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Introduction

With the rising prevalence of end stage renal disease 
(ESRD), over 100,000 Americans are now currently listed 
for kidney transplant. Approximately 13,000 patients 
received a deceased donor organ in 2016, and half of these 
recipients had been on dialysis for >5 years (1). Men and 
women of childbearing age account for nearly 40% of the 
potential renal transplant recipients (1). It is now well-
established that both men and women with chronic kidney 
disease (CKD) have significant fertility and hormonal 
deficits associated with uremia, chronic inflammation, and 
changes in reproductive hormone levels. Taken together, 
the literature suggests that the paucity of donor organs 
and the prolonged wait time predisposes young adults with 
ESRD to a multitude of pathological reproductive changes 

associated with hemodialysis (HD). 
Even without the complications associated with ESRD, 

approximately 15% of all couples worldwide experience 
infertility (defined as the inability to conceive after  
12 months of timed intercourse). Roughly half of these 
cases can be attributed to male factors (2). While the 
causes of male infertility have been well defined from an 
epidemiology perspective in the general population (3), the 
ESRD population clearly represents a more challenging 
cohort. This is primarily due to the fact that male infertility 
in the dialysis population is multifactorial and often related 
to underlying comorbidities such as hypertension and 
diabetes, as well as specific changes associated with CKD 
and HD. In this brief review, we discuss the association 
of male infertility with CKD and dialysis. We explore the 
changes in reproductive hormones, semen quality, erectile 
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dysfunction (ED), and paternity with renal transplantation.

ESRD and reproductive hormones

Hormonal aberrations in ESRD

The hormonal changes associated with ESRD are profound 
and have significant consequences on a variety of men’s 
health issues, but the precise physiology underlying changes 
in the hypothalamic-pituitary-gonadal (HPG) axis remains 
relatively poorly understood. Testosterone, for example, 
has been shown to be decreased in ESRD (Figure 1), 
and the prevalence of hypogonadism in HD-dependent 
men may surpass 50% (4). The levels of testosterone are 
inversely related to pro-inflammatory markers such as IL-6, 
implicating chronic inflammation as a potential contributing 
factor (5). As expected, the changes in testosterone are 
accompanied by changes in luteinizing hormone (LH). 
Mechanistically, there appears to be a disruption of the 
normal cyclic GnRH release pattern (6). This aberration 
in turn is thought to lead to decreased testosterone (T) 
levels via a blunted LH secretory burst, which in turn 

predisposes CKD men to chronically elevated LH and 
hypogonadism (hypergonadotropic hypogonadism). This 
theory is supported by an improvement in all parameters 
when ESRD patients are administered clomiphene, which 
improves hypogonadism by acting centrally to stimulate 
follicle stimulating hormone (FSH) and LH (6). The 
diminished T production is also likely further exacerbated 
by Leydig cell dysfunction, resulting in the profound 
symptomatic hypogonadism seen in many male ESRD 
patients. 

In addition to the above changes, prolactin is also 
elevated in CKD. This elevation is predominately thought 
to be due to a loss of the negative feedback mechanism and 
a modest decrease in renal clearance rate. More recent work 
has also demonstrated diminished anti-Müllerian hormone 
(AMH), suggesting a Sertoli cell defect in addition to the 
Leydig cell suppression (7). 

Hormonal changes with transplantation

A growing body of literature has suggested that renal 

Figure 1 Graphical representation of hormonal and seminal parameter changes with end stage renal disease and renal transplantation. Note 
that the width of the graphical elements represents the variability reported in the literature for each respective variable. The gray areas and 
dotted lines represent the range of values seen in healthy fertile males. 
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transplantation has a significant effect in rescuing the 
eugonadal phenotype in at least a subset of recipients. Early 
work by Lim and colleagues (8) showed that transplantation 
resulted in a doubling in plasma testosterone levels. More 
detailed analysis showed an improvement in testosterone 
accompanied by a decrease in LH, FSH, and prolactin 
(Figure 1) (9). A large contemporary series by Reinhardt 
and colleagues published in 2018 showed that of the 40% 
of ESRD patients with documented hypogonadism, less 
than half remained so after a year following transplant. The 
mean testosterone was significantly improved as early as  
3 months postoperatively. Interestingly, while FSH and 
LH remained unchanged, estrogen decreased and prolactin 
robustly decreased immediately after transplant (4). This is 
in contrast to Hamdi and colleagues, who noted a significant 
change in both LH (decreased) and FSH (increased) at 
6 months following transplant (10). Finally, Prem et al. 
showed resolution of hypogonadism and elevated LH in the 
majority of patients undergoing transplantation, but in this 
cohort FSH levels remained aberrant (11). It remains to be 
seen whether these discrepancies represent differences in 
the underlying etiologies of ESRD, the immunosuppressive 
regimen employed, or other subtle differences in these 
populations. It also remains to be proven whether long-term 
support with a functional renal transplant graft could allow 
hormone levels to normalize, or whether this population is 
likely to be hypogonadal long-term. 

