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Abstract: Endocrine axes (prolactin, thyroid and adrenal axes) directly and indirectly modulate and
drive human female central functions, mainly behavior and reproduction. Though having distinct
abilities, they greatly act both at peripheral as well as at neuroendocrine levels, so as to participate
in the control of reproduction. Any event that changes these balanced activities produces specific
peripheral signals that induce abnormal functions centrally, thus triggering menstrual disorders
such as oligomenorrhea or amenorrhea. It is clear that the knowledge of the relationships that exist
between the different endocrine axes becomes essential for the choice of therapeutical approach. This
review aims to focus on the main aspects of the physiopathology of the endocrine diseases that might
be at the basis of that interference with female reproductive capacity.

Keywords: hypothyroidism; PRL; hyperthyroidism; hyperandrogenism; adrenal axis; anovulation;
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1. Introduction: Endocrine System and Reproductive Ability

Female biology is a complex system ruled by various and different endocrine axes:
despite each axis having its own different role, they still manage to work together effec-
tively [1]. As for the biological functions, the good performance of the reproductive system
depends on the balanced activity of various elements of the axis, (i.e., the hypothalamus,
the pituitary and the ovary) and the other hormonal axes.

The pituitary gland has distinct and diversified cell nuclei (gonadotropic, thyrotropic,
lactotrophs, somatotropic and corticotropic cells), which control/regulate all the endocrine
axes in concert and modulate the reproductive axis.

During the menstrual cycle, the LH secretion profile shows pulsating changes with
a variable amplitude and frequency, thus enabling the recruitment and the choice of
follicles. Many alterations in reproductive capacity are primarily linked to a modification
of those fine mechanisms that regulate ovulation induction and follicular recruitment.
It is well known that gonadotropins secretion is under the modulation of a number of
steroids (i.e., estrogen, androgens, cortisol, etc.) as well as of neuropeptides (i.e., opioids,
catecholamines, neuropeptides) that act directly on GnRH or kisspeptin neurons as well as
on gonadotrope cells.

The whole reproductive system depends on GnRH neurons’ secretory activity and
around the receptors expression, which are modulated by positive and negative factors
so as to activate or impair their functions. The biggest driving force of GnRH discharge
is kisspeptin, whose receptors are expressed on GnRH neurons [2,3]. As for many neu-
roendocrine systems, kisspeptin is extremely sensitive to the many signal coming from
the periphery—mainly metabolic signals such as Ghrelin, cholecystokinin, leptin and
insulin—and it greatly affected by changes coming from the gastro-intestinal tract [4].
Therefore, also all these modulators of kisspeptin and GnRH release indirectly affect the
release of gonadotropins. In fact, a number of neuropeptides and neurotransmitters re-
leased inside the central nervous system (CNS) act on the modulation of the release of
GnRH, thus affecting the reproductive functions. Stressful situations such as psychological,
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physical or metabolic stressors, together with weight fluctuations, such as loss of weight
or obesity, can induce an impaired neuroendocrine function at the hypothalamic level
through the impaired production of amines, beta-endorphin, and serotonin [5]. All of
them can interfere in the regulation of GnRH, thus influencing the reproductive capacity
overall [6]. Obviously, gonadal steroids also play a crucial role in the modulation of the
GnRH-induced gonadotropin secretion, since estrogen and androgens are able to greatly
interfere in the amount of LH released from the pituitary through the feedback control
system [7]. The major role exerted by estrogen has been recently demonstrated in some
physiopathological conditions since estriol administration was able to induce a greater
response of gonadotrope cells to both exogenous and endogenous GnRH stimulation [8,9].

In addition, impairments of the main endocrine axes that regulate our biology (thyroid,
adrenal and prolactin axis) have been demonstrated to cause changes in the reproductive
ability and in the menstrual cyclicity. Our biological system is dynamic and interactive,
based on genetic and epigenetic relationships and conditioned by environmental factors in
most cases.

2. Impaired Gonadotropin Release, Altered Menstrual Cyclicity and Body Weight

Whenever the menstrual cyclicity is altered, a menstrual and ovulatory impairment
occurs. Menstrual irregularity is defined when cycles occur within 21 days or longer than
40 days; the elements that can interfere with menstrual cyclicity are various and greatly
non-specific: it is important to know what they are and how they act.

