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Abstract
Chronic kidney disease (CKD) is accompanied by a great number of comorbidities. One of the most clinically 
important, present in women as well as in men, is infertility. In this review paper, the entire issue of impaired 
fertility in women and men with CKD is discussed. In both genders, impaired fertility is caused by the inter-
connection of several factors. In women, these are as follows: the accumulation of uremic toxins; endocrine 
disorders (e.g., reduced renal clearance of different hormones, disturbed activity of the pituitary–gonadal 
axis); the impairment of the ovarian function; a reduced ovarian reserve; sexual function disorders; and 
depression. In men, quite similarly: the accumulation of uremic toxins; endocrine disorders; the impairment 
of spermatogenesis; direct testicular damage; erectile dysfunction (ED); and depression. The prevalence 
of impaired fertility increases with the degree of kidney function deterioration in women and men. The highest 
prevalence of these disturbances is observed in patients with CKD stage 5. Successful kidney transplantation 
(KTx) in women reduces the accumulation of uremic toxins, restores the function of the endocrine system 
and improves, but does not normalize, fertility. Similarly in men, KTx restores the function of the endocrine 
system and improves fertility up to a point, but cannot fully reverse the morphological damage already done 
to the gonads by the uremia itself. Infertility is one of the important, yet sometimes depreciated complica-
tions in women and men with CKD. The etiology and pathogenesis of infertility in CKD is complicated. Kidney 
transplantation alleviates, but does not fully reverse fertility impairment in CKD patients.
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Introduction

Fertility disorders occur commonly in patients with 
chronic kidney disease (CKD). These disorders affect both 
women and men with comparable severity, but in a differ-
ent manner. Disturbances concerning sexual life and pro-
creation are important clinical problems in these patients, 
and may lead to the worsening of the quality of their lives 
or the development of depression. It seems, though, that 
they are quite often overlooked by the clinicians dealing 
with CKD patients. The aim of this review paper is to de-
scribe the entirety of fertility abnormalities in women and 
men with CKD and after kidney transplantation (KTx), 
in a detailed yet concise manner, and thus support physi-
cians in making adequate decisions concerning patients 
with renal diseases.

Infertility in women with chronic 
kidney disease

Impaired fertility is one of the important, yet sometimes 
depreciated comorbidities in women with advanced CKD. 
It is most common in women with CKD stage 5. In women 
younger than 40 years of age requiring chronic hemodialy-
sis, primary ovarian insufficiency is more prevalent than 
in the general population.1 Menopause occurs in these 
women around 4.5 years earlier as compared to healthy 
females.2,3 Pregnancy in women on chronic hemodialy-
sis is rare – its prevalence is 0.3/100 females/year, which 
is about 40 times less than in the general population.4,5 
Interestingly, pregnancy is more likely to occur in women 
receiving renal replacement treatment (RRT) with pre-
served residual renal function.6

Infertility is defined as a failure to become pregnant af-
ter 1 year of regular sexual intercourse without using any 

contraception.6 In the general population, the prevalence 
of infertility varies between 8% and 12%, with the female 
factor of infertility contributing to more than 72% of cases 
in developed countries.7,8 The prevalence of  infertility 
in women with CKD stage 5 has been reported as exceed-
ing 90%.1

Impaired fertility in women with CKD may be caused 
by the accumulation of uremic toxins, sexual function 
disorders, decreased renal catabolism of different hor-
mones, and other abnormalities of the endocrine system. 
Moreover, the  function of  the  ovaries is  deteriorated, 
which is manifested by the reduction of the ovarian re-
serve (Table 1). The aforementioned complications may 
lead to irregular, usually anovulatory menstrual cycles and 
significant difficulties in successful pregnancies in female 
CKD patients.9–11

Sexual function disorders in women  
with chronic kidney disease

In CKD women, the disorders of the sexual function are 
frequent and may arise from psychological as well as or-
ganic factors. Among chronically hemodialyzed women, 
60–70% suffer from sexual dysfunction.

