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Introduction

Infertility is the inability to conceive within 12 months of regular intercourse (2-4 times 
a week) without using any contraceptive methods. Involuntary childlessness is a 
significant social problem faced by 20% of couples worldwide, and only in Poland the 
problem of infertility affects approximately 1.5 million couples each year.
 
Factors that influence fertility in both sexes include hyperprolactinemia, 
hypogonadotropic hypogonadism, infections, systemic diseases, and even lifestyle. 
More and more attention is also paid to the problem of obesity. Adipocytes act as an 
endocrine organ, and their excess promotes disorders of the hypothalamic- 
pituitary-ovarian axis. Secreted adipokines include leptin, adiponectin, resistin, 
interleukin 6, interleukin 1b, and tumor necrosis factor a (TNFa), involved in 
inflammatory processes and the regulation of metabolism.
 
According to the recommendations of the Fertility and Infertility Section at the Polish 
Society of Gynecologists and Obstetricians and the Polish Society of Reproductive 
Medicine and Embryology, there are several causes of male infertility: 1) pre-testicular, 
i.e. related to the malfunctioning of the endocrine system in terms of impaired 
secretion of luteinizing hormone, sex steroids – testosterone, inhibin, folliculostimulin 
or resulting from mutations which cause impaired sperm movement or chromosomal 
aberrations observed, e.g. in Klinefelter’s syndrome, 2) testicular, e.g. cryptorchidism, 
varicocele, infectious diseases; 3) extra- testicular, which include congenital absence of 
vas deferens, underdevelopment of seminal vesicles, epididymis defects, polycystic 
kidney disease, cystic fibrosis, diabetes; 4) sexual disorders – lack of erection or 
ejaculation, penis structure abnormalities. During the diagnosis of infertility, the 
assessment of male fertility should be obligatory, and the examination should be 
performed after maintaining a 2-7 day period of sexual abstinence. 

On the other hand, infertility in women may be mainly due to: disturbances in the 
occurrence of ovulatory cycles, caused, inter alia, by woman’s age, hormonal disorders 
in the course of polycystic ovary syndrome (PCOS), hyperprolactinemia, abnormal 
anatomy of the reproductive organ (congenital uterine anomalies – septate, 
unicornuate, bicornuate uterus; acquired defects of the uterus structure – fibroids, 
polyps, hypertrophy), disturbed hormonal cycle and obstruction of the fallopian tubes 
resulting from the presence of adhesions due to inflammation, endometriosis, and 
surgery. 

Diagnostics of female infertility should include: medical history regarding the regularity 
of menstruation, gynecological examination, determination of the concentration of 
selected sex hormones, including a single measurement of progesterone level 7 days 
before the planned menstruation to assess ovulation, ultrasound (USG) at the end of 
the follicular phase of the cycle.
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However, in the case of ovulation disorders, manifested by an abnormal rhythm of 
menstrual bleeding, progesterone level lower than 2 ng/mL in the middle of the luteal 
phase, the diagnosis should be supplemented with the determination of the 
concentration of gonadotropins, androgens, thyroid-stimulating hormone (TSH), 
prolactin (PRL), anti-müllerian hormone (AMH) and assessment of the reproductive 
potential of the ovaries (10). 

The form of infertility treatment depends on its duration and the patient’s age. It 
includes ovulation stimulation with clomiphene citrate or gonadotropins, intrauterine 
insemination, in vitro fertilization.

The aim was to present disturbances in the hormone secretion of individual endocrine 
organs in the context of fertility of both sexes and the maintenance of pregnancy 
(Figure 1).
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Differences Between Male and 
Female Embryogenesis 

Sex differentiation is a complex process that depends on the activity of many genes. 
The key to sex dimorphism is the SRY (sex- determining region on Y) gene, whose 
protein product initiates the cascade of expression of genes determining the formation 
of testicles. The lack of this protein allows development towards a female individual. 

Undifferentiated stage

The sex of the embryo is determined already during fertilization, but until the 7th week 
of development, the gonads do not show gender-related differences. Initially, the 
gonads are in the form of longitudinal folds, which are formed due to the proliferation 
of the body cavity epithelium and the thickening of the stromal mesenchyme. 
Primordial germ cells appear no earlier than the 6th week of development and it is 
important for the gonads development that they populate the genital crests. Genital 
crest epithelial cells proliferate and penetrate into the stromal mesenchyme, where 
they form irregularly shaped primary sex cords. In both female and male embryos, 
these cords maintain a connection to the surface epithelium. This makes it impossible 
to distinguish between male and female gonads, which is why these structures are 
referred to as undifferentiated gonads. 

