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Abstract
Central (hypogonadotropic) hypogonadism (CH) can be mentioned among the causes of menstrual and fertility problems in women.
This clinical syndrome is characterized by decreased sex steroid secretion due to the impairment of basal and/or impulse secretion of
gonadotropins. It can be congenital or acquired, organic or functional (i.e. without visible anatomic damages of the hypothalamo-hypophyseal
area), isolated or combined with other pituitary hormone deficits (hypopituitarism). All causes of central female hypogonadism can be
conditionally divided into some subgroups: genetic factors (lead to congenital CH), organic factors (lead to acquired CH), and idiopathic
(lead functional CH). Congenital CH can be caused by genes that control ontogenesis and migration of GnRH neurons, regulate secretion of
GnRH and provide its’ biological effects on gonadotropins. The potential organic causes of CH include pituitary tumors and some other types
of tumors with similar localization, consequences of surgical or radiation intervention in connection with these tumors, brain injury as well
as autoimmune, infiltrative and other rare diseases. Classical risk factors for functional CH include stress, excessive physical exercises and
critically low body mass, however, variety of hormonal changes (including metabolic hormones) was observed and genetic predisposition was
also shown for these patients. It is very important to understand complex pathogenetic factors that will help to improve diagnosis of this rare
disease.
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Introduction
Infertility and menstrual disturbances are the crucial
problems of the modern society. Among the causes of menstrual
and fertility problems in women central hypogonadism can be
mentioned. This clinical syndrome is characterized by decreased
sex steroid secretion due to the impairment of basal and/or
impulse secretion of gonadotropins. In such cases inadequate
production of FSH and LH is the leading pathogenic mechanism
and in the majority of cases the ovary remains intact. This
condition is also often called hypogonadotropic hypogonadism
because gonadotropin concentrations are below the reference
range in most of the patients. However, “low-normal”
concentrations can also be observed, therefore the term “central
hypogonadism” emphasizes that the central - i.e., hypothalamohypophyseal - regulation of ovarian function is damaged.
Central hypogonadism is a relatively rare condition that
can be found approximately in 10% of women with primary
amenorrhea [1,2] and 35% of women with secondary
amenorrhea [3]. This disorder can be congenital or acquired,
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organic or functional (i.e., without visible anatomic damages of
the hypothalamo-hypophyseal area), isolated or combined with
other pituitary hormone deficits (hypopituitarism).

Congenital central female hypogonadism (Genetic
Factors)

Congenital central hypogonadism can be caused by
genetic defects at any level of a hypotalamo-hypophyseal axis:
from disorders of gonadotropin-releasing hormone (GnRH)
secretion to defects of gonadotropin molecular structure [412]. Occurrence of this syndrome is 1:5.000-10.000 in men and
about 3-5 times less often in women. In our days it is known
that central hypogonadism is a polygenic disease. Recent studies
highlight the complexity of the mechanisms involved in the
formation of the functional activity of the reproductive system
as well as the contribution of various gene abnormalities to the
pathogenesis of congenital central hypogonadism. The majority
of cases are sporadic though various ways of inheritance also
can be observed (auto some-dominant, auto some-recessive,
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X-linked). Genetic disorders are revealed in approximately 35%
of cases of isolated central hypogonadism. Other cases of the
disease are considered as idiopathic (i.e., primary amenorrhea
with decreased gonadotropin levels without visible anatomic
damages of the hypothalamo-hypophyseal area and without
detected genetic problems).
Genes associated with central hypogonadism can be
conditionally divided into several groups [5-12]:

o
Genes controlling ontogenesis and migration of GnRH
neurons (the “neurodeveloping” genes).
o
Genes regulating secretion and providing biological
effect of GnRH (i.e., genes operating on the GnRH function).
o

Genes necessary for gonadotropic function.

Loss of the main migration way due to the mutations of the
neuro developing genes leads to the formation of Kallmann
syndrome- a combination of insufficient GnRH secretion with
disorders of the sense of smell (anosmia or hyposmia) that
often is followed by other hereditary anomalies [7]. Recently,
it was published that the incidence of the Kallmann syndrome
in the Finnish population was 1 in 30,000 for males and 1 in
125,000 for females [13]. Products of genes ANOS1 (KAL1),
FGFR1 and FGF8 as well as PROK2 and PROKR2, CHD7, NELF,
HS6ST1 are responsible for migration of GnRH-neurons during
embryogenesis as well as for the physiological development of
the olfactory nerves and bulbs [4,5]. Mutations in these genes
phenotypically are often associated with loss of olfactory bulbs.