Over 50% of these women complain of a significant libido 
decrease and a concomitant decline in the ability to reach 
orgasm. This causes a marked reduction in the frequency 
and quality of sexual intercourse,2,11 and falls into a defini-
tion of hypoactive sexual desire disorder (HSDD), which 
is described as a persistent absence of sexual thoughts 
and/or desire for and receptivity to sexual activity, and 
is regarded as a cause of personal distress.2,3,12 Another im-
portant psychological factor leading to sexual dysfunction 
in women with CKD is the coexistence of depression.13,14

Amid the organic causes of sexual dysfunction in CKD, 
a variety of conditions may be listed. The uremic milieu 
per se, peripheral neuropathy, anemia, cardiovascular dis-
eases (CVDs), the disturbances of the endocrine system 
affecting the pituitary–gonadal axis, as well as the adverse 
effects of antidepressant medications can all contribute 
to the sexual derangements in these women.11,12

All of the aforementioned conditions may lead to a sig-
nificant impairment of the sexual function in women with 
CKD. In self-reported questionnaire analyses, the mag-
nitude of sexual dysfunction in CKD women14 was com-
parable to that of “post-menopausal women with sexual 
dysfunction”,15 and was markedly higher than in women 
with diabetes.16 Even more significant, over 55% of the par-
ticipants in a study by Peng et al. had no sexual life at all 
during the course of the study, so they were not counted 
as patients with sexual dysfunction.14 Of note, dialysis 
adequacy (Kt/V >1.2) seems not to have a beneficial influ-
ence on the magnitude of sexual dysfunction in dialyzed 
women.14

Table 1. Causes of fertility disturbances in women with chronic kidney 
disease (CKD)

Fertility disturbances Causes

Sexual function disorders

– decrease in libido (HSDD)
–  depression and adverse effects 

of antidepressant medications
– peripheral neuropathy
– anemia
– cardiovascular disorders

Endocrine abnormalities 
leading to irregular 
menstrual cycles

– hyperprolactinemia
–  disturbed pulsatile secretion of GnRH, 

LH and FSH
– low estradiol concentration

Impaired ovarian function 
(reduced ovarian reserve)

– uremic toxin-related damage
– low AMH concentration

HSDD – hypoactive sexual desire disorder; GnRH – gonadotropin-
releasing hormone; LH – luteinizing hormone; FSH – follicle-stimulating 
hormone; AMH – anti-Müllerian hormone.



Adv Clin Exp Med. 2022;31(2):187–195 189

Endocrine disorders in women  
with chronic kidney disease

Severe alterations of the endocrine gland function (i.a., 
the pituitary gland and the ovaries) are a frequent finding 
in women with CKD. They have a complex nature and may 
be due to improper synthesis, secretion or metabolism 
of different hormones, which is mostly caused by the de-
terioration of the kidney function. The most severe con-
sequences of the aforementioned disturbances are anovu-
latory menstrual cycles and infertility. The disturbances 
of the hypothalamic–pituitary–ovarian axis occur early 
in CKD and tend to progress with the course of disease, 
as well as after the initiation of RRT.9,17

Prolactin

Serum prolactin (PRL) concentration is  increased 
in 30–65% of women with CKD. The basal serum PRL 
concentration is usually elevated and improper diurnal 
rhythm of PRL secretion can be observed. Additionally, 
the sleep-induced bursts of PRL secretion are usually ab-
sent, although episodic secretion of PRL in the daytime 
has been noted.

The most prominent factor in the pathogenesis of hy-
perprolactinemia in women with CKD is reduced renal 
clearance of  PRL. Also, an  increase in  PRL secretion 
in the pituitary gland, caused by inadequate dopaminergic 
inhibition,17,18 contributes to hyperprolactinemia in these 
patients. Additionally, an increase in serum PRL concen-
tration after stimulation by thyrotropin-releasing hormone 
(TRH) administration is usually blunted.