Female and male embryos have two pairs of ducts: mesonephric (Wolffian) and 
paramesonephric (Müllerian). The caudal part of the connected ducts is incorporated 
into the posterior wall of the urogenital sinus, forming a sinus tubercle. 

At 3 weeks of development, the mesenchyme cells migrate around the cloacal 
membrane, forming a pair of slightly elevated cloacal folds. They join cranially to form 
the genital tubercle, and caudally to the urethral and the anal folds. At the same time, 
another pair of genital eminences is visible on either side of the urethral folds. Later, 
they form the scrotal eminences in men and the labia majora in women. 

Embryogenesis of the female reproductive system

Ovaries 

In female development, the primary sex cords break down into irregular clusters of 
cells. During further development, they disappear and are replaced by vascularized 
stroma tissue, forming the ovarian core. The surface epithelial cells of the female gonad 
(as opposed to the epithelial cells of the male gonad) continue to divide, resulting in the 
formation of cortical cords around the 7th week of development. In the third month, 
they disintegrate into separate cell foci forming follicular cells, creating, together with 
the oogonium, the primary (resting) follicle. 

4



Genital ducts
 
In the presence of estrogen, the main female genital ducts are formed from the 
paramesonephric duct. With the descent of the ovary, part of the ducts transform into 
the fallopian tube and uterine canal. The connected paramesonephric ducts become the 
corpus and cervix and the upper part of the vagina. In female embryos, the 
mesonephric ducts regress due to a lack of testosterone. 

External genitalia 

The development of female external genitalia is stimulated by estrogens. The genital 
tubercle lengthens to form the clitoris, and the folds of the urethra give rise to the labia 
minora. In turn, the vaginal prominences enlarge and produce the labia majora. The 
urethral groove remains open and forms the vestibule. 

Embryogenesis of the male reproductive system

Testes 

The genetically male embryo, under the influence of the SRY gene product, develops 
sex cords that penetrate deeper towards the core part 
of the gonad, forming medullary cords. These, in turn, continue to disintegrate, 
becoming the tubules of the testicle network. In further development, the testicular 
cords are separated from the surface epithelium by the tunica albuginea. In the fourth 
month, the testicular cords join the nucleus network. It is worth noting that the 
testicular cords retain the form of solid structures until puberty, and then transform into 
convoluted seminiferous tubules.

Genital ducts 

They develop under the influence of testosterone and originate from part of the 
mesonephric organ. With the exception of the appendix of the epididymis, the 
mesonephric duct does not regress and forms the main genital ducts. Below the orifice 
of the efferent ducts, the epididymal duct is elongated and formed. The mesonephric 
duct from the tail of the epididymis to the protrusion of the seminal vesicle is called the 
vas deferens.

External genitalia

The development of male external genitalia is stimulated by androgens and is 
manifested by the rapid lengthening of the genital tubercle, the penis. In the process of 
elongation, the penis pulls on the folds of the urethra, which form the urethral grooves. 
The furthest part is the penis glans. The epithelial lining of the groove forms the 
urethral plate. At the end of the 3rd month, the folds of the urethra close above the 
plate, forming the spongy part of the urethra, then the urethral lumen is formed. In 
turn, the genital (scrotal) eminences move in the caudal direction during development 
and form the scrotum . 
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Hypothalamus and Pituitary Gland 

The hypothalamus and pituitary gland control and regulate the proper functioning of 
the endocrine glands. The gonadotropic pathway is especially important in the case of 
fertility and the maintenance of pregnancy (Tables 1, 2). The hypothalamus produces 
gonadotropin- releasing hormone (GnRH), the appropriate concentration of which is 
necessary for the secretion of gonadotropins, i.e. luteinizing hormone (LH) and 
follicle-stimulating hormone (FSH) by the anterior (glandular) lobe of the pituitary 
gland. Gonadotropins, in turn, have a direct influence on the production of sex 
hormones, sperm and ova, as well as the course of pregnancy. Thus, the malfunction of 
the hypothalamus or pituitary gland will be associated with low production of GnRH and 
gonadotropins, which in turn will lead to the gonadal failure, known as 
hypogonadotropic hypogonadism. 