Mutations in ANOS1 (coding protein anosmin 1) are found
in 10-14% cases of Kallmann syndrome (sporadic or inhered,
X-linked type of inheritance) and are extremely rare in patients
with low gonadotropin secretion and normal sense of smell. In
such cases central hypogonadism and anosmia can be associated
with bimanual synkinesis and renal anomalies [4,5,7]. Mutations
in other neuro developing genes can be found in patients with
anosmia as well as normosmia. Genes FGF8 (can be called
KAL6) and FGFR1 (also called KAL2) are coding fibroblasts’
growth factor type 8 and its’ receptor [4,5,10,12]. Eleven types
of fibroblasts’ growth factors can active FGFR1, however, FGF8
is crucial for Kallmann syndrome development. Mutations in
these genes (auto some-dominant type of inheritance) can
be also associated with splitting of an upper lip or sky, ear
anomalies, teeth dysgenesis. Genes PROK2 (or KAL4) and
PROKR2 (KAL3) are coding prokineticin type 2 and its’ receptor.
Phenotypic signs associated with mutations in these genes (auto
some-recessive type of inheritance) are very variable and can
include obesity, sleep disturbances, synkinesis and epilepsy
[7,10,12]. Gen CHD7 (KAL5) is coding chromo domain helicase
DNA binding protein 7. Its’ mutations lead to occurrence of
CHARGE-syndrome (Сolobomata, Heart Anomalies, choanal
atresia, Retardation, Genital and Ear anomalies) but can be also
found in patients with central hypogonadism without anosmia
and this severe syndrome [4,12]. Mutations in NELF (coding
nasal embriogenic LHRH-factor) and HS6ST1 (coding geparan0097

sulfat-6-O-sulfotransferase) can be also responsible for central
hypogonadism with/without anosmia. Phenotypically other
clinical signs are not observed. Supposed type of inheritance is
autosome-recessive [12].

Genes KISS1/KISSR1 (coding kisspeptin and its’ receptor),
LEP/LEPR (coding leptin and its receptor), TAC3/TACR3 (coding
neurokinin B and its receptor) and PCSK1 (coding neuroendocrine
convertase type 1) are responsible for the regulation of synthesis
of GnRH [4,5,8,10]. Mutations in all these genes have auto somerecessive type of inheritance and have no other clinical sings
besides central hypogonadism. Mutations in KISS1R gene are a
possible but extremely rare reason for central hypogonadism.
Mutations in this gene lead to a significant decrease of LH
impulse amplitude without changes of impulse rate and are
found in patients with normosmic central hypogonadism [8].
Recently, 18 new genes-candidates have been revealed which
probably participate in the formation of normosmic idiopathic
central hypogonadism [14]. Thus, number of genes responsible
for the development of central female hypogonadism will
increase. Genes GNRH1/GNRHR are the main modulators for
its biological action [8,10,12]. Products of these genes influence
gonadotropic production only, so mutations in GNRH1/GNRHR
should not be accompanied with other phenotypic implications
except hypogonadism itself.
Mutations in DAX1 gene lead to both decrease in hypothalamic
GnRH secretion and impairment of the development of
gonadotrophs [5]. Besides DAX-1, couples ligand-receptor
LHB/LHR and FSHB/FSHR regulate secretion of LH and FSH,
respectively. The gonadotropin deficiency can be caused by
violation of β-subunit synthesis of LH (LHB gene) and FSH (FSHB
gene) as the β-subunit defines specific properties of hormones
(receptor recognition, immune properties, etc). Mutations
in LHB gene lead to an ovulation, mutations in FSHB gene - to
primary amenorrhea [5,6]. There are also some genes that are
responsible for the development of congenital hypopituitarism
(i.e., Pit-1, Prop-1), but they are not considered in detail in this
review.

Acquired central female hypogonadism (Organic
Factors)

Pituitary tumors as well as some other types of tumors
of central nervous system (CNS) which are localized in
hypothalamo-hypophyseal area, consequences of surgical or
radiation intervention in connection with these tumors, brain
injury as well as autoimmune, infiltrative and other rare diseases
can be enumerated among the potential organic causes of central
hypogonadism. It is possible to note an increase in the number
of patients with organic causes of central hypogonadism over
the past decades. Due to the modern diagnostic and treatment
technics that have been applied to clinical practice a considerable
improvement in the early detection of pituitary tumors and more
favorable outcomes after treatment are observed. Transnasal
adenomectomy is a leading method of treatment that is
applicable in 90-95% of patients with pituitary lesions and it
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is not an injuring intervention in comparison with transcranial
operations. Therefore women who underwent neurosurgery not
only keep working capacity, but also set targets of restoration of
the menstrual and reproductive functions for the doctor.

