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Abstract: Objectives: To evaluate the presence of hormonal abnormalities and fertility disorders in patients with 
chronic kidney disease (CKD) awaiting renal transplantation. 
Methods: From September 2009 to April 2011 all male patients with CKD awaiting kidney transplantation were 
investigated. The following tests were performed: semen analysis, serum concentration of testosterone, SHBG, 
LH, FSH and prolactin. Differences in hormone levels and sperm count parameters were statistically evaluated 
between the control group and the patient group. 
Results: The group of patients consisted of 74 and the control group of 41 men. Average testosterone levels 
were lower in patients compared to control group. In patients signifi cantly higher levels of SHBG, LH, FSH and 
PRL were found, and statistically signifi cantly lower ejaculate volume, total sperm count, sperm concentration, 
total and progressive sperm motility and sperm morphology than in the control group. Within the group of pa-
tients a negative correlation between testosterone and PRL was found and a positive correlation between tes-
tosterone and total sperm motility and morphology. A negative correlation was detected between the duration 
of haemodialysis and testosterone, sperm concentration, total and progressive motility and sperm morphology.
Conclusion: Signifi cant changes in hormone levels and impaired fertility are found in haemodialyzed patients 
on a waiting list for kidney transplantation. The dynamics of these changes are dependent on the duration of 
haemodialysis (Tab. 4, Fig. 2, Ref. 15). Text in PDF www.elis.sk.
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In the Czech Republic 6318 patients were dependent on dialy-
sis at the end of 2010, i.e. 602 per 1 million inhabitants. Haemo-
dialysis was performed in 5820 patients and peritoneal dialysis in 
498 patients. Number of haemodialysis patients increases every 
year, 379 haemodialysis patients/1 million inhabitants were reg-
istered in 2001, and in 2010 it was already 554 patients/1 million 
inhabitants. Of the total number of haemodialysis patients, 30 % 
is under the age of 60 and approximately 20 % of haemodialysis 
patients should be considered for renal transplantation according 
to current standards (1).

Approximately 15 % of couples are unable to conceive within 
1 year and seek treatment for infertility. Semen analysis abnormali-
ties (oligozoospermia, asthenozoospermia and teratozoospermia) 
contribute or cause one half of these cases. Male fertility may 

be deteriorated due to congenital or acquired abnormalities of 
the urogenital tract, urogenital infections, varicocoele, endocrine 
disorders, genetic abnormalities and immunological disorders (2). 
Deteriorated fertility in haemodialyzed patients with chronic kid-
ney disease (CKD) is mainly caused by endocrine and immuno-
logical factors, the other factors may contribute to a lesser extent.

Fertility has a major impact on quality of life in men younger 
than 50 years of age. The above data show that there is a large 
group of patients with CKD on haemodialysis and impaired fer-
tility in the Czech Republic. The aim of our study was to fi nd out 
the incidence of hormonal and fertility disorders in patients less 
than 49 years of age with CKD on the waiting list for kidney trans-
plantation and to defi ne correlation between fertility disorders and 
the duration of haemodialysis.

Methods

All patients from 18 to 49 years of age with CKD, awaiting 
kidney transplantation and signed informed consent form for 
the study were examined from September 2009 to April 2011. 
These patients were recruited from haemodialysing centres (40 
centres) which closely cooperate with Transplantcentre at IKEM 
Prague (Institute for Clinical and Experimental Medicine). Pa-
tients with diabetes mellitus and medications which can infl uence 
level of sex hormones or spermatogenesis were excluded from 
the study.
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List of performed tests and analysed data in patients group:
1) Causes of CKD – divided into 4 groups:

1.1 Glomerulonephritis
1.2  Tubulointerstitial nephritis
1.3  Polycystic kidney disease
1.4  Other

2) Time from the onset of CKD
3) Duration of haemodialysis
4) Serum concentrations of hormones (blood sampling was carried 

out according to the methodology of the European Association 
of Urology)
4.1 Testosterone (T) (standard 9.0 to 55.0 nmol/l)
4.2 Steroid hormone binding globulin (SHBG) (standard 11.2 

to 78.1 nmol/l)
4.3 Luteinizing hormone (LH) (standard 1.2 to 8.8 IU/l)
4.4 Follicle stimulating hormone (FSH) (standard 0.95 to 9.7 

IU/l)
4.5 Prolactin (PRL) (standard 72.7 to 407.4 mIU/l)

5) Semen analysis (sampling was performed according to WHO 
methodology):
5.1 Semen volume (standard ≥1.5 ml)
5.2 Total sperm count (normal ≥39 million)
5.3 Sperm concentration (normal ≥15 million/ml)
5.4 Total sperm motility (standard ≥40 % sperm moving with 

grade A + B + C)
5.5 Progressive sperm motility (standard ≥32 % sperm mov-

ing with grade A + B)
5.6 Sperm morphology (standard ≥4 % of normally shaped 

sperm)
The control group consisted of men from 18 to 49 years exam-

ined at urology department for stone disease from September 2009 
to April 2011, and signed informed consent form to be included 
in the study. The same tests (hormone levels and semen analysis) 
were performed in the control group of patients.