Other hormones produced by the anterior pituitary gland include adrenocorticotropic 
hormone (ACTH) and growth hormone (GH). ACTH is produced from the precursor 
hormone proopiomelanocortin (POMC), which stimulates the production of cortisol in 
the adrenal glands via melanocortin receptors. Corticotropin-releasing hormone (CRH), 
along with vasopressin (ADH), are the main hormones that control ACTH secretion. GH 
and ACTH secretion is pulsatile and subject to circadian rhythms. Factors that influence 
the increase in growth hormone secretion are sleep and physical activity, as well as 
fasting, hypoglycemia, hypovolemia, and surgery. Hyperglycemia initially reduces and 
then increases GH levels (rebound effect). GH secretion shows gender differences, in 
males it is pulsatile and in females secretion is continuous. GH levels decline with age 
and somatopause occurs in the elderly. 

tion, increasing the total number of oocytes and oocytes in metaphase II of meiosis. 
In obese women, reduced fertility results, among others, from decreased LH levels. 
They experience accelerated sexual maturation, menstrual disorders, in particular 
prolongation of the follicular phase, indicating ovulation disorders, and a higher 
frequency of obstetric complications, including spontaneous miscarriages.
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Pineal Gland

The pineal gland is a relatively small gland located within the cranial cavity behind the 
third ventricle that connects to the cerebrum by a peduncle. It is a highly vascularized 
part of the brain not covered by the blood-brain barrier. 90-95% of the cells of this 
gland are pinacocytes, whose main function is the production of melatonin (N- 
acetyl-5-methoxytryptamine). Its synthesis is regulated by the superior cervical 
ganglion, which receives information about the intensity of light through the 
suprachiasmatic nuclei of the hypothalamus, considered to be the anatomical center of 
the biological clock. The pineal gland, through melatonin, is responsible for controlling 
the regulation of the circadian rhythm, mainly sleep and wakefulness. Its synthesis and 
secretion significantly increases in the dark, and exposure to a light source causes a 
significant reduction in its synthesis. Melatonin acts through the MT1 and MT2 receptors 
located in the suprachiasmatic nucleus (SCN), reducing the activity of its neurons, 
which ultimately leads to the feeling of drowsiness and falling asleep. Another 
important function of melatonin is the inhibition of sexual maturation. In humans, the 
decline in the average daily melatonin production progresses with age and is associated 
with the progression on the Tanner scale. This is due to the inhibition of kisspeptin 
expression by melatonin, which stimulates the hypothalamus cells to synthesize GnRH. 
It has been proven that the administration of exogenous melatonin causes delayed 
puberty in children of both sexes. Melatonin is also produced in other organs, including 
the reproductive system, the retina and lens, the gastrointestinal tract and blood cells, 
acting as an autocrine or paracrine hormone. However, it most likely does not 
significantly affect the plasma concentration of melatonin as it was found to be 
undetectable in rats after pituitary removal. Melatonin is also considered to be a very 
effective antioxidant. By activating its MT1 and MT2 receptors, it stimulates the 
expression of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase 
(GPx), and glutathione reductase (GRd). Another mechanism of antioxidant activity is 
the stimulation of the Nrf2 expression, which is a transcription factor for many genes 
encoding antioxidant enzymes. There are also many reports on the direct antioxidant 
activity of its metabolites: N1-acetyl-N2-formyl-5-methoxykynuramine (AFMK), 
N1-acetyl-5-methoxykynuramine (AMK) and cyclic 3- hydroxymelatonin (3-OHM). 

7



Thyroid

Female 

Inhibition of the secretion of thyroid hormones is associated with its hypothyroidism. In 
milder hypothyroidism, infertility is usually not achieved, but the risk of spontaneous 
miscarriage, premature births and stillbirths increases (Table 3). Severe 
hypothyroidism may lead to infertility as a consequence of a direct inhibitory effect on 
the ovarian ovulatory activity as well as through an effect on the pituitary-ovarian axis. 
Decreased activity of sex hormone-binding globulin causes an increase in serum free 
testosterone and estradiol, moreover, metabolic clearance of androstenedione and 
estrone is decreased. The elevated level of thyrotropin-releasing hormone in primary 
hypothyroidism is responsible for the increase in serum prolactin levels and the delayed 
luteinizing hormone response to the stimulating effect of gonadotropin-releasing 
hormone, which in turn leads to luteal phase failure in women. 