Non-functioning pituitary tumors are associated with
hypogonadism in 40-45% of cases [15,16]. Clinical manifestations
develop more often when pituitary tumor volume is >1000mm3
and extrasellar tumor expansion with compression of pituitary
stalk is observed [15]. Hypothalamic regulation of the pituitary
function is broken and the atrophy of adenopituitary develops
with the gonadotropic deficiency as the first symptom. An
increase of intracranial pressure directly in the sellar cavity is
also a pathogenic factor of hypopituitarism development [17].
Prolactin-secreting tumors are followed by hypogonadism very
often - up to 95% of cases [18]. However, hypogonadal symptoms
are reversible on dopamine agonists’ therapy in 88-92% of
cases. Somatotropinomas (GH-secreting pituitary tumors) are
accompanied with hypogonadism in 32-87% of cases and among
women of reproductive age with this disease the menstrual and/
or fertility problems are one of the first symptoms of GH excess
in 36% cases [19,20]. Central hypogonadism can also be a result
of neurosurgical treatment and/or radiation of pituitary tumors.

The frequency of postoperative hypopituitarism (including
central hypogonadism) after neurosurgical intervention on
average does not exceed 5.5% in the specialized centers [21].
Nevertheless, the frequency of hypopituitarism increases
with pituitary tumor size >20mm. The development of
hypopituitarism after radiation of hypothalamo-hypophyseal
area depends on the size and morphological features of pituitary
lesions, a dose of beam loading and on the type of radiation [22].
After convection radiation therapy in a dose over 30 Gycentral
hypogonadism develops in 30-60% cases [23]. Most often (up to
70% of cases in 10-15 years after beam loading) hypopituitarism
develops after cranial radiation concerning malignant tumors of
the head and neck as considerable doses of gamma-irradiation
120-180Gy are used [24,25]. Recently radio surgical methods of
the treatment of pituitary tumors have started to be used more
widely. In 3-5 years after gamma knife in an average dose of 15Gy
different types of hypopituitarism including hypogonadism are
noted in 22% of patients [26].
The most frequently observed CNS tumors of this area are
craniopharyngiomas. These tumors account for up to 20% of
all tumors of this localization revealed in adults, and they can
be both extra-, and intrapituitary [27,28]. The embryogenesis
of craniopharyngioma causes its close anatomo-functional
connection with hypothalamic nuclei and pituitary so this can
explain the high frequency of associated pituitary deficits.
Clinical and hormonal symptoms of hypogonadism are usually
found in 56-87% of patients with craniopharyngioma, and
reproductive dysfunction quite often develops several years prior
to the progress of neurologic symptoms [27]. Moreover, after
craniopharyngioma neurosurgery hypopituitarism develops
in additionally 18-31% of patients without initial hormonal
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disorders [29,30]. Other CNS tumors of similar anatomic
localization (for example, gliomas, hordomas) are associated
with hypogonadism in 10-23% of cases [31].

Central hypogonadism can stem from autoimmune damage
of a pituitary - the so-called lymphocytic hypopysitis. A diffusion
infiltration of pituitary tissue with lymphocytes and lymphoid
elements occurs and the destruction of normal pituitary cells
develops [32]. Headaches and visual field impairment, weakness
and fatigue are the main signs of the initial stage of the disease;
symmetrical pituitary enlargement with a protuberance of the
upper contour is noted on MR-images [33]. Full or partial loss
of functions of adeno and/or neurohypophysis can develop at
a later stage [34,35], in some cases- with “empty” sella turcica
formation [33]. The presence of antibodies to surface and/or
cytoplasmic antigens of adenopituitary cells in blood stream is
considered as a marker of autoimmune damage of the pituitary
[35]. It was shown that antipituitary antibodies (APAB) are
found statistically significant more often in patients with
central hypogonadism than in healthy population [36-38]. It
could be considered as the evidence of involvement of humoral
autoimmunity in pathogenesis of hypopituitarism. There is a
point of view that lymphocytic hypophysitisis not rare but an
underestimated disease [39].
It was shown that new biological and immune modulatory
agents recently introduced into clinical practice are related
hypophysitis (i.e., hypophysitis is a distinctive side effect of
treatment with cytotoxic T-lymphocyte antigen-4 antibodies)
[40]. Brain injuries can also be the cause of the loss of functions of
an adenopituitary. Many experts recommend to examine patients
within 12 months after a moderate/severe brain injury for
hypopituitarism [41,42]. The clinical picture of post-traumatic
hypopituitarism has no fundamental differences from a classical
variant [43]. Pituitary functions can be partially restored on
specific treatment for brain injury, however hypopituitarism is
found in 17-23% of patients in 12 months after the trauma [44].
The frequency of post-traumatic hypopituitarism is 2-3 times
higher in the presence of APAB than without them. Therefore
autoimmune mechanisms can also participate in the formation
of this complication [44,45].