ESRD and spermatogenesis

Congenital genitourinary anomalies and ESRD/infertility

Many young patients develop CKD at a young age secondary 
to congenital anomalies which may also predispose to male 
infertility by distinct mechanisms. For example, autosomal 
dominant polycystic kidney disease is associated with seminal 
vesicle cysts, megavesicles, and asthenozoospermia (12).  
Prune belly syndrome is associated with near-universal 
refractory male infertility due to undescended testicles 
and prostatic hypoplasia (13), and paternity is only 
achieved in approximately 5.0% of patients with exstrophy 
due to sexual dysfunction and abnormal genitalia (14).  
Posterior urethral valves may confer increased risk of ED 
and/or ejaculatory dysfunction (15). Congenital unilateral or 
bilateral absence of the vas deferens (CUAVD or CBAVD, 
respectively) is identified in 1% of men undergoing 
infertility workup (10% of those with azoospermia) and 
predisposes men to renal insufficiency later in life due to the 

associated prevalence of solitary kidney (16). Interestingly, 
while 42% of men with CUAVD are found to have a 
solitary kidney, this rate falls to only 18% of men with 
CBAVD (16). Presumably this is due to the fact that if the 
underlying mechanism bilaterally were to predispose to 
bilateral renal agenesis, then the developing embryo would 
have been nonviable. While management of these cases 
from a CKD perspective can be challenging, management 
of the infertility component is often equally challenging and 
requires careful patient-tailored management and in some 
cases assisted reproduction. 

ESRD and impaired spermatogenesis

In addition to the association between a common congenital 
cause for ESRD and infertility, uremia itself strongly 
influences a man’s ability to conceive. The mechanisms 
behind this are multifactorial and include (but are not 
likely limited to) direct effects on spermatogenesis, ED, 
and hormonal imbalances. Semen analysis in men with 
advanced CKD demonstrates decreased volume and 
oligoasthenozoospermia (17), and testicular pathology can 
demonstrate Sertoli cell atrophy (6). Xu and colleagues 
further characterized this phenomenon in patients on 
HD and noted a roughly 50% decrease in sperm viability, 
motility, concentration, and normal morphology in ESRD 
patients compared to controls (18). Men on long-term 
dialysis have also been shown to have diminished testicular 
volume that continues to decrease with further time on 
HD. Biopsy of testicles from these patients has shown 
increased fibrosis with decreased germ cell proliferation (19).  
Further mechanistic work demonstrated that sperm 
motility and normal morphology were the two basic semen 
parameters most affected by uremia (20). The decrease in 
motility was directly correlated with the duration of HD. 
Ultrastructural analysis has shown significant morphological 
changes including a lack of acrosome with both head and 
tail abnormalities (21). Biochemical analysis has also shown 
a downregulation of the cystic fibrosis transmembrane 
conductance regulator (CFTR) gene below levels found in 
both healthy and in infertile men (22). Taken together, the 
data suggests profound changes in spermatogenesis and 
sperm function in men with CKD. 

Structural reproductive consequences of renal 
transplantation

The potential for reproductive consequences from 
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transplant  s tarts  at  the t ime of  operat ion as  the 
retroperitoneal exposure can result in damage to the 
spermatic cord structures including the vas deferens and 
testicular blood supply (23). This operation can result in 
injury to the vas deferens (24) and predispose an already-
subfertile man to further decline in fertility. If the man 
desires future fertility, care must be taken to mobilize the 
spermatic cord and preserve the testicular bloody supply 
and vas deferens. It is thus important to address the patient’s 
fertility concerns preoperatively among the litany of other 
preoperative variables that are considered prior to renal 
transplantation.