Male 

Key role of vitamin D in the male reproductive system has been suggested as its 
receptors and metabolizing enzymes have been shown to be expressed in the testes 
and sperm. Vitamin D metabolism is mainly regulated by parathyroid hormone (PTH), 
produced by the parathyroid glands, and fibroblast growth factor 23 (FGF23), 
synthesized by osteoblasts and osteoclasts. Decreased levels of circulating calcium and 
25-hydroxyvitamin D3 increase PTH secretion, which stimulates 1-a-hydroxylase and 
inhibits the expression of 24-hydroxylase in the kidney, leading to higher levels of 
vitamin D and calcium. In addition, elevated levels of phosphorus and 
25-hydroxyvitamin D3 inhibit 1-a-hydroxylase and stimulate 24-hydroxylase, resulting 
in a reduction in vitamin D. To close the feedback loop when vitamin D and phosphorus 
levels decline, FGF23 is inhibited, leading to an increase in vitamin D levels. The vitamin 
D receptor (VDR) and the enzymes that metabolize vitamin D are simultaneously 
expressed in Sertoli cells, germ cells, Leydig cells, sperm, and cells in the epithelial 
lining of the male reproductive system. The presence of vitamin D metabolizing 
enzymes suggests that the reproductive organs may modulate the local response to 
vitamin D in animals and humans. Nuclear somatic or embryonic cells appear to be able 
to synthesize and degrade vitamin D locally, independent of systemic vitamin D 
metabolism. Moreover, expression of VDR in the testes suggests that vitamin D may 
exert autocrine and paracrine effects, possibly playing a role in regulating testicular 
function, thus contributing to male infertility. The expression of VDR and vitamin D 
metabolizing enzymes in the male reproductive system has been extensively analyzed 
in animal and human studies. The VDR protein has been found in the prostate, seminal 
vesicles, epididymis, and also in germ cells, especially spermatogonia, spermatocytes, 
and Sertoli cells. VDR protein expression has been found in animal sperm but has been 
suppressed in the tail of the epididymis. In the same context, testosterone synthesis 
enzymes in the testes appeared to be reduced in mice fed the vitamin D deficiency 
(VDD) diet.
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Thymus & Pancreas

Thymus 

Changes in the immune system activity are necessary in the course of a healthy 
pregnancy as they help to avoid an immune response against an allogeneic fetus(Table 
4). One of the organs whose activity change is required for the development of immune 
tolerance during pregnancy is the thymus, in which the maturation and differentiation 
of helper T cells take place. 

Pancreas 

Disorders of lipid and glucose metabolism, recently associated with the increasingly 
frequent obesity, are a current medical problem. They not only pose a health risk, but 
also have an adverse effect on reproductive function (Table 5). Insulin resistance, i.e. 
reduced cell sensitivity to insulin and compensatory hyperinsulinemia, induce an early 
response to luteinizing hormones and cause premature differentiation of small follicles, 
resulting in anovulation. On the other hand, they adversely affects the functions and 
environment of the endometrium and are responsible for disturbances in embryo 
implantation.

In addition, hyperinsulinemia disturbs the intra- follicular microenvironment during 
folliculogenesis, decreases the fertilization rate and the potential for embryonic 
development during natural ovarian stimulation cycles. Insulin primarily acts on its own 
receptors located on the theca cells surrounding the stromal and granulosa cells, 
thereby stimulating ovarian steroidogenesis. Research shows that inflammation 
(elevated levels of IL-6 and IL-17) accompanying insulin resistance and obesity affect 
ovulation and fertilization and increase the risk of early miscarriage.
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Adrenal gland

Changes in the hypothalamic-pituitary-adrenal axis and the subsequent alterations in 
the concentration of circulating hormones constitute the body’s response to stressful 
challenges (Table 6). Mobilization of resources during the stress response suppresses 
the reproductive axis, which gives the survival of an individual higher priority than the 
preservation of the species (195). Stressors also affect the adrenal medulla, which 
secretes catecholamines, i.e. adrenaline and noradrenaline, and the adrenal cortex that 
secretes aldosterone, which is, next to cortisol, a key regulator of blood pressure. 