It is well known that gonadotropin insufficiency can be
observed in women who had massive blood loss in the early
postnatal period (Sheehan’s syndrome). The frequency of
Sheehan’s syndrome is 0.1% in general population but it comes
up to 40% after massive postnatal or post-abortion bleedings
[46,47]. Sheehan’s syndrome develops in 25% of women after
600-800ml blood loss, in 50% - after 900-1000ml blood loss and
in 75% -after massive blood loss over 1000ml [48]. The ischemic
necrosis of the pituitary leads to the destruction of the pituitary
cells. However, possible autoimmune mechanisms of pituitary
damage also could take place: the frequency of antihypothalamic
and antipituitary antibodies in patients with Sheehan’s
syndrome is 35% that is essentially more often than in general
population (up to 1%) [49]. The rare infiltrative diseases such
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as hemochromatosis, xanthomatosis, sacroidosis can contribute
to the development of gonadotropin insufficiency [50-53]. In
such cases, central hypogonadism can be reversible, and the
treatment of the main disease (for example, hemochromatosis)
can restore gonadotropic function.

Functional central female hypogonadism (metabolic,
hormonal and genetic factors)

Functional gonadotropic insufficiency is a cause of about
35% of cases of secondary amenorrhea [10,54,55]. The
term “functional” means that there are no organic lesions of
hypothalamus and/or pituitary. It is often called “functional
hypothalamic amenorrhea”. The cornerstone of this condition
is a disorder of pulse GnRH secretion that results in the
impairment of gonadotropin pulse secretion: rare LH and FSH
pulses, diminishment of their amplitudes, a combination of
impaired frequency and amplitude of impulses, total absence
of impulses and decreased basal secretion of gonadotrophins
were described [55-57]. Offered diagnostic criteria of functional
gonadotropic insufficiency describe the absence of menstrual
periods for over 6 months on the background of low or “lownormal” (<5mU/l) concentration of LH and FSH [55]. There are
classical risk factors for functional central hypogonadism that
include stress, excessive physical exercises and critically low
body mass [10,54,55]. It is assumed that all this factors lead
to disorders of secretion of various neuropeptides: first of all,
neuropeptid Y (NPY), corticotropin-releasing hormone (CRH),
leptin, ghrelin and β-endorphin [54,55,58].
The stress-induced (“psychogenic”) amenorrhea is one
of the most common causes of functional gonadotropic
insufficiency [59,60]. In these cases CRH plays an important
pathophysiological role. Its secretion increases during acute
and/or chronic stress that directly and indirectly suppresses
electrophysiological activity of the GnRH pulse generator [61].
Increased CRH secretion also stimulates β-endorphin production
possessing the independent inhibiting action hypothalamohypophyseal-ovarian axis [59]. CRH and cortisol secretion
is higher in women with functional central hypogonadismin
comparison with healthy women [61]. This fact is considered as
indirect confirmation of a chronic stress, on the one hand, and
as an additional factor of disturbance of GnRH/gonadotrophins
secretion, on the other hand. Decrease in ACTH and cortisol
emission in response to stimulation by exogenous CRH was also
observed in women with stress-induced amenorrhea [59] that
can be the evidence of compensatory decrease in sensitivity to
CRH in the conditions of its overproduction. Some researchers
assume that CRH antagonists could be used for stressinduced amenorrhea in the future [55]. Increased activation of
hypothalamo-hypophyseal-adrenal axis is noted also in women
with amenorrhea due to anorexia nervosa [62].
Menstrual cycle disturbances accompany low body weight.
In 1974 it was hypothesized that normal menstrual function can
occur when the part of fatty tissue in the female body is >17%,
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and the ovulation - when the part of fatty tissue in the female
body is >22% [63]. Authors have considered gonadotropic
insufficiency as protective reaction to restriction of food because
the metabolism of potential mother organism went only for her
own survival. In cases of decreased body weight (moderated - 1015% from ideal, critical - more than 30%) peripheral metabolism
and functional activity of sexual steroids is broken [64].
Further studies have shown that hormonal activity of
adipocytes is not limited to metabolism of sex steroids, but
also includes the secretion of some metabolic hormones that
regulate reproductive function (for example: leptin, ghrelin,
etc.). The concentration of leptin correlates with the body
weight, the body mass index (BMI), and the percentage of fatty
tissue [65]. On the other hand, women with amenorrhea had
lower leptin concentration in comparison with healthy women
of the same age, body weight and content of fatty tissue in an
organism [55]. An increase in body weight by 1kg leads to fast
increase in leptin concentration [65]. Decrease in mass of fatty
tissue in women with functional central hypogonadism is the
most important factor of lessening of leptin concentration. It
was noted that functional gonadotropic deficiency was found
less frequently in BMI ranging from 18 up to 25kg/m2 than in
patients with BMI<17kg/m2 [65]. Low leptin concentration is
followed by alteration of pulse LH secretion [66]. Besides, the
hypoleptinemia leads to the activation of adrenergic system and
rise of CRH and NPY secretion.