In CKD women with hyperprolactinemia, amenorrhea 
is a frequent finding.9 An increased serum PRL concentra-
tion is one of the major factors contributing to the dysregu-
lation of the hypothalamic–pituitary–ovarian axis. This 
inhibits gonadotropin secretion, leading to hypogonado-
tropic hypogonadism.

In a small clinical study conducted on CKD patients with 
hyperprolactinemia, bromocriptine treatment led to the re-
duction of blood pressure and left ventricular hypertrophy, 
along with the normalization of prolactinemia.19 More-
over, sustained treatment with erythropoietin-stimulating 
agents (ESAs) may also decrease serum PRL concentration 
in patients treated with chronic hemodialysis.20

Luteinizing hormone and follicle-stimulating hormone

In apparently healthy premenopausal females, lutein-
izing hormone (LH) is  secreted in a pulsatile manner. 
Women with CKD are characterized by the loss of pul-
satile gonadotropin-releasing hormone (GnRH) secretion 
in the hypothalamus, which leads to the lack of normal 
pulsatile LH release by the pituitary gland.

Premenopausal CKD patients are characterized by a nor-
mal or mildly elevated basal serum LH concentration, 

but the pre-ovulatory peak of serum LH concentration 
is absent.9 In healthy women, estradiol blunts the ampli-
tude of LH pulses. In women with CKD, estradiol does not 
influence the serum LH concentration surge. This suggests 
the impairment of the physiological feedback loop and con-
tributes to the impairment of ovulation. In consequence, 
the loss of normal pulsatile LH secretion in the pituitary 
gland in CKD leads to infertility.21

The loss of pulsatile GnRH release in the hypothala-
mus also affects the pituitary follicle-stimulating hormone 
(FSH) secretion. Nevertheless, in contrast to LH, serum 
FSH concentration usually is normal or just slightly el-
evated in most premenopausal females with CKD. This 
causes a decrease in the FSH/LH ratio, which is also the re-
flection of a significant hypothalamic–hypophyseal dys-
regulation in women with CKD.11

Estrogens and progesterone

In female CKD patients, serum estradiol concentration 
may be normal, but more often decreased, and is consis-
tently lower in women with CKD and concomitant hyper-
prolactinemia. In the luteal phase of the menstrual cycle, 
serum progesterone concentration is decreased as a result 
of defective luteinization of the follicles.9

One of the major clinical consequences of a decreased se-
rum estrogen concentration are bone disorders.22 Patients 
with amenorrhea present not only low serum estrogen 
concentration, but also lower bone mineral density (BMD), 
as compared to women requiring RRT that do not have 
menstruation disorders. The results of small clinical inter-
ventional studies suggest that treatment with transdermal 
estradiol (with the cyclic addition of progestin – norethis-
terone acetate) or treatment with selective estrogen re-
ceptor modulators (SERMs, e.g., raloxifene) may increase 
the BMD of the lumbar spine in postmenopausal women 
on chronic hemodialysis.23 Still, taking into consideration 
the potential adverse cardiovascular effects of hormonal 
replacement therapy (HRT), it has to be underlined that 
currently no conclusive results of long-term clinical studies 
on SERMs and HRT in women with CKD are available.