The endocrine factors that trigger the chronic anovulation and disrupt the control
system of the reproductive axis are: hyperandrogenic states, of adrenal or ovarian origin,
hypo- or hyperthyroidism and hyperprolactinemia; peripheral signals, in particular the
balance of metabolism, are extremely important and can also interfere greatly with the
control of reproduction [1,10].

In fact, obesity and malnutrition, the two opposite aspects of dysmetabolism, are
particularly critical because they block the reproductive system, inducing impaired hy-
pothalamic activity aspects as a defensive mechanism to avoid pregnancy and adverse
negative pregnancy-induced side effects. The quality and quantity of the nutrients of our
diet strongly affect the reproductive capacity since they modulate, directly and indirectly
through specific hormonal signals from the various organs of the gastro-intestinal tract, the
hypothalamic functions [11,12]. The incidence of overweight-obesity in the Italian popula-
tion is around 25%, being 5% in 1952: reproductive biology has certainly been affected by
this trend. In fact, a number of studies have been carried out on how reduced or increased
BMI are responsible for impaired reproductive function through the reduced or excessive
release of the specific neuroendocrine modulators that act on the kisspeptin-GnRH neu-
rons and impair the LH secretory pattern and reproduction [2,13]. Moreover, a number
of studies clearly report that a lack or excess of adequate elements from nutrition create
specific impaired neuroendocrine responses that are intended to reduce or block follicle
recruitment and then reproduction [5,14-16].

It is clear that a good weight control can improve in any case the functional perfor-
mance of our reproductive axis. In particular, though adipose tissue is not an endocrine axis,
it manages the synthesis of hormones like an endocrine organ. It is clear that a situation
of overweight up to obesity can change not only the adiponoktines and leptin produced,
but also the steroids milieu. Any excess of these substances is able to interfere in the
hypothalamic functions, together with insulin acting on kisspeptin neurons, thus affecting
GnRH neurons’ activity [17,18]. Moreover, adipocytes produce androstenedione, estrone
and estriol, and can absorb therapeutically administered steroids [15]. Such estrogen and
progestogen uptake permits their release back into circulation in variable moments and
amounts later, causing severe fluctuations of plasma concentrations [7]. This fact impacts
the optimal function of contraceptive steroids, especially in overweight/obese women,
since the side effect of occur intermenstrual spotting frequently occurs (15% in overweight
compared to 3% in normal-weight) [7].
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It is therefore very important to teach patients to follow healthy eating attitude, in
order to limit the deposition of adipose tissue and to have an optimal body weight. In
addition, excess weight also affects the muscle, the neuroendocrine systems, the brain
cortex, the thalamus, the hippocampus (mood, sleep, behavior), and the autonomic system
in general [15].

3. Hyperandrogenism

Androgens originate from both the ovary and the adrenal gland. In primates, an-
drogens are essential for the function of the cerebral cortex, because they increase critical
abilities such as logic, memory, adaptation, libido and sexuality [19].

In fact, the production of androgens from the ovary is reduced with menopause: this
causes the gradual decrease in these abilities, in particular libido and sexuality. On the
contrary, in men, androgens tend to be more stable throughout their lifespan. However,
the adrenal gland decreases its activity in a chronologically similar way in both men
and women.

Gonadal steroids are essential regulators of reproductive function. Studies performed
on knockout mice lacking an androgen receptor at the ovarian level demonstrated that
folliculogenesis does not operate properly in the absence of the androgen signal [20,21].
On the other hand, follicle development is impaired when there is an excess of androgens;
this happens with polycystic ovary syndrome (PCOS), a condition showing both hyperan-
drogenism and anovulation and often, infertility [20]. The relevance of the androgen signal
not only at the ovarian level but also centrally has been disclosed properly on specific
animal models in which the lack of androgen receptors or their blockade using flutamide
(an androgen receptor blocker) restore a normal neuroendocrine control of gonadotropin
release and follicle recruitment, avoiding a PCOS-like situation [22].