10



Ovaries

Ovaries 

Estrogens belong to the family of steroid hormones produced mainly by the gonads and 
the placenta. In addition to the reproductive system, they play an important role in the 
immune, skeletal and neuroendocrine systems, therefore disturbances in their 
concentration or functioning are observed in pathological conditions and diseases such 
as infertility, cancer, obesity or osteoporosis. Estrogens have been shown to have 
negative and positive feedback on the hypothalamic-pituitary axis, and their action is 
possible by binding to the estrogen receptor alpha (ERa) and beta (ERb). These 
receptors have different tissue expression patterns in both humans and rodents. 
Estrogen mediation in biological responses is possible through a genomic mechanism, 
usually occurring within hours in most tissues, and a non-genomic mechanism, 
occurring very rapidly within minutes of exposure to hormones. 

Estrogen binds to the ER, which is mainly found in the nucleus of the target cell. The 
resulting complex can regulate gene activity by binding directly to DNA regulatory 
elements called estrogen response elements (EREs), leading to the recruitment of 
additional factors involved in the regulation of transcription. An alternative approach, 
also called indirect, involves interaction with transcription factors, including TF, AP-1, 
SP1, and NF-kB, which recruits chromatin-modifying coregulator proteins and enables 
activation or repression of ER target genes to direct cell proliferation. The non-genomic 
mechanism involves the interaction of the ER located in the plasma membrane or its 
vicinity with adapter proteins, including Shc and Src, as well as signaling through 
GPR30, resulting in activation of the MAPK cascades, PI3K, and adenylate cyclase. 
Progesterone is an endogenous steroid hormone commonly produced by the cortex of 
the adrenal glands and the gonads. The ovarian follicles are the main source of 
peripheral progesterone from the late follicular to luteal phase . It is also secreted by 
the corpus luteum of the ovary, generally during the first ten weeks of pregnancy, and 
then through the placenta. The action of progesterone is based on binding to a receptor 
located in the cell cytoplasm. Then it dimerizes and translocates to the nucleus where 
it can bind to DNA, which enables the regulation of gene expression. There are three 
isoforms of progesterone receptors: PR-A, PR-B and PR-C. 

Primary ovarian insufficiency

Primary ovarian insufficiency (POI) is defined as the cessation or irregular menstrual 
cycles under the age of 40 in the presence of elevated serum FSH levels. This disorder 
is rare and affects approximately 1% of women. The causes of POIs can be 
spontaneous, genetic, environmental, infectious, autoimmune, surgical, chemotherapy 
or radiation related.
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The European Society of Human Reproduction and Embryology (ESHRE) recommends 
both of the following diagnostic criteria for POIs: hypomenorrhea/amenorrhea for at 
least four months, elevated follicle-stimulating hormone levels (> 25 mIU/mL) 
confirmed twice at an interval > 4 weeks. Serum FSH determination is the gold 
standard in the POI diagnosis. 

The anti-müllerian hormone can only be interpreted in conjunction with the FSH and 
estrogen levels. In the case of secondary amenorrhea, it is necessary to exclude 
pregnancy by testing the serum level of beta subunit of human chorionic gonadotropin 
(beta-HCG) and the concentration of thyroid stimulating hormone and prolactin, as 
endocrine diseases can lead to menstrual disorders. Chromosome analysis and fragile 
X premutation tests are recommended for all women with POI. As some cases of POI 
are autoimmune in nature, it is important to rule out other autoimmune diseases. 
According to ESHRE, it is necessary to assess the level of adrenal and thyroid 
antibodies. If the results are positive, it is imperative to monitor the function of these 
glands. 

About 76% of POI patients maintain regular periods during adolescence and adulthood, 
followed by cycle disruptions. Ovarian function can be intermittent and unpredictable, 
with spontaneous ovulation in up to 20% and conception in approximately 5-10% of 
women . The symptoms these women experience are identical to those during 
menopause and can include hot flashes, night sweats, dyspareunia, vaginal dryness, 
sleep disturbances, mood changes, altered urination frequency, low libido, and a lack of 
energy. They are caused by a decrease in the production of estradiol in the ovaries. 
Symptoms may be transient or intermittent and may vary in severity due to 
fluctuations in ovarian activity during the spontaneous occurrence of POI. POI 
significantly reduces patients’ quality of life due to increased cardiovascular risk, 
decreased bone mineral density leading to osteoporosis and atrophic changes in the 
genitourinary system. The disease has a negative impact on the mental well-being of 
patients, is associated with pregnancy failures and lower sexual satisfaction. 