Anti-Müllerian hormone

Besides the aforementioned sexual function disorders 
and alterations of the hypothalamic–pituitary–gonadal 
axis, also impaired ovarian function per se is a promi-
nent cause of fecundity disorders in CKD women.3 One 
of the indicators of ovarian impairment is a reduced ovar-
ian reserve. The ovaries are susceptible to  injury from 
a variety of factors, which is due to the limited number 
of germinal cells present in the ovaries and their inability 
to regenerate. The term “ovarian reserve” refers to the re-
maining endowment of resting and primary ovarian folli-
cles. It is used to define the quality and quantity of follicles 
that are present in the ovaries at a given time.24
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One of the best markers of the ovarian reserve in women 
with preserved renal function is the serum concentration 
of anti-Müllerian hormone (AMH). Anti-Müllerian hor-
mone is a 140 kDa glycoprotein that circulates as a dimer. 
It is mostly synthesized by granulosa cells that surround 
each oocyte in primary, preantral and small antral follicles 
until they reach a diameter of 6–8 mm.25,26 The abrupt 
decrease of AMH expression is observed in larger follicles, 
as the follicle becomes dominant. The most important 
physiological function of AMH is the inhibition of the ex-
cessive recruitment of primordial follicles and the inhibi-
tion of the growth of preantral and antral follicles, which 
is  mediated through the  reduction of  their sensitivity 
to FSH stimulation. This takes place in the follicular phase 
of the menstrual cycle and leads to the selection of a domi-
nant follicle. The quantity of resting primordial follicles 
that remain intact in the ovaries determines the ovarian 
reserve.26–28

Physiological monthly serum sex hormone concentra-
tion fluctuations do not influence serum AMH concentra-
tion in women. It tends to be constant during the entire 
menstrual cycle.28,29 Serum AMH concentration reflects 
the  number of  growing follicles and is  proportional 
to the pool of primordial follicles. That is why serum AMH 
concentration is considered to be one of the best markers 
of the ovarian reserve. Physiologically, the highest serum 
AMH concentration is observed after puberty (in women 
around 25 years of age). Then, serum AMH concentra-
tion decreases with age at a rate of about 6% per year until 
circulating AMH is virtually undetectable in postmeno-
pausal woman. This decrease in serum AMH concen-
tration is tightly connected to a decrease in the number 
of growing follicles.29,30

The diminishing serum AMH concentration may be 
an indicator of either physiological or premature aging 
of the gonads.29,31 The results of our clinical study showed 
significantly lower serum AMH concentration in hemo-
dialyzed women with regular menstrual cycles than in age-
matched regularly menstruating females from the control 
group.10 This seems to suggest that a decrease in AMH 
secretion by the damaged granulosa cells and the reduc-
tion of the ovarian reserve are the most pronounced causes 
of diminished fertility in women with CKD. The results 
seem to imply that infertility in CKD women is at least 
partially caused by the damage of the ovaries due to ure-
mic toxins.10 Later studies regarding this topic showed 
similar results,31,32 with an additional finding that serum 
AMH concentration seems not to depend on the presence 
of proteinuria.31

Impaired fertility in women  
after kidney transplantation

The results of various clinical studies suggest that suc-
cessful KTx tends to improve, but not normalize, female 
fertility. Pregnancy is 4 times more common in women 

with well-functioning kidney allografts than those requir-
ing chronic hemodialysis. Still, it  is about 10 times less 
probable than in the general population. Kidney transplan-
tation usually restores the sexual function and decreases 
menstrual cycle disturbances. It also tends to normalize 
the secretion of sex hormones. It was demonstrated that 
the serum concentrations of LH, FSH and PRL in women 
after successful KTx are similar to those in healthy con-
trols. It seems that the restoration from the uremic mi-
lieu to normal endocrine environment leads to normal 
maturation of the Graafian follicles, normal ovulation and 
luteinization.11,33,34

However, it is important to stress that women after suc-
cessful KTx are characterized by significantly lower serum 
AMH concentration as compared to healthy females. This 
gives a rationale for an assumption that although KTx leads 
to the alleviation of the hypothalamus–pituitary–ovar-
ian axis derangements, it does not restore the ovarian re-
serve. Therefore, it is likely that the disturbances of fertil-
ity, which are to some extent still present after KTx, are 
caused by the impairment of the ovarian function. This 
impairment of the ovaries seems to arise from the irre-
versible damage caused by uremic toxicity present before 
the transplantation procedure.10

Anti-Müllerian hormone is a protein hormone, thus 
it  is most likely metabolized by the kidneys, like other 
proteins. This may explain the observed decrease in se-
rum AMH concentration accompanying the improvement 
of the kidney function after a uccessful KTx. However, 
this hypothesis needs to be confirmed in cross-sectional 
studies amidst patients with different stages of CKD and 
in experimental animal studies.