Hyperandrogenism can also be triggered by a chronic situation of stress, and, if
coupled with ovarian hyperandrogenism, might generate a series of consequences.

The adrenal gland releases cortisol, the stress hormone, with precise circadian rhythms.
Cortisol can modulate the reproductive axis with central actions, affecting the synthesis of
gonadotropins, and on the other hand, can act directly on the ovary, interfering with the
synthesis and release of estrogen and, during the luteal phase, of progesterone. Stressful
situations cause cortisol elevation, and excess cortisol slows down the reproductive axis
due to the direct effect of cortisol on hypothalamic nuclei: when stress becomes chronic,
menstrual disorders occur more frequently, even up to amenorrhea [23]. In fact, high
levels of glucocorticoids inhibit GnRH neurons’ activity, thus affecting gonadotrope cells
and gonadal function [24]. CRH (corticotrophin-releasing hormone) infusion during the
mid-luteal phase reduces plasma LH and FSH levels, while their concentrations return
to normal levels as soon as CRH infusion is stopped. Interestingly, CRH infusion did not
alter the gonadotropin response to GnRH bolus, thus confirming that CRH acts at the
hypothalamic level [25].

The key point is a restraint action on aromatase, the enzyme of granulosa cells that
converts androgens (androstenedione and testosterone) into estradiol. Aromatase is sen-
sitive to alterations such as an excess of androgens, prolactin and hyperinsulinemia. By
modulating the activity of aromatase, the androgen levels change accordingly [15].

Additionally, stress through adrenal gland hyperactivation increases cortisol and
through this gluconeogenesis, thus favoring obesity and hyperandrogenism; this leads to a
growing endocrine impairment and might favor greater cardiovascular risk, the primary
cause of death in women over 50, in the following 30 years.

Moreover, the excess of cortisol interferes with insulin and growth factors: too much
gluconeogenesis contributes to the higher availability of glucose and insulin, promoting
mechanisms that predispose one to a greater oncological risk [26,27].

In PCOS, hyperandrogenism is the key element that induces anovulation. It is well
known that PCOS occurs when there is the presence of at least two out of three revised
Rotterdam Consensus Conference criteria (i.e., hyperandrogenemia, oligo/amenorrhea,
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polycystic ovaries upon ultrasound) [28]. Too many androgens limit the ovarian function,
making ovaries assume the classic PCO morphology. If we assume that a PCO ovary is the
only cause of the hyperandrogenic state, we might miss the real cause of anovulation.

Another element to consider is hyperinsulinemia, classically present in obese PCOS:
insulin stimulates GnRH release and consequently gonadotropins secretion that stimulate
the production of ovarian steroids (especially androstenedione) with inhibitory action
on aromatase, resulting in an excess of androgens not converted to estrogen. Insulin
also inhibits sex hormone-binding globulin (SHBG) with an increase in free androgens
(Figure 1). It is clear that hyperinsulinemia represents a fundamental issue in the case of
PCOS, since it favors the condition of hyperandrogenism with greater amounts of free
plasma androgens [29] and specific negative effects on liver function [17,30].
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Figure 1. GnRH-secreting neurons undergo to a number of modulations, positive and negative.
Stress, through CRH activation, determines a slowing down of GnRH secretion together with opioid
peptides (Bendorphin, BEP). Similarly, adrenal gland hormones play a negative role on hypothalamic
and hypophyseal function. Insulin, especially in hyperinsulinemic PCOS patients, stimulates ovarian
androgens synthesis and LH release, thus improving the ovarian impairment. DA: dopamine,
CRH: corticotrophin-releasing hormone, E1: estrone, BEP: beta endorphin.

When evaluating a hyperandrogenic and obese woman with PCOS, we have to keep in
mind that there might be also other factors triggering the increase in androgens [31]. In fact,
PCOS women might be hyperandrogenic, with the contribution of the adrenal gland even
though it does not have an impaired adrenal function: the PCOS clinical condition is often
characterized by an increased psychological stress that triggers the adrenal activity [32].

