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Abstract
Infertility among patients with chronic kidney disease (CKD) has been extensively investigated. However, 
reproductive function in these patients is less well‑characterized. The present study was aimed to examine 