Infertility in men with chronic 
kidney disease

As mentioned before, infertility is defined as the inability 
to conceive after a 1-year period of regular intercourse. 
In the general population, approx. 30–50% of infertility 
cases can be attributed to male factors.35 Little is known 
about the prevalence and exact pathogenesis of fertility dis-
orders in men with CKD. It seems, though, that they stem 
from the interconnection of 3 major causes: erectile dys-
function (ED); endocrine abnormalities; and testicular mor-
phology alterations/impaired spermatogenesis (Table 2).

Erectile dysfunction

The prevalence of ED in CKD patients reaches 70–80%, 
which is much more than in the general population. Erec-
tile dysfunction is most commonly observed in men re-
quiring RRT.36,37 The nature of this alteration is complex, 
as physiological, psychological and organic factors are 
involved in its pathogenesis. The most important causes 
of ED are cardiovascular and nervous system alterations. 
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Other important contributing conditions are anemia, 
erythropoietin (EPO) and zinc deficiency, as well as co-
existing diseases and their pharmacotherapy.

Chronic kidney disease is often accompanied by CVDs. 
One of the critical components of CVD is endothelial dys-
function, in which the production of nitric oxide (NO) 
in endothelial cells is severely compromised. Nitric oxide 
is a crucial player in the vasodilatation of cavernous ar-
teries, which is necessary for the accumulation of blood 
in the cavernous bodies, required for the initiation and 
maintenance of erection.38,39 Thus, a diminished NO syn-
thesis in the endothelium leads to the development of erec-
tile dysfunction in this group of patients.

The amount of blood flow through the cavernous arteries 
is strictly orchestrated by the autonomous nervous system. 
In the penis flaccid state, the sympathetic nervous system 
is predominant and after sexual stimulation, the parasym-
pathetic nervous system activation starts to dominate. 
This leads to vasodilatation and the increase of blood flow 
through the cavernous bodies. So unsurprisingly, autono-
mous nervous system neuropathy, frequently observed 
in uremia, contributes to the development of ED.40

Patients with CKD have a tendency to have a decreased 
blood hemoglobin concentration, which is most pronounced 
in CKD stage 5. Erythropoietin-stimulating agents are cur-
rently commonly used in these patients in order to restore 
the optimal hemoglobin concentration. Treatment with 
ESAs is also reported to have a beneficial influence on ED 
in CKD men.41,42 At first, this effect was attributed to the se-
rum PRL concentration decrease caused by the treatment 
with ESAs; still, later studies yielded conflicting results 
concerning this matter.41,43 Recently, it has been proposed 

that ESAs may contribute to an increase in serum testos-
terone concentration and the regeneration of the cavernous 
nerve as well as antiapoptotic activity in the cavernous bod-
ies.44–46 These factors may lead to the decreased magnitude 
of ED in CKD patients treated with ESAs.

Zinc deficiency has been lately regarded as one of pos-
sible causes of EPO-resistant anemia in CKD patients.47 
This phenomenon is caused by the reduced absorption 
in the gastrointestinal duct and direct removal during 
each hemodialysis session. The results of  studies con-
ducted so far demonstrate a beneficial influence of oral 
zinc supplementation on the reticulocyte count, but also 
on an increase in serum testosterone concentration and 
the alleviation of ED in this group of patients.47,48

The prevalence of depression among CKD patients may 
reach 20–30%.49,50 Depression can be another factor leading 
to the development of ED in this population.51 On the other 
hand, the treatment of depression with tricyclic antidepres-
sants can exacerbate the course of ED in CKD patients.50

Chronic kidney disease is accompanied by many comor-
bidities. A vast proportion of these diseases can also be 
linked to the pathogenesis of ED. Globally, the most preva-
lent cause of kidney disease is diabetes mellitus. It is one 
of the most prominent risk factors for ED, as it causes auto-
nomic neuropathy and vasculopathy as well as endothelial 
damage.52,53