Following transplantation, two groups (11,25) have 
characterized the changes in testicular architecture via testicular 
biopsy. Rodrigues Netto biopsied the testicles of 9 men before 
and renal transplant. The group quantitatively showed a robust 
increase in the number of spermatogonia, spermatocytes, 
spermatids, and spermatozoa, but no change in the number 
of Sertoli cells was appreciated (25). Prem and colleagues 
later studied a cohort of 19 young men who underwent 
living donor renal transplantation; a subset of these men 
underwent testicular biopsy before and after transplantation 
with azathioprine-based immunosuppression (11).  
Pretransplant testicular biopsy revealed late stage 
maturation arrest and decreased spermatogenesis. While 
post-transplant testicular biopsy showed improvement 
in spermatogenesis in a small portion of these patients, 
the majority continued to demonstrate signs of late stage 
maturational arrest (11). This data suggests that while some 
functional recovery may occur with reversal of uremia, the 
underlying fibrosis and abnormal testicular architecture 
likely remains and will permanently affect fertility. 

Semen quality following renal transplantation

Motivated by early reports of improvement in the 
hormonal panels of ESRD patients who received a kidney 
transplant, Lim and colleagues assessed semen parameters 
before and after transplant (8) in a small cohort of young 
men. As expected, they saw oligoasthenospermia and 
azoospermia in the pretransplant population with a gradual 
improvement in sperm count and motility over the course 
of ~12 months following transplant (Figure 1). Subsequent 
studies showed a statistically robust improvement in semen 
density, but this effect appeared to be limited to a subset 
of patients with a significant portion of men remaining 
azoospermic (11). Interestingly, sperm motility in this 

study diminished significantly following transplantation. 
Follow-up work by Akbari et  al .  re-demonstrated 
the improvement in count, albeit with only modest 
improvements in motility and normal morphology (9).  
They found that less than half of dialysis patients had normal 
semen analysis, whereas this improved to almost 75% after 
transplant (9). At the 2-year mark, their data suggested that 
transplant patients demonstrate little-to-no difference in 
basic semen parameters when compared to healthy age-
matched controls. 

An elegant study by Eid and colleagues stratified young 
male renal transplant recipients into fertile and infertile 
categories and compared these groups to each other and to 
fertile and infertile patients in the general population (26). 
They found that the fertile transplant group had sperm 
concentration and computer-aided sperm analysis (CASA) 
parameters that compared favorably to the fertile controls, 
supporting the possibility for complete spermatogenic 
recovery in some cases. In stark contrast, the infertile 
transplant cohort exhibited oligospermia and diminished 
motility that was strikingly similar to the infertile non-
transplant control group. Interestingly, the transplant infertile 
group demonstrated poor flagellar coordination compared 
to infertile controls, suggesting fundamental mechanistic 
differences in sperm function. The group postulated that 
some of the effects may be related to a significant difference 
in cyclosporine levels, which may be gonadotoxic or 
spermatotoxic in a dose-dependent fashion (26). 

ED in renal failure and transplant

ESRD and ED 

While an in-depth discussion on this topic is outside the 
scope of this review, it is important to acknowledge that the 
dramatic effect of ESRD on ED is now well documented 
and related both to the underlying etiology of CKD 
(e.g., diabetes or hypertension) as well as direct effects of 
uremia, particularly on the nervous system. Psychogenic 
ED in the setting of high levels of anxiety and depression, 
decreased activity, and poor body image associated with 
patients initiating dialysis is likely also a key driver in this 
phenomenon (27). Finally, polypharmacy with medications 
known to impair erections (beta blockers, diuretics, 
neuromodulators) likely contributes in many cases as well. 
When combined, these synergistic effects result in a >50% 
prevalence of ED in the ESRD population (28). This 
suggests that, even in the absence of changes in hormones 
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and semen quality, a significant proportion of men with 
ESRD may be unable to conceive due to ED alone. 

ED and renal transplant

In parallel with the improvement in hormonal parameters, 
erectile function also appears to improve with transplantation 
in a subset of patients (9). The degree of improvement, 
however, is widely variable in the literature depending on 
the cohort studied and analysis method, and the degree 
of reported improvement ranges from no change to 
improvement in 75% of patients. The most comprehensive 
study to date (including IIEF, Doppler ultrasound, 
cavernosometry, and Rigiscan endpoints) supports 
improvement in the majority (>50%) of patients (29).  
In stark contrast, a large cohort from Europe was found 
to have worse—not better—ED via IIEF in young men 
undergoing transplantation (30). Further work will be 
needed to better characterize this important aspect of men’s 
reproductive health as it relates to renal dysfunction. 

The effect of immunosuppression on male 
fertility

In addition to the rapid and profound physiological 
changes associated with renal transplantation and clearance 
of uremia itself, the selection of an immunosuppression 
regimen likely plays a critical role in the recovery of male 
fertility following renal transplant. Numerous drugs and 
regimens are now available, and each agent has a side effect 
profile that must be considered when making this decision.

