in
bone turnover with inhibition of bone formation and an increase in resorption. After
supplementing hormonal deficiencies, especially estrogens, a marked improvement in
bone mineral density is observed in women with FHA [29].

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 diagnosed with osteopenia [30].

4.4. Psychological Effect

The concentration of all sex steroids, but most of all estrogens, significantly influ-
ences the mood and other psychological characteristics in patients with FHA. Estrogens
modulate the activity of many neurotransmitters and neuromodulators in the brain, such
as serotonin, noradrenaline, acetylcholine, and dopamine, thus regulating mood. The
importance of stress and mental disorders in FHA may have a bidirectional effect. Both
psychological stress can be one of the causes of FHA, and FHA can have a huge impact on
the emotional state of a patient suffering from FHA. Women with FHA have been shown
to have significantly higher depression scores, greater anxiety, and greater difficulty coping
with daily stress in comparison to healthy people [31]. Elevated cortisol levels may also
be a contributing factor to increased stress in FHA patients, leading to many psychiatric
symptoms including anxiety and depression.

Specific character profiles are also very specific to women with FHA. These include
dysfunctional attitudes, as well as perfectionist behavior and paying more attention to
the opinions of others compared to healthy women. Very often, patients with FHA show
greater attention to their appearance, fear and fear of weight gain, which has a negative
impact on the diet and mental state. Additionally, we observe lower self-esteem, insecurity,
and a sense of being out of control of their own lives in FHA patients [32].

In the publication of Giles et al. in Fertility and Sterility, the authors assessed the
correlation between cognitive function, emotional and psychiatric history among patients
diagnosed with FHA in comparison with patients with amenorrhea for other reasons and
with a group of healthy patients. In each of the women included in the study group, the
basis of the amenorrhea was analyzed by completing structured psychiatric interviews
and self-report questionnaires. Among others, perfectionism, concern for the judgments
of others (dysfunctional attitudes), coping ability and interpersonal dependence were
assessed. More dysfunctional attitudes and greater difficulties in coping with the daily
stress were shown in the FHA patients compared to healthy women. Additionally, women
with FHA were more likely to have a history of mental disorders, most notably mood
disorders, than women with eumenorrheic disorders, but did not differ from women with
organic amenorrhea [33].

Unfortunately, there is also an increased mortality in women with FHA caused by low
body weight. The increased mortality is due to numerous long-term serious consequences
and is by far the greatest in women with eating disorders. Mortality in anorexia nervosa
patients is almost 10%. The sudden deaths result from contractility disorders, which can be
associated with decreased myocardial mass and resultant electrolyte imbalances. Moreover,
girls with anorexia are at an increased risk of suicide attempts [34].
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5. Treatment

The most appropriate and effective treatment for FHA is that of treating the underlying
cause of hypogonadotropic hypogonadism. It includes providing the right amount of
energy in the form of sufficient calories, stopping excessive sports or reducing stress,
or the ability to deal with it. Only when treatment is effective is it possible to prevent
the many complications of FHA. Very often, anxiety and mood disorders coexist with
FHA, therefore the help of a psychologist and psychiatrist should be taken into account.
Hospital treatment is required in the event of cardiac arrhythmias, most often bradycardia,
water and electrolyte disturbances, or in cases of extreme malnutrition associated with
eating disorders.

First of all, the focus should be on weight gain in patients, which is a broadly under-
stood lifestyle change. The recovery of FHA patients with low body weight is associated
with an increase in BMI or fat mass. It is on the part of doctors to encourage patients to
gain weight by changing their lifestyle in terms of increasing caloric intake and reducing
exercise. The need for a proper, healthy diet should be explained, and it should be adjusted
to the energy expenditure. In addition, it is important to try to reduce stress through the
use of various types of cognitive-behavioral and family therapy [6,35].

Pharmacological treatment involving the use of replacement doses of hormones should
be started after 612 months of ineffective non-pharmacological and behavioral lifestyle
modifications. The most appropriate therapy that should be administered is transdermal
cyclic estrogen-progestogen therapy. It can have a positive effect on cognitive functions,
obsessive pursuit of a slim figure, and reduction of anxiety and dissatisfaction with one’s
appearance in patients with FHA [36].

In patients who want to become pregnant, also before starting pharmacological treat-
ment, we initially suggest returning to normal body weight. Increasing the energy supply
is a highly effective method in restoring normal estradiol levels and returning ovulatory
cycles. Pharmacological treatment primarily consists of administering clomiphene cit-
rate to induce ovulation. In the event of ineffectiveness, administration of exogenous
gonadotropins and pulsatile GnRH administration (but not available in many countries)
may be considered [37,38]. Regarding sexual function, some patients with FHA require
topical estrogens to treat vaginal dryness and dyspareunia.

Due to the dangerous complication of FHA, which is the loss of bone mineral density,
supplementing with vitamin D and calcium should be borne in mind. According to
the recommendations of the Endocrine Society from 2017, the use of transdermal cyclic
estrogen-progesterone therapy has an effect on bone protection and reduction of the risk
of fractures in women with FHA. Unfortunately, treatment is often tedious and long-
lasting, and until it brings encouraging results, patients withdraw from treatment and be
discouraged. Additional research is needed to improve the treatment.

6. Conclusions

FHA is a common disorder that most commonly affects adolescents and reproductive
women. The cause of the disorder is widely understood to be stress in various forms.
Disorders caused by limiting caloric consumption are observed, causing weight loss,
intensive sports by the patient and the occurrence of strong stressful experiences. The
diagnosis of FHA should be made as soon as possible, taking into account a thorough
medical history and analysis of the patient’s history, excluding other causes of amenorrhea.
This is important, because providing the patient with immediate care and introducing
pharmacological treatment at the right time avoids many harmful consequences that extend
far beyond the reproductive system. Treatment is best carried out in cooperation with a
gynecologist, endocrinologist, psychologist/psychiatrist and a dietitian. The goal of the
future is to introduce new drugs that may prove to be more effective than the hormone
replacement therapy used so far in most countries.
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