Hypertension leads to the aggravation of atherosclero-
sis and endothelial dysfunction, so it can be considered 
as another risk factor for the development of ED. Despite 
strong evidence of such a relationship in the general popu-
lation,54,55 the results of studies conducted on men with 
CKD are not fully conclusive.52,55 Medications commonly 
used in the treatment of hypertension, such as thiazide/
thiazide-like diuretics, most of beta-adrenergic receptor 
antagonists (β-blockers) and alfa-2-adrenegic receptor an-
tagonists (α2-blockers) may contribute to the aggravation 
of ED in CKD men.56,57 On the other hand, the treatment 
with angiotensin-converting enzyme (ACE) inhibitors 
or angiotensin II type 1 receptor (AT1)-blockers seems 
to have some beneficial influence on the prevalence of ED 
in men on maintenance hemodialysis.53

Other risk factors for ED in  CKD patients are obe-
sity, especially with the body mass index (BMI) exceed-
ing 28 kg/m2, and dyslipidemia.58,59 Another important 
modifiable risk factor for atherosclerosis, and thus ED, 
is cigarette smoking. The results of studies conducted so 
far seem to imply that smokers are characterized by higher 
prevalence as  well as  magnitude of  ED as  compared 
to non-smokers.56,58

Endocrine disorders in men  
with chronic kidney disease

Men with CKD are characterized by several sex hor-
mone derangements. Usually, the serum concentrations 
of both total testosterone (TT) and free testosterone (FT) 

Table 2. Causes of fertility disturbances in men with chronic kidney 
disease (CKD)

Fertility 
disturbances Causes

ED

– cardiovascular disorders
– decrease in the NO synthesis
– autonomous nervous system dysfunction
–  depression and adverse effects of antidepressant 

medications
– peripheral neuropathy
– anemia
– zinc deficiency
– adverse effects of antihypertensive medications
– obesity
– smoking

Endocrine 
abnormalities

– low TT and FT concentrations
– elevated LH and FSH concentrations
– hyperprolactinemia

Testicular 
damage/impaired 
spermatogenesis

– decreased number and motility of sperm cells
– Sertoli cell atrophy
– testicular fibrosis
– low AMH concentration
– morphological extra-testicular disturbances

ED – erectile dysfunction; NO – nitric oxide; TT – total testosterone; 
FT – free testosterone; LH – luteinizing hormone; FSH – follicle-stimulating 
hormone; AMH – anti-Müllerian hormone.
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are decreased, while the binding capacity and the serum 
sex hormone-binding globulin (SHBG) level remain nor-
mal.9 Additionally, serum LH concentration is elevated 
in uremic men, so hypergonadotropic hypogonadism can 
be diagnosed. It seems, though, that the main factor re-
sponsible for the low serum TT and FT concentrations 
is the uremia-related injury of the testes. On the other 
hand, the administration of human chorionic gonadotro-
pin (HCG) in uremic subjects results in a blunted response 
in testosterone release. Human chorionic gonadotropin 
acts through a similar mechanism as LH, so hyporespon-
siveness to LH in the uremic milieu can be diagnosed, 
which could suggest that it is rather the resistance of Ser-
toli cells to LH that causes low testosterone release. Inter-
estingly, a compound blocking luteinizing hormone re-
ceptor (LHR) was found in uremic serum, yet so far only 
in in vitro conditions.60

Low serum testosterone concentrations in CKD may 
lead to diminished libido, but testosterone is also crucial 
in the correct functioning and morphology of the penis. 
Testosterone deficiency leads to the replacement of smooth 
muscle cells in the cavernous bodies with collagen fibers.61 
This phenomenon directly links endocrine disturbances 
with ED, described in the previous paragraph. Interestingly, 
Fugl-Meyer et al. found no association between the CKD 
stage and/or  serum TT concentration and the magni-
tude of sexual dysfunction in men, despite the fact that 
serum TT concentration decreased along with the stages 
of CKD.62