As reported by Farah-Eways et al., PCOS patients, other than having higher levels
of androgens produced at the ovarian level, also may show an increase in cortisol and
17-OHP plasma levels [33]. Performing the ACTH test, these authors verified that no
pathological alterations were present, and these women were simply more stressed and
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had a more activated adrenal gland in baseline conditions, with no abnormal response
to ACTH stimulation. This is an important condition to keep in mind when looking into
therapeutic choices [33].

To better understand how the adrenal gland acts, a study on the co-secretion of
gonadotropins with androgen (androstenedione) and cortisol with androgens (androstene-
dione) was conducted on two groups of PCOS patients: one hyperandrogenic from ovarian
overproduction, and the other hyperandrogenic from stress-induced hyperproduction.

In the first group, the LH and androstenedione plasma profile were found to be co-
secreted, showing a parallel trend. Since LH drives the ovary, androstenedione peaks
follow those of LH, thus indicating that this androgen is predominantly of ovarian origin.
The other group of patients presented an opposite situation: while the LH pulsatile profile
did not show variability, the androstenedione profile decreased its plasma levels within
2 h and, in addition, the profiles of cortisol and androstenedione showed a parallel trend,
both starting high at the beginning of the test, and then lowering in a parallel manner, with
cortisol and androstenedione pulses being co-secreted. This indicates that, although a part
of androstenedione had an ovarian origin, in these patients, a greater part comes from the
hyperactivated adrenal gland [34].

It is also important to remember that true adrenal hyperandrogenism should be
suspected when elevated DHEAS and 17-OHP basal hormone levels are found together
with androstenedione. This occurs when an enzymatic defect of the adrenal gland, hy-
perandrogenism, arises from the deficiency of one of these enzymes: 21-hydroxylase,
113-hydroxylase or 33 /-hydroxysteroid-dehydrogenase.

With these enzyme defects, the direct pathway of cortisol biosynthesis is impaired: the
adrenal gland, however, tries to arrive at the synthesis of cortisol through other pathways,
but this leads to the excess of the intermediate products upstream of cortisol, leading to a
greater release of DHEAS, 17-OHP and androstenedione.

Despite the fact that PCOS is 40 to 50 times more frequent than NC-CAH in fertile
women than in women with hyperandrogenism, it is essential to check for NC-CAH in all
patients with apparent PCOS. Ethnicity has little impact on the prevalence of PCOS [35,36].
Levels of 17-OHP, DHEAS, androstenedione and cortisol plasma have to be checked. In
the case that cortisol is normal, but 17-OHP and androstenedione are too high, an issue at
the adrenal gland is suspected [15].

Plasma levels of 17-OHP above 200 ng/dL (6 nmol/L) strongly indicates the presence
of NC-CAH, whereas plasma concentrations below 200 ng/dL (6 nmol/L) do not sustain
the presence of NC-CAH. To prove the suspicion, an ACTH stimulation test has to be
performed. A 17-OHP response equal or higher than 1500 ng/dL (43 nmol/L) under
ACTH stimulation confirms the suspicion of NC-CAH [37,38].

With 17-OHP plasma levels being increased during the preovulatory or luteal phase
of the menstrual cycle, plasma evaluation has to be performed no later than 8-10 days after
the beginning of the menstrual bleeding, or any time if the patient is amenorrheic.

4. Prolactin Disorders

Prolactin (PRL) is a protein hormone whose role is to stimulate milk production in
female mammals [39]. PRL is under the control of the tuberoinfundibular dopaminergic
system (TIDA) that directly controls PRL release from the gonadotropes inhibiting PRL
secretion [40]. PRL secretion also depends in part on the direct stimulation of TRH that
classically controls the TSH section and thyroid function [41] (Figure 2). The stimuli
of eating, estrogen treatment, mating, ovulation and nursing induce PRL release from
lactotrope cells in the pituitary gland. PRL release is in a pulsatile manner and modulates
metabolism, the immune system and pancreatic development.

Though mostly released by the anterior pituitary, PRL has also extra-pituitary origins
such as from the brain, prostate, immune cells, skin, adipose tissue and human decidua [39].
PRL reaches the target cells through the circulatory system and acts on specific receptors,
located on the plasma membrane [42].