Calcineurin inhibitors (CNIs)

R e p r e s e n t i n g  t h e  b a c k b o n e  o f  m o s t  m o d e r n 
immunosuppressive regimens, CNIs modulate immunity 
via blocking the nuclear factor of activated T cells (NFAT) 
dephosphorylation and interrupting IL-2 synthesis. The 
two main agents in this class in the modern era include 
cyclosporine (CsA) and tacrolimus. Data from the basic 
science literature suggests that in a solitary kidney rodent 
model, tacrolimus exerts minimal detrimental effects on 
spermatogenesis (31). This is in contrast to regimens 
containing cyclosporine or sirolimus, both of which caused 
oligospermia with diminished motility and morphology, 
decreased testosterone levels, and altered testicular 
architecture on histological analysis (31). In humans, 

however, small studies have shown relatively normal semen 
parameters and successful paternity on male renal transplant 
recipients on a cyclosporine regimen (18,21,26,32). Another 
larger contemporary study showed successful paternity in 
212 male transplant recipients on a CsA regimen showed 
relatively normal paternity at most doses. It appears the 
effects of cyclosporine on sperm parameters occurs in a 
dose dependent fashion (33). For an excellent more detailed 
summary of this literature, the reader is directed towards 
a recent review article by Georgiou and colleagues (34). 
Despite the widespread use of tacrolimus, there is a paucity 
of data in the literature on its effects on male reproductive 
health. Animal studies on relatively high doses of tacrolimus 
have shown testicular changes including cell death and 
diminished numbers of Sertoli cells and spermatocytes (35).  
A small comparative study between cyclosporine and 
tacrolimus, however, found no differences in hormonal 
parameters between transplant recipients receiving each 
regimen (36). While early studies are promising and suggest 
that paternity is certainly possible on CNIs, further work 
will be required to fully elucidate whether therapeutic doses 
of tacrolimus suppress male fertility to a meaningful degree. 
Interestingly, specific isoforms of calcineurin in sperm have been 
proposed as a candidate target for a male infertility pill (37),  
further suggesting this pathway may plan an important role 
in male infertility. 

mTOR inhibitors

Sirolimus, everolimus, and temsirolimus are inhibitors of 
the mammalian target of rapamycin (mTOR) and PI3K 
pathways and thus suppresses immunity as well as neoplastic 
processes. An anti-HPG effect has also been described (38), 
resulting in modest levels hypogonadism. In theory, both 
of these effects could have significant deleterious effects on 
spermatogenesis, and indeed this has been seen in practice. 
Patients receiving mTORs such as sirolimus appear to have 
diminished sperm counts, poorer motility, and significantly 
decreased spontaneous pregnancy rates with unknown 
additional risk of birth defects (39). Whether these changes 
are reversible remains controversial (40), but based upon 
this data, patients should be counseled on the risks of 
mTOR-based regimens on male fertility. 

Antimetabolites

Mycophenolate is a reversible noncompetitive inhibitor 
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of purine synthesis, which exerts its immunosuppressive 
effect by inhibiting DNA synthesis in lymphocytes. While 
mycophenolate appears to be teratogenic during pregnancy (41),  
the effect on spermatogenesis and paternity is less clear. 
Studies in animal models have demonstrated a decreased 
sperm count and motility, but this has not been studied in 
humans. The National Transplantation Pregnancy Registry 
(NTPR) recently published paternity data on 152 male 
transplant patients maintained on mycophenolic acid-
based medications (42). The rates of spontaneous abortion, 
prematurity, live births, and structural anomalies were all 
similar to the general population (42). This finding has been 
confirmed with another large cohort from Norway, which 
also found no evidence of adverse events in the setting of 
mycophenolate (43). 

Adolescents and renal transplant

There is clear evidence that renal transplantation is the 
treatment of choice for young patients with ESRD from 
the perspectives of cost, quality of life, and mortality. 
Based upon the above literature, there is now increasing 
evidence that transplant also confers an improvement in 
male fertility before and during the window of fatherhood. 
The development of uremia during the critical window of 
childhood or puberty, however, appears to have profound 
and potentially irreversible effects on testicular health 
and semen quality even decades later. A recent study 
by Tainio and colleagues examined a small cohort of 24 
male patients with ESRD secondary who underwent 
renal transplantation at an average of 10 years of age and 
compared them to healthy age-matched controls (44). The 
group evaluated these young men for the next ~20 years  
and reported testicular size, endocrine function, and semen 
analyses. They found a striking 3-fold decrease in average 
testicular size compared to healthy male controls. This 
was accompanied by a lower testosterone level (322 vs. 
399 pmol/L, respectively), higher LH (7.6 vs. 3.3 IU/L),  
and equivalent levels of FSH and inhibin B. Semen 
quality mirrored these changes. The transplant recipients 
demonstrated a 100-fold decrease in sperm count, with 
28% of the patients demonstrating azoospermia. Of note, 
the majority of their cohort was on a cyclosporine-based 
regimen with or without mycophenolate. Taken together, 
this data suggests that either adolescent uremia or long-
term immunosuppression (or both) provokes a significant 
and precipitous decline in male fertility. This group should 