Besides the aforementioned elevation of serum LH con-
centration, also serum FSH concentration is  increased 
in CKD males. This seems to be primarily caused by low 
serum inhibin concentration. Inhibin, which negatively 
regulates FSH release in the pituitary gland, is produced 
in Sertoli cells in the testes.63 Another hormone produced 
by Sertoli cells in males is AMH. Its serum concentration 
in men with terminal renal failure is decreased, as it was 
recently shown by Eckersten et al.64 Similarly to women, 
an increased serum concentration of PRL is often found 
in men with CKD. It is caused by increased production and 
decreased renal catabolism.9

It is important to stress that also the pharmacotherapy 
routinely used in men with CKD may contribute to changes 
in hormone concentrations and to the aggravation of fertil-
ity disorders. One of the potential examples is cinacalcet, 
widely used in the treatment of secondary hyperparathy-
roidism in CKD patients. Male patients treated with cina-
calcet develop a decrease in the already low serum TT and 
FT concentrations.65 Moreover, it seems that cinacalcet 
treatment may further decrease the already abnormally low 
serum AMH concentration in this group of patients (data 
not yet published). On the other hand, the results of re-
cent studies seem to suggest that transdermal testosterone 
replacement therapy (TRT) might be safe and effective 
in reversing the symptoms of testosterone deficiency, and 
improve quality of life in men with CKD.66

Impaired spermatogenesis

Chronic kidney disease is usually linked to the impair-
ment of spermatogenesis. The analyses of semen in men 
with CKD usually show oligozoospermia, asthenozoosper-
mia and a decrease in the ejaculate volume. Additionally, 
Xu et al. described vastly decreased sperm cell viability, 
motility and percentage of  spermatozoa with normal 
morphology.67 The  fertility index (defined according 
to the Harvey formula: sperm concentration × sperm mo-
tility × percentage of spermatozoa with normal morphol-
ogy) was strikingly, almost 60 times, lower than in the con-
trol group. Further ultrastructural examinations showed 
the abnormalities in the heads and tails of spermatozoa 
as well as the lack of acrosomes.67

In histological examinations, the atrophy of Sertoli cells was 
described.9 Further studies involving testicular biopsy analy-
ses showed decreased germ cell proliferation and an increase 
in fibrosis in men with uremia.68 Moreover, men requiring 
maintenance dialysis develop a decrease in the testicular 
volume, which tends to progress along with the consecu-
tive dialysis years.69 This is also reflected in a markedly de-
creased serum AMH concentration in men with CKD stage 5. 
Anti-Müllerian hormone in men is secreted by Sertoli cells 
to the bloodstream and the seminal fluid, and can be inter-
preted as a marker of the function of these cells.64

It is important to stress that several congenital condi-
tions can be linked to the development of subfertility or in-
fertility in CKD men. The presence of posterior urethral 
valves may be responsible for the pathogenesis of erectile 
and/or ejaculatory dysfunction even in young men.70 Also, 
autosomal dominant polycystic kidney disease (ADPKD) 
may be accompanied by, for example, seminal vessel cysts 
and/or asthenozoospermia.71

Impaired fertility in men  
after kidney transplantation

Kidney transplantation in adult male patients seems 
to alleviate the derangements in the hypothalamic–pi-
tuitary–gonadal axis caused by uremia.72,73 On the other 
hand, studies concerning testicular hormone concentra-
tion and the semen quality parameters yielded somewhat 
conflicting results.74,75

In a recent study by Eckersten et al., a rapid normaliza-
tion of testosterone, LH and FSH as well as PRL was ob-
served.76 However, no significant changes in serum AMH 
concentration and a decrease in serum inhibin B con-
centration were noted,76 suggesting that the Sertoli cell 
function does not improve as fast or to the same extent 
as the Leydig cell function.