Endocrines 2021, 2 217

PRL also acts as a neuropeptide when it crosses the blood-brain barrier: it gets though
a PRLRs-independent mechanism and modulates the hypothalamus, central functions,

behavior, arousal and sexuality [43,44].
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Figure 2. Schematic representation of the interconnection between PRL and thyroid axes. TRH is
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able to induce both PRL and T4 secretion. Whatever event reduces or increases TRH release leads to
a change in the concentrations of SHBG as well as in the expression of aromatase, so as to impair the
gonadal steroids synthesis and binding.

With no endocrine target organ to provide feedback control, the biological evolution
of PRL made it regulate its own secretion within the hypothalamus, modulating the
hypothalamic releasing and inhibiting factors that control their secretions. PRL suppress
its further secretion acting on tuberoinfundibular (TIDA) neurons located in the arcuate
nucleus that stimulate the synthesis and release of dopamine into the portal vasculature at
the median eminence [45]. Dopamine acts on D2 receptors to inhibit PRL synthesis and
release. Other PRL-releasing factors are: thyrotropin-releasing hormone (TRH), serotonin
(5-HT), vasoactive intestinal peptide (VIP), and arginine vasopressin (AVP) [46].

Together with DA, PRL exerts negative feedback on its secretion and GnRH produc-
tion, thus explaining how hyperprolactinemia interferes with human reproduction [39].

PRL is a putative disruptor of the normal neuroendocrine control of the ovarian cycle.
Therefore, it is one of the many hormones involved in the control of follicle maturation, in
the evolution of the luteal phase, in the interference of FSH-induced aromatization and in
the modulation of GnRH secretion.

This observation confirms the role of PRL in the management of the ovarian cycle, both
centrally and at the ovarian level. An excess of PRL up to the extent of hyperprolactinemia
can interfere with female and male reproduction. Hyperprolactinemia decreases GnRH
and, subsequently, LH secretion, decreasing pulse frequency and amplitude, thus affecting
gonadal steroids production and inducing menstrual irregularities.

PRL affects the production of gonadal steroids from the granulosa cells, mainly slow-
ing aromatase activity; hyperandrogenism is a frequent occurrence, paralleling the picture
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of PCOS. Such effects may impair ovulation, creating a predisposition to infertility, decreas-
ing libido, and frequently inducing galactorrhea [47,48].

The effects of PRL on fertility have been studied in animal models that confirmed that
reproduction needs PRL signaling. Both short and long isoforms of PRLRs are expressed by
the granulosa, interstitial and luteal cells at the ovarian level, as well as in the endometrium,
myometrium and decidua in the uterus. Kisspeptin secreting neurons are essential for
pubertal maturation in humans and are the main inductors of GnRH secretion. Kisspeptin
is probably involved as a potential mediator of prolactin’s actions on fertility [49].

Kisspeptin and prolactin are able to modulate each other, but in different ways ac-
cording to the species. In fact, kisspeptin induces PRL prolactin release in rats when
estradiol levels are high, while in women, the concomitant pulsatile release of PRL with
kisspeptin-induced LH occurs when they are hypogonadal [41,50].

In response to stress, PRL acts negatively on the hypothalamic—pituitary axis, modulat-
ing GnRH release as well as the adrenal activity through the modulation of corticotrophin-
releasing hormone (CRH)-ACTH secretions [43].

PRL is tightly linked to emotional responsiveness, acting on the modulation of anx-
iety and depressive disorders. These events take place based on the actions of PRL on
neurogenesis in the hippocampal area. Acute stressor events, in female mice, suppress
the activation of kisspeptin neurons and LH pulsatile release is reduced. When the same
stress is chronically administered during the day, mice showed higher corticosterone levels
and the lengthening of the estrous cycles. Such chronic stressor situations can induce
hyperprolactinemia, thus participating to impaired fertility in women [51,52].

PRL promotes leptin resistance and increased appetite, hyperphagia and insulin
resistance: under pathological hyperprolactinemia, obesity, abnormal glucose tolerance
and hyperinsulinemia due to insulin resistance have been observed. Indeed, low PRL levels
may induce metabolic changes, while high PRL levels just below or above the conventional
hyperprolactinemic limit (25 ng/mL) promote metabolic abnormalities, leading to diabetes
and obesity-induced metabolic risks.