Following parameters were evaluated:
1) Differences between the group of patients and controls:

1.1 hormone levels
1.2 semen analysis parameters

2) Correlations within the group of patients:
2.1 hormone levels
2.2 parameters of semen analysis 
2.3  hormone levels and parameters of semen analysis
2.4  hormone levels and parameters of semen analysis and the 

cause of CKD
2.5  hormone levels and parameters of semen analysis and du-

ration of CKD
2.6  hormone levels and parameters of semen analysis and du-

ration of haemodialysis
T-tests were used to fi nd a statistically signifi cant difference 

between the monitored normally distributed variables, between 
healthy controls and patients. Pearson´s chi-squared test was used 
for categorical variables, i.e. to determine whether there was a 
statistically signifi cant difference between the number of patients 
and healthy controls with normal and pathological values. The 
correlation between variables within the group of patients was 

evaluated using Pearson’s correlation coeffi cient. The results were 
considered as statistically signifi cant when p<0.05.

Results

The group of patients consisted of 74 men, mean age 40 
years (SD±7.5) and control group of 41 men, mean age 36.7 
years (SD±8.8). Glomerulonephritis was the cause of CKD in 20 
patients (28.2 %), tubulointerstitial nephritis in 19 patients (26.7 
%), polycystic kidney disease in 10 patients (14.1 %) and other 
aetiology in 22 patients (31 %). The average duration of CKD 
and haemodialysis in investigated patients was 130.4 (SD±87.7) 
and 48.8 (SD±41.7) months. Only 14 patients were treated with 
haemodialysis less than 1 year, 15 patients less than 2 years, 11 
patients less than 3 years, 15 patients less than 4 years and 16 pa-
tients more than 4 years.

1) Comparison between the group of patients and control group:
1.1 hormone levels
Average testosterone levels were lower in patients compared 

to control group. Patients were found higher mean SHBG, LH, 
FSH and PRL levels than in the control group and the difference 
was statistically signifi cant (Tab. 1).

T SHBG LH FSH PRL
patients 10.0 36.4 11.6 8.8 620.2
controls 13.9 30.0 3.1 3.2 290.8
p 0.090 0.030 0.003 0.006 0.001
Bold: statistically signifi cant
Kurz: values out of physiological range

Tab. 1. Differences between the group of patients and controls in hor-
mone levels.

 normal T decreased T
patients (%)  50 (70.4 %)  21 (29.6 %) 
controls (%) 100 (100.0 %) 0 (0.0 %)
p 0.006  

Tab. 2a – d. Difference in number of patients and controls with normal 
and pathological hormonal levels.

2a) testosterone

2b) LH

 normal LH decreased LH increased LH
patients (%) 42 (59.2 %) 0 (0.0 %) 29 (40.8)
controls (%) 39 (95.1 %) 2.0 (4.9 %) 0 (0.0 %)
p 0.001  

2c) FSH

normal FSH decreased FSH increased FSH
patients (%) 55 (77.5 %) 0 (0.0 %) 16 (22.5 %)
controls (%) 39 (95.1 %) 2 (4.9 %) 0 (0.0 %)
p 0.001  

2d) prolactin

 normal PRL decreased PRL increased PRL
patients (%) 37 (52.1 %) 1 (1.4 %) 33 (46.5 %)
controls (%) 33 (80.5 %) 8 (19.5 %) 0 (0.0 %)
p 0.001  
Bold: statistically signifi cant
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Signifi cant differences for all hormones except SHBG were 
found, when the numbers of patients and healthy individuals 
with normal and pathological values   of hormones were compared 
(Tab. 2a–d). 

1.2 semen analysis parameters
Decreased mean volume of ejaculate, total sperm count, sperm 

concentration, total and progressive sperm motility and sperm mor-

phology were found in patients compared to the control group and 
the difference was statistically signifi cant (Tab. 3).

2) Correlations within the group of patients:
2.1 hormone levels
Negative correlation was identifi ed between T and PRL plus 

between SHBG and T + FSH. Positive correlation was indentifi ed 
between LH and FSH.