Kidney transplantation does not fully nullify the mor-
phological abnormalities of the testes and does not nor-
malize the  semen quality in  comparison with healthy 
peers. Although an  increase in  the  spermatogonium, 
spermatozoon and spermatocyte count was observed 
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in the testicular biopsies of men before and after KTx, 
no increase in the Sertoli cell number was found.77 This 
is in line with a previously mentioned study by Eckersten 
et al.76 Moreover, in other studies, only slight improvement 
in the morphological image of the testicular biopsies was 
found in men after KTx treated with azathioprine, which 
raises the important question of the choice of the immuno-
suppression protocol in young kidney allograft recipients 
with reproductive plans.

Tainio et al.77 observed a smaller testes volume in men 
after successful KTx in childhood or adolescence in com-
parison with healthy controls.77 Also, the semen quality 
was worse, with only 22% of patients with normospermia. 
This was especially prominent in the subpopulation of men 
treated with cyclophosphamide in childhood. Interest-
ingly, serum androgen concentrations in kidney allograft 
recipients and the general population were comparable.77

Successful KTx also tends to ameliorate ED,73 but the de-
gree of improvement varies from more than 50% of patients 
in some studies,78 to no improvement or even worsening 
in others.79

Effect of immunosuppression

Calcineurin inhibitors (CNI) – cyclosporine A (CsA) 
and tacrolimus – seem not to have a significantly negative 
influence on male fertility, at least within therapeutic blood 
concentrations,65,79 even though animal studies showed 
a tendency to oligozoospermia, reduced sperm cell motility 
and altered testicular morphology under tacrolimus regi-
men.80,81 Reduced fertility in men after KTx can be attrib-
uted to mammalian target of rapamycin (mTOR) inhibi-
tors – sirolimus and everolimus. Those compounds may 
interfere in the hypothalamus–pituitary–gonadal axis and 
may have a negative impact on the sperm cell count and 
motility.82,83 The effect of mycophenolate mofetil (MMF) 
and mycophenolic acid (MPA) on male fertility is not clear. 
Both MMF and MPA are teratogenic during pregnancy, 
but it seems that they have no profound negative impact 
on spermatogenesis and the paternity rate.84,85

Conclusions

Fertility disorders in  women with CKD arise from 
a complex permeation of disturbances. Sexual function 
disorders, endocrine alterations with the prominent role 
of the hypothalamus–pituitary–ovarian axis disorders, 
reduced renal clearance of different hormones as well 
as the  impairment of the ovarian function per se (e.g., 
a reduced ovarian reserve), all influence each other. These 
deteriorations together with the accumulation of uremic 
toxins form a composite network of disturbances, ulti-
mately leading to the development of fertility impairment 
in women with CKD. In consequence, pregnancy is over 
40 times rarer in women on prevalent hemodialysis than 

in the general population. Successful KTx in women with 
CKD reduces the accumulation of uremic toxins, restores 
the function of the endocrine system and improves fertility, 
but cannot reverse the damage already done to the ova-
ries by the uremic milieu, which is reflected by a reduced 
ovarian reserve. Thus, KTx vastly improves, but does not 
normalize fecundity in women with CKD.

Fertility disorders in men with CKD stem from a perme-
ating network of 3 main disturbances. Erectile dysfunction, 
endocrine alterations with the prominent role of the hy-
pothalamus–pituitary–testicular axis disorders and hy-
potestosteronemia, reduced renal clearance of different 
hormones as well as the direct impact of uremia on Sertoli 
and Leydig cells, leading to impaired spermatogenesis, 
all influence each other. Those deteriorations together 
with the accumulation of uremic toxins ultimately lead 
to the impairment of fertility in men with CKD. Successful 
KTx in men with CKD restores the function of the endo-
crine system and improves fertility up to a point, but can-
not fully reverse the morphological damage already done 
to the gonads by uremia itself. Thus, also in CKD men, KTx 
improves, but does not normalize fecundity.
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