Weight gain (up to obesity) and insulin resistance occur frequently when PRL plasma
levels are 70-100 ng/mL or higher: this tends to occur during hyperprolactinemia due to
pituitary adenomas, hypothyroidism or under specific medications (i.e., antidepressants,
prokinetics, antipsychotics).

Circulating levels of PRL in women are usually around 10-15 ng/mL: when these
levels are above 25 ng/mL, they are conventionally defined as hyperprolactinemia [39].

Recently, it has been reported that patients suffering from polycystic ovary syndrome
(PCOS) have higher PRL levels (18-20 ng/mL), despite not having hyperprolactinemia.

In the case of stress (fear, psychological stress, etc.), PRL plasma levels increase rapidly
(up to 90-100 ng/mL). Pregnancy and lactation promote the increase in PRL levels up to
200 ng/mL. PRL levels around or above 25 ng/mL should be reevaluated by inserting
a heparin indwelling in a forearm vein and sampling three times at 15-20 min intervals
(i.e., time 0, 15-20 and 30-40 min) to account for pulsatility [47].

When hyperprolactinemia is found, a precise anamnestic investigation has to assess
whether any other disease is present (liver or kidney impairments, or hypothyroidism). It is
also important to clarify what kind of medications have been taken in the preceding days or
weeks before the PRL testing. Lifestyle, body mass index (BMI), excessive physical activity
and stressful situations have to be monitored. If PRL plasma levels are above 50 ng/mL,
a pituitary magnetic resonance imaging (MRI), preferably enhanced with gadolinium,
should be performed in order to disclose the presence of a pituitary adenoma or any other
sellar/parasellar mass, which might be causing stalk compression [47,48].

In general, hyperprolactinemia around or above 100 ng/mL is a possible indicator of
a secreting adenoma; untreated hypothyroidism can rarely also mimic an adenoma: this
requires TSH to be checked [39].

Despite being secreted by different cells, prolactin and TSH are related, because
they are both stimulated by TRH. In the presence of any functional defect that induces
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hypothyroidism, TSH is higher due to an increase in the release of TRH at the hypothalamic
level, and, consequently, PRL becomes elevated.
In case of dysfunctional hyperprolactinemia, the treatment is quite simple: cabergoline de-
creases prolactin levels slowly, decreases androgens in circulation, and increases gonadotropins.
As a dopamine agonist, cabergoline is better than bromocriptine in controlling PRL
levels in hyperprolactinemic men and women with sexual dysfunctions [39].

5. Thyroid Dysfunctions

The thyroidal axis is one of the pivotal endocrine axes. The release of thyrotropin-
releasing hormone (TRH) from the hypothalamus directly induces TSH secretion from pitu-
itary cells. TSH acts directly on follicular cells of the thyroid, thus permitting the production
of thyroidal hormone T4 and T3. Thyroidal hormones are mainly involved in metabolic
pathways, and through these actions, they modulate cell functions at any level [53].

Thyroid diseases are quite frequent; more common in women than men suffer from
them, and they may interfere with the reproductive system [54]. In fact, thyroid hormones
can impair reproduction both directly and indirectly through several actions: the increase
in liver production of sex hormone-binding globulin (SHBG), of ovarian testosterone
and androstenedione secretion and the reduction in the clearance of all gonadal steroids,
accelerating the conversion of androgens to estrone.

Receptors for thyroid hormones are at the level of oocytes, where these hormones
act synergically with FSH to induce the production of sexual hormones [55]. Thyroid
dysfunctions result in the high frequency of abnormal menstrual bleeding due to ovu-
latory impairments. In fact, triiodothyronine (T3) acts on folliculogenesis, modulating
the P13K/ Akt pathway [56]. Due to this, hypothyroidism is associated with a reduced
fertility rate despite the recognition of the endometrial expression of deiodinase type 3 and
placental increases in T3 [57,58].

Other than the fact that estrogens induce SHBG secretion, they also increase the
concentrations of thyroxine binding globulin (TBG) [59]. In fact, pregnancy and oral
contraceptive pills significantly increase TBG concentrations [60]. TBG concentrations
increase greatly with the menopausal transition during menopause and later with the
aging process, as well as for the hypoestrogenic condition [61].