be counseled accordingly and aggressively managed with 
urological consultation if paternity is desired. 

Paternity following renal transplantation

Spontaneous pregnancy outcomes

Successful paternity during dialysis is challenging, with 
spontaneous pregnancy rates being decreased by at least 
50% and possibly even more (45). Despite the physiologic 
challenges associated with ESRD and renal transplantation, 
paternity rates appear to improve significantly following 
transplant. One large study identified over 200 successful 
spontaneous pregnancies following renal transplant in 
the male partner (33). The pregnancies occurred between  
1 to 16 years after transplant, and the data suggested that 
partners who conceive within 2 years of transplant are at risk 
for modestly decreased birth weights and premature delivery, 
which occurred in 15% of patients in this cohort (33).  
This study, however, unfortunately did not provide the 
incidence of pregnancy or the total number of male 
transplants during the study period, and thus the actual 
paternity rate cannot be calculated. Another fascinating 
population-based retrospective study examined almost  
500 children fathered by recipients of solid organ 
transplants. The majority of men were on a triple 
immunosuppression regimen including steroids, tacrolimus/
cyclosporine, and mycophenolate/azathioprine. Compared 
to children fathered by this same group prior to transplant, 
the rates of major malformations and preterm delivery were 
not significantly different. Surprisingly, however, the odds 
ratio for developing preeclampsia was 7.4, suggesting a 
strong linkage between male immunosuppression and this 
condition (46). While the mechanism underlying this effect 
and preeclampsia in general is not fully elucidated, the data 
is tantalizing and suggests that further studies are necessary. 

Assisted reproduction

Despite the improvement in semen parameters seen in 
most patients, some men will persistently demonstrate 
oligoasthenozoospermia following transplant. If unable 
to conceive naturally, these men may benefit from 
additional workup and management including the use of 
intracytoplasmic sperm injection (ICSI). Two small case 
series have demonstrated feasibility for this approach. The 
first showed successful paternity in 2 women whose partners 
had prior kidney transplants without subsequent recovery 
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in fertility (47); unfortunately the third couple in this report 
were unable to sustain a pregnancy despite transfer of 
multiple embryos. The second report described 8 couples 
who pursued ICSI with resulting successful pregnancies in 
4 couples and live births in 3 (48). In addition to these early 
reports, successful ICSI has been reported in a variety of 
unique male transplant recipient patient populations including 
cystinosis (49), hyperoxaluria with cryptorchidism (50),  
and oligospermic renal transplant male recipient with 
female liver transplant recipient (51). Taken together, this 
body of literature suggests that ART is a viable option for 
couples with male infertility following renal transplant, 
albeit with mixed success. 

Conclusions

It is clear that ESRD exerts profound suppressive effects on 
male endocrine function, ED, spermatogenesis, resulting 
in significant reduction in conception rates for men with 
ESRD. While renal transplantation appears to reverse at 
least a portion of these changes, subfertility likely represents 
the rule rather than the exception in this population. The 
ongoing suppression in spermatogenesis and fertility 
is likely related to chronic structural changes in the 
testis, subtle residual perturbations in the HPG axis, and 
immunosuppression (though the latter still remains poorly 
studied, particularly with regards to modern regimens based 
upon tacrolimus). Ultimately, however, many of these men 
will successfully go on to father healthy offspring either 
through natural conception or with the assistance of ART. 
The reproductive outcomes appear to be worse for pediatric 
and adolescent transplant recipients—the explanation for 
this is multi-factorial as described above and is related to 
the underlying disease and its impact on the HPG axis and 
testis during puberty.

From humble beginnings with little clinical utility, the 
field of renal transplant has grown immensely in the past 
half-century and now represents the gold standard for 
improving the quality and quantity of life in young patients 
with renal failure. It is now time for the field to further 
refine this craft to improve secondary outcomes such as 
male infertility in order to maximize the urological care we 
as a field can offer our patients. 
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