2.2  Parameters of semen analysis
Positive correlation was identifi ed between almost all param-

eters of semen analysis except ejaculate volume, which correlated 
only with total sperm count.

2.3 hormone levels and semen analysis parameters 
Positive correlation was identifi ed between T and total sperm 

motility and morphology, between LH and sperm morphology, and 
further between FSH and volume of ejaculate (Tab. 4).

Correlation was not identifi ed between hormone levels, se-
men analysis parameters and the cause of CKD and further no 
correlation was found between hormone levels, semen analysis 
parameters and the duration of CKD.

2.4 hormone levels, semen analysis parameters and duration 
of haemodialysis

Negative correlation was identifi ed between the duration of 
haemodialysis and T (Fig. 1).

Negative correlation was identifi ed between the duration of 
haemodialysis and sperm concentration, total and progressive 
motility and sperm morphology (Fig. 2).

Discussion

According to World Health Organization about 15 % of couples 
are not able to conceive within one year and seek for infertility 

semen volume total sperm count sperm concentration total sperm motility progressive sperm motility sperm morphology
patients 2.1 52.9 19.9 39.3 16.2 15.7
controls 3.3 201.4 60.8 58.7 50.7 19.9
p 0.011 0.001 0.001 0.001 0.001 0.049
Bold: statistically signifi cant
Kurz: values out of physiological range

Tab. 3. Differences between the group of patients and controls in semen analysis parameters.

Tab. 4. Correlations within the group of patients: hormone levels and 
parameters of semen analysis.

  T SHBG LH FSH PRL
semen volume 0.990 0.859 0.100 0.001 0.864
total sperm count 0.398 0.638 0.638 0.122 0.440
sperm concentration 0.146 0.254 0.674 0.771 0.184
total sperm motility 0.019 0.732 0.574 0.583 0.896
progressive sperm motility 0.077 0.274 0.313 0.409 0.636
sperm morphology 0.024 0.467 0.048 0.311 0.753
Bold: statistically signifi cant

Fig. 1. Dynamics of hormone levels in dependence on the duration 
of haemodialysis. Axis x: years, Axis y: concentration of hormones.

Fig. 2. Dynamics of semen analysis parameters in dependence on the dura-
tion of haemodialysis. Axis x: years, Axis y: parameters of spermiogram.
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treatment. Approximately 5 % of couples remain without their 
own offspring despite treatment of infertility. The male infertility 
factor (abnormalities in semen analysis: oligozoospermia, asthe-
nozoospermia and teratozoospermia) causes infertility in 50 % of 
infertile couples. Male fertility may be reduced due to congenital 
or acquired abnormalities of the urogenital tract, urogenital in-
fections, varicocoele, endocrine disorders, genetic abnormalities 
and immunological disorders. Idiopathic male infertility involves 
30–40 % of infertile men and the cause of infertility cannot be 
identifi ed in these cases (2).

Data about the incidence of CKD are inaccurate and practically 
undetectable. There are high numbers of patients with CKD who 
are not diagnosed at all, usually due to minor clinical symptoms. 
Estimated incidence of CKD is about 5 % of the population in 
the USA (3) for intermediate (grade 3) plus severe (grade 4) i.e. 
calculated glomerular fi ltration with <0.5 mL/s). The incidence of 
end stage (grade 5) CKD, when the treatment of renal failure with 
dialysis or renal transplantation is necessary, is easily traceable due 
to records of patients in dialysis and transplant centers. Dialysis 
care was provided for 6318 patients in the Czech Republic at the 
end of 2010 i.e. 602 per 1 million inhabitants. Haemodialysis was 
performed in 5820 patients and peritoneal dialysis in 498 patients. 
Number of patients dependent on haemodialysis increases every 
year, in 2001 it was 379 patients per 1 million inhabitants and in 
2010 already 554 patients per 1 million inhabitants. Of the total 
number of haemodialyzed patients 30 % (1746 patients in 2010) is 
under the age of 60 years and approximately 20 % (1164 patients 
in 2010) dialyzed patients should be considered for renal trans-
plantation according to current medical standards (1).

Fertility deterioration in haemodialyzed patients with CKD 
is mainly due to endocrine and immunological factors, to a lesser 
extent other factors may be involved as well. Fertility has a great 
importance mainly for men less than 50 years of age. The above 
data show, that there is a large group of haemodialyzed patients 
with CKD and impaired fertility in the Czech Republic and else-
where in the world as well. The subgroup of patients with the most 
favorable prognosis is represented by the patients on a waiting list 
for kidney transplantation. These patients are on average younger 
with less com orbidities and they have the greatest interest for fer-
tility preservation or treatment of infertility.