Polycystic ovary syndrome 

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in women of 
childbearing age, affecting approximately 6–21% of women. PCOS can be diagnosed 
using the Rotterdam criteria, which require at least two of the three listed criteria: 
anovulation, clinical signs of hyperandrogenism and/or serological elevation of 
androgens, polycystic ovaries demonstrated by ultrasound. The National Institutes of 
Health criteria also require clinical or biochemical hyperandrogenism and oligo- or 
anovulation. The American Excess PCOS Society requires hyperandrogenism with one 
of the other two criteria. As this is an exclusion diagnosis, disorders that exhibit 
PCOS-like features must be ruled out. These include hyperprolactinemia, thyroid 
disease, non-classical congenital adrenal hyperplasia. In addition to infertility, many 
diseases are associated with PCOS, including endometrial cancer, type 2 diabetes, 
impaired glucose tolerance, metabolic syndrome, cardiovascular risk, non-alcoholic 
fatty liver disease/non-alcoholic steatohepatitis (NAFLD/NASH). It has been estimated 
that about 50% of women with PCOS are overweight or obese and have reduced insulin 
sensitivity.
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Almost all causes of PCOS arise from functional ovarian hyperandrogenism (FOH). 
Two-thirds of cases have typical FOH, characterized by androgen secretion disruption 
with an excessive response of 17-hydroxyprogesterone to gonadotrophin stimulation. 
In other cases of PCOS, an increase in testosterone levels is observed, which can be 
detected after suppressing the production of androgens in the adrenal glands. The 
causes of dysregulation include excess insulin, which sensitizes the ovaries to 
luteinizing hormone, as well as an imbalance between the intra-ovarian regulatory 
systems.
 
The excess of androgens enhances the growth of primary follicles. At the same time, it 
initiates premature luteinization, making the selection of the dominant follicle difficult. 
It is estimated that about half of FOH patients have insulin-resistant hyperinsulinism, 
which prematurely luteinizes granulosa cells, increases steroidogenesis, and stimulates 
fat accumulation. Hyperandrogenemia causes LH excess, which acts on luteinized 
granulosa and theca cells. Hormonal dysregulation alters the pulsatile release of GnRH, 
resulting in increased biosynthesis and secretion of LH compared to FSH. It has been 
shown that LH stimulates the production of androgens in the ovaries, while a decrease 
in FSH levels leads to the inhibition of aromatase activity in granulosa cells, reducing 
the conversion of androgens to estradiol. Moreover, serum androgens are converted 
peripherally to estrogens. Since it occurs mainly in adipose tissue, estrogen production 
will be increased in obese PCOS patients. Furthermore, unbalanced estrogen 
stimulation can lead to endometrial hyperplasia and endometrial cancer. 
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Testes

The testes are paired, oval glands located in the scrotum. Their main functions include 
the production of male gametes (sperm) and male sex hormones. Sperm formation is 
carried out by the germinal epithelium located in the convoluted tubules of the testes, 
while the production of testosterone, the main male sex hormone, is the responsibility 
of Leydig cells. These cells also produce a small amount of androstenedione (A4). The 
functioning of the testes depends mainly on LH and FSH, as LH stimulates the 
production of testosterone, and FSH promotes the production of male gametes. 

The testes are not only the site of testosterone synthesis, but also the main organ 
regulated by its activity. Testosterone stimulates spermatogenesis by affecting not only 
spermatogonial stem cells, but also Sertoli cells, which support spermatogenesis and 
create a blood-testis barrier within the epithelium. In addition, testosterone is the main 
hormone involved in male sexual maturation. Other functions of testosterone are the 
stimulation of bone and muscle mass growth, and the regulation of sexual drive. Unlike 
LH, FSH acts directly on epithelial cells. It regulates the function of Sertoli cells, 
stimulating them to paracrine activity, promoting the maturation of spermatogonia into 
spermatocytes. The large increase in testosterone production by the testes in 
adolescence is one of the main factors in stimulating puberty. During sexual 
maturation, its synthesis increases 20-30 times. Due to this, not only physical but also 
mental changes are induced, such as increased sex drive, tendencies towards 
non-physical aggressive behavior and domination. 