Hyperthyroidism can impair menstrual bleeding, inducing hypomenorrhea and poli-
menorrea, while hypothyroidism induces oligomenorrhea. Frequently, these menstrual
irregularities occur prior to the identification of thyroid disease [62].

6. Hypothyroidism

The most common cause of hypothyroidism is iodine deficiency [63], but in most
cases, hypothyroidism is due to autoimmune thyroiditis [64]. Hypothyroidism can also
occur because of the destruction of thyroid tissue due to radioactive iodine therapy for
thyroid cancer, thyroidectomy, and rare diseases (such as scleroderma and amyloidosis).
Hypothyroidism may also occur due to lithium treatment, or iodine-containing drugs.
Central hypothyroidism is a rare disorder caused by hypothalamic—pituitary diseases.

The symptoms of hypothyroidism are lethargy, pretibial myxedema, hypothermia,
and the tendency to gain weight due to the accumulation of sugar derivatives that are
deposited in the extracellular matrix adsorbing water.

After 10 years of disease, in 15% of cases, hypothyroidism with high antibodies corre-
lates with a greater risk of early ovarian failure, due to a higher incidence of anti-thyroid
and anti-ovarian antibodies [1]. Oligomenorrhea is the classic menstrual abnormality
induced by hypothyroidism that may be diagnosed for the highest TSH plasma levels. This
is very frequent in case of recurrent abortion.

At the basis of the infertility state induced by hypothyroidism is the impaired pe-
ripheral estrogen metabolism, the occurrence of hyperprolactinemia and abnormal GnRH
secretion that affects gonadotropin episodic secretions [65].
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Due to the slowing of the metabolic clearance of gonadal steroids, hypothyroidism
increases androstenedione and estrone plasma levels and permits the increase in peripheral
aromatization [45,46]. Moreover, with SHBG being decreased, both total testosterone
and E2, and their unbound fractions are increased. Impairments of steroid metabolism
disappear when a euthyroid state is restored with an appropriate L-thyroxine substitutive
treatment [66] (Figure 1).

In the case of hypothyroidism, GnRH levels are usually normal, though impaired
LH pulsatile release has been reported with a delayed LH response to a GnRH stimu-
lation test [67,68]. In this latter case, serum PRL concentration was reported to be in-
creased due a higher discharge of the hypothalamic TRH that stimulates both TSH and
PRL secretions [69].

7. Autoimmune Thyroid Disease

Thyroid autoimmunity is the most frequent autoimmune disease (5-20%) in women
of fertile age and is the cause of hypothyroid function. It is characterized by the presence
of anti-thyroid antibodies, which include anti-thyroperoxidase and anti-thyroglobulin
antibodies. It may remain latent, asymptomatic, or even undiagnosed for years.

One kind of antibodies (anti-TSH) have an allosteric conformation similar to TSH, and
for this reason can stimulate the receptor by inducing high fT3 and fT4, and consequently
increase both all the thyroid hormone concentrations and their actions, mainly acting on
metabolism in the presence of an almost zero TSH. For the diagnosis, it is important to
assay the antibodies in the plasma [15].

Thyroid autoimmunity is more common in females than in males. This seems to
be related to the action of both estrogens and androgens on the immune system. In fact,
the female/male ratio of patients with Graves’ disease decreases after 60 years. Early
menarche or a late menopause are considered risk factors for the development of an
autoimmune thyroiditis, probably because of a greater exposure to estrogen during the
reproductive life [70,71].

Serum thyroid autoantibodies are detectable in up to 25% of women over the age of
60, and autoimmune hypothyroidism is eight to nine times more frequent in women than
in men, increasing with age [53].

Symptoms of autoimmune thyroid disease can simulate the onset of early menopause
since antibodies against the ovary might produce hot flashes, amenorrhea, moodiness
and insomnia.

8. Hyperthyroidism

Hyperthyroidism classically shows undetectable levels of serum TSH, and elevated
FT3 and FT4 concentrations. In subclinical hyperthyroidism, the serum TSH level is low or
very low, but FI3 and FT4 concentrations are normal.