Chronic kidney disease leads to infertility in men, which may 
manifest by the reduction of all basic parameters of semen analysis: 
ejaculate volume, sperm count and concentration, reduced motility 
and impaired sperm morphology. Both qualitative and quantitative 
parameters of semen analysis depend on the endocrine, metabolic 
and immunological environment of the organism, and the hormone 
levels are the most important factors affecting spermatogenesis in 
patients with CKD requiring dialysis (1).

It has been repeatedly demonstrated that T level decreases 
in haemodialysis patients, it is highly probable due to dysfunc-
tion of Leydig cells induced by CKD and haemodialysis (4). As 
a result of low testosterone level LH increases, however deterio-
rated clearance may participate on this process as well (5). The 
fact, that low therapeutic dose of T causes a signifi cant decrease 
or normalization of LH level in haemodialyzed patients with im-

paired fertility, may be considered as a prove at least temporary 
preserved function of hypothalamic–pituitary–testicular axis in 
these patients (6). Elevated PRL level is another factor that may 
contribute to a decrease of testosterone. Hyperprolactinemia oc-
curs in patients with CKD very often and mainly is caused by 
reduced clearance of PRL. Further, some other well-known fac-
tors may also contribute to hyperprolactinemia (7). A causal link 
between hyperprolactinemia and low testosterone level is docu-
mented in study with dopamine agonist bromocriptine, which is 
used for treatment of hyperprolactinemia. Bromocriptine admin-
istration in patients with CKD leads to an increase of pathologi-
cally low T levels,   without signifi cant impact on elevated levels 
of LH-RH and LH. The effect of hyperprolactinemia on Leydig 
cells is direct and not mediated by affecting the hypothalamic–pi-
tuitary–testicular axis (8).

Decreased quality of semen analysis and low testosterone 
level is usually associated with increased level of FSH (5). The 
fact, that therapeutic dose of T leads to an improvement of semen 
analysis parameters and normalization or signifi cant decrease of 
FSH level in some patients, may be considered as a prove at least 
temporary preserved function of hypothalamic–pituitary–testicular 
axis in dialyzed patients with impaired fertility (6).

Kidney transplantation is the most effective treatment of the 
end stage CKD. Renal transplant patients have a signifi cantly 
longer survival and a signifi cantly lower morbidity compared to 
dialyzed patients (9). Chronic kidney disease leads to a develop-
ment of a number of pathophysiological mechanisms in a human 
body relating to virtually every organ and functional systems, 
such as cardiovascular, metabolic, endocrine, etc. Renal trans-
plantation has a potential to positively affect some of these pato-
physiological mechanisms, and some of the dysfunctions or their 
symptoms or consequences even restore (10). In this context, the 
impact of renal transplantation on fertility has been assessed in 
the past, unfortunately the results of these studies are not con-
clusive. While some authors have demonstrated the benefi ts of 
kidney transplantation for improvement of male fertility, includ-
ing a tendency to normalize hormonal levels (11–13), the other 
authors have not proved the same result regarding male fertility 
(14, 15). In our work we monitored all basic fertility parameters 
in the group of patients with CKD requiring haemodialysis. In ad-
dition, we explored the issue, which has not been studied yet, and 
it is causal connection between the development of infertility and 
the time on the waiting list for renal transplantation. As expected, 
we found that the group of patients had statistically signifi cantly 
lower all monitored semen analysis parameters and statistically 
signifi cantly higher levels of LH, FSH and PRL compared with 
control group. The mean testosterone level was lower in the group 
of dialysed patients, but the difference was not statistically signifi -
cant. This fact can be explained by fi nding T levels at the upper 
limit of normal range in some patients, who were also diagnosed 
to have very high levels of LH. Consequently we could assume, 
that there is a certain group of patients who are temporarily able 
to compensate low testosterone levels with high production of 
LH. Further, a statistically signifi cant correlation was detected 
between hyperprolactinemia and low testosterone level in the 
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group of patients and statistically signifi cant correlation between 
low testosterone level and reduced sperm motility and abnormal 
sperm morphology, which represent the most sensitive qualitative 
parameters of the sperms.

An important result of the study is the fi nding that the duration 
of haemodialysis signifi cantly correlated with low testosterone 
level and deterioration of most semen analysis parameters. A sig-
nifi cant worsening of fertility parameters occurs after about 3 years 
of haemodialysis. This suggest, that early kidney transplantation 
less than three years from the start of haemodialysis, may prevent 
serious and often irreversible deterioration of fertility due to early 
restoration of hormonal levels and other functions of the organism. 
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