In turn, this stimulates secretion of ACTH and cortisol that is
an additional factor of suppression of GnRH/LH secretion [65].
There are publications about successful treatment of functional
hypothalamic amenorrhea with recombinant leptin [67]. It once
again emphasizes the importance of leptin in the regulation of the
reproductive function. Low basal concentration of NPY was also
observed in patients with functional hypothalamic amenorrhea
[58]. It is assumed that NPY could be the major candidate for
a role of the coordinator between food and reproduction at the
CNS level [68]. Spontaneous incidental increase in the frequency
of NPY impulses in women with amenorrheais followed by more
frequent LH impulses [69]. Another participant of pathogenesis
of functional amenorrhea at loss of body weight is ghrelin. Ghrelin
concentrations correlate reversely with BMI and androgen levels
[69,70]. High ghrelin concentrations have been noted after the
loss of the body weight induced by a diet or surgical intervention
as well as during inadequate eating behaviour (even in eucaloric
state) and negative energetic balance [71,72] Ghrelin levels were
much higher in women with functional central hypogonadism
than in healthy women [73]. As ghrelin suppresses the activity of
hypothalamo-hypophyseal-gonadal axis, its high concentrations
can be the cause of persistent amenorrhea after normalization of
the body weight and leptin concentration [73].
Excessive physical activity (including professional sport)
is another reason for functional amenorrhea. Increased levels
of CRH, β-endorphin and ghrelin as well as extremely low
leptin concentration were noted in exercising patients with
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amenorrhea [74]. In these patients NPY secretion is notably
suppressed as in patients with the loss of body weight. Excessive
production of CRH is also observed. The activation of opioidergic
system is more expressed in amenorrheic women with stress and
physical activities that loss of the body weight [55]. Recently it
has been shown that genetic mutations are also found in patients
with functional hypothalamic amenorrhea (functional central
hypogonadism) [75]. Normal menarche is not an evident clinical
sign of the absence of genetic mutations of the “reproductive”
genes. Known risk factors are crucial first of all for women
with genetic predisposition. Menstrual disturbances including
amenorrhea are found not in ALL women with stressful events,
excessive physical activities and/or low body weight. Moreover,
in some women with menstrual abnormalities spontaneous
recovery of regular menstrual cycle can be observed after
elimination of risk factors. However, in patients with some types
of genetic mutations amenorrhea persists despite normalization
of body weight, disappearance of stress and/or decreased
physical exercises. Changes in the mRNA expression of some
“reproductive” genes have been demonstrated in patients with
functional central hypogonadism [76].

Conclusion

Central female hypogonadism is a multifactorial disorder
that can be found in women with primary or secondary
amenorrhea, with or without hypothalamo-pituitary lesions.
It is very important to make a right diagnosis of this disorder
because it has a negative impact on women’s health. It is not
just “amenorrhea”. Unfavorable changes of lipid and mineral
metabolism, decreased bone mass and some other negative
effects including worsening of life quality were described
in women with central hypogonadism [77,78]. So it is very
important to understand complex pathogenetic factors that will
help to improve diagnosis of this rare disease.
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