The most frequent cause of hyperthyroidism, in iodine-sufficient areas, is Graves’
disease. On the contrary, toxic adenoma (Plummer adenoma) and toxic multinodular goiter
are highly frequent where iodine intake is low [72]. Graves’ disease is triggered by the
high synthesis of an immunoglobulin that binds the TSH receptor. Usually such a disease
occurs during the second up to the fourth decade [73]. The toxic adenomas can induce
thyrotoxicosis due to the growth of benign monoclonal thyroid cells able to hyper-produce
thyroid hormones. Usually, only a single functioning nodule develops, but in some cases
more than one nodule can grow (toxic multinodular goiter) and this is more frequent after
the age of 60 [74].

Sometimes, thyrotoxicosis starts due to a postpartum thyroiditis or subacute thyroidi-
tis, or due to unintentional excessive replacement therapy in hypothyroid patients or to
intentional TSH suppressive therapy for benign or malignant thyroid disease. The hyper-
secretion of TSH for a trophoblastic tumor or metastatic thyroid carcinoma is very rare.

Amenorrhea is a classic and precocious symptom associated with hyperthyroidism [75].
Together with thyrotoxicosis there is the increase in serum levels of SHBG and also



Endocrines 2021, 2

221

References

frequently of estrogen during all phases of the menstrual cycle (compared with nor-
mal women) [76]. This is because the metabolic clearance rate of estradiol is reduced
in hyperthyroidism, and this is related to the increased binding of E2 to SHBG [77].
Similarly, androgen metabolism also changes, since plasma levels of testosterone and
androstenedione are increased together with higher production rates of both testosterone
and androstenedione. The increased estrogenic tone is in part also sustained by the
higher conversion rate of androstenedione to estrone and of testosterone to E2, thus
participating in the maintenance of the impaired gonadotropin secretion all along the
menstrual cycle [78-80]. LH plasma levels are increased, while the pulsatile secretion
does not differ greatly from healthy subjects. Once treatment is started with antithyroid
drugs, LH goes back to normal levels [81].

It is relevant to point out that thyroid dysregulation often induces a PCO-like picture.
Though it cannot be excluded a possible link due to common genetic and autoimmune
factors, the feature of the impaired androgenic milieu that hyperthyroidism may show is at
the basis of such morphology at the ultrasound scan.

Metabolic changes in PCOS are frequent [82]. Hashimoto’s thyroiditis (HT) triggers
metabolic impairments due to the thyroid dysfunction; similarly, insulin resistance may
occur, and if combined with a PCOS phenotype, may trigger cardiovascular risks. The
coexistence of HT and PCOS may exaggerate metabolic dysfunctions that usually might
be disclosed by higher values of body weight, glucose level, insulin, HOMA-IR index and
lipid profile [83].

If a thyroid dysfunction is suspected, fT3, T4, TSH should be controlled together with
the antibodies” plasma levels; in the case that TSH is very low, anti-TSH antibodies must be
essayed, and an ultrasound scan of the thyroid gland has to be performed.

If a defect of fT3 is found, we have to exclude a hypothyroid condition. This is
the case of stress-induced amenorrhea when the “low T3 syndrome” is triggered and
the activity of the thyroid gland is decreased by reducing the T4 toT3 conversion, with
normal TSH plasma levels. This happens because a distinct deiodinase, activated in these
cases, leads to the synthesis of a biologically inactive T3, called reverse T3 (rT3). In these
patients with stress-induced amenorrhea or functional hypothalamic amenorrhea (FHA),
levothyroxine should not be administered, since the low fI3 level is a defensive event to
prevent from excess energy consumption, and it has to be checked for eventual abnormal
eating attitude.

Additionally, the metabolic profile should be analyzed, evaluating the insulin and
amylase levels and the hormonal basal levels of the reproductive axis in order to find the
primary cause of the hormonal disease [15].

In conclusion, the endocrine environment and axes are responsible both for repro-
ductive function as well as for its failure. Normal reproductive function is affected by
such a situation, since it is dependent on the equilibrium among the many endocrine and
neuroendocrine factors so as to modulate the hypothalamic centers where the reproductive
function is triggered.
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