The testes, although being the main androgen-producing organ, are not the only ones. 
Another source of androgens is the adrenal glands. They produce 
dehydroepiandrosterone (DHEA) and androstenedione. DHEA is an anabolic hormone 
and strongly influences cognitive functions such as mood and sex drive. A4 is a 
testosterone precursor and has an effect similar to testosterone, but weaker. Both 
hormones are involved in adrenarche, and the increase in their concentration at the age 
of 6-8 years is probably of key importance in the development of social and cultural 
skills. Impaired testosterone secretion, regardless of whether it results from primary 
organ failure (Klinefelter syndrome, Leydig cell aplasia, genetic or drug-induced 
defects) or a defect associated with the secretion of pituitary hormones (Kallmann’s 
syndrome, hypopituitarism, genetic or drug-induced defects in LH secretion) is a 
well-known cause of male infertility(Table 8).

The relationship between androgens and female fertility 

Recently, increasing attention has been paid to the relationship between female fertility 
and blood levels of androgens (Table 9). Their sources are the ovaries, adrenal glands 
and the conversion of estrogen into androgens in other tissues. The concentration of 
this hormone is not subject to lifestyle fluctuations, except for smoking, which 
increases its level.
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The causes of the increase in androgen levels in women may include, apart from 
exogenous supplementation, polycystic ovary syndrome, adrenal hyperplasia, 
Cushing’s disease and neoplasms. 

It has been shown that the increased concentration of androgens increases the 
frequency of anovulatory cycles. The effect of increased testosterone concentration on 
pregnancy is difficult to clearly establish, as both no effect on the course of pregnancy 
(304) and an increased risk of preeclampsia have been demonstrated. An increased 
generation of pro-inflammatory factors within the uterine arteries was also observed, 
which may have a potentially negative impact on the course of pregnancy. 

At the same time, it has been shown that the reduced testosterone concentration in 
women undergoing assisted reproductive protocols may be the cause of a poor 
response to ovarian stimulation. Optimal testosterone concentrations have been 
demonstrated in terms of the effectiveness of assisted reproductive protocols and oral 
testosterone supplementation in order to increase the chances of success of such 
treatments.
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Summary 

More and more couples are affected by fertility and pregnancy maintenance disorders. 
It is estimated that male infertility accounts for 40-50% of couples’ infertility. It is 
associated with impaired testosterone secretion, which may result from primary organ 
failure or is associated with the disruption of the secretion of pituitary hormones. 
Normal ovarian function and placental secretion are essential for female fertility and the 
maintenance of pregnancy. The most common endocrine disorder in women of 
reproductive age is polycystic ovary syndrome, where androgen secretion is impaired, 
and an increase in testosterone levels is also possible. Such dysregulation results in a 
disruption of the pulsatile secretion of gonadotropin-releasing hormone by the 
hypothalamus, which in turn leads to abnormal gonadotropin secretion. There is also a 
rare disorder characterized by inhibition or irregular menstrual cycles known as primary 
ovarian insufficiency. Fertility is also influenced by autoimmune diseases, the toxicity of 
disease-modifying drugs, in particular non-steroidal anti-inflammatory drugs and 
glucocorticoids. Interestingly, HIV infection is associated with an increased risk of 
pituitary gland stroke and pituitary lymphoma, possibly leading to hypopituitarism, one 
of the effects of which is infertility. The pituitary-ovarian axis can also be influenced by 
thyroid hormones. Hypothyroidism leads to its inhibition, which increases the risk of 
miscarriage, premature births, stillbirths, and even infertility.

The form of infertility treatment depends on its duration and the patient’s age. It 
includes ovulation stimulation with clomiphene citrate or gonadotropins, intrauterine 
insemination, in vitro fertilization. Therapeutic regimens are modified and various 
methods of drug administration are tried to increase their effectiveness and minimize 
side effects. However, it is important to correctly diagnose the disorder and take the 
required medications. Obesity is also getting more and more attention, as it is an 
important factor contributing to the reduction of fertility and predisposing to adverse 
pregnancy outcomes. Weight loss interventions that include exercise and calorie 
restriction diets seem to be a good idea. In obese people, metformin is also often used, 
which improves menstrual cycles, reduces progression from impaired glucose tolerance 
to type 2 diabetes, and is also recommended in the case of contraindications to the use 
of hormonal contraceptives. Therefore, infertility as well as disorders of the 
maintenance of pregnancy and childbirth are a multifactorial issue related to numerous 
relationships between endocrine organs. Understanding these relationships as well as 
the importance of the influence of external factors is necessary to develop new and 
better diagnostic and therapeutic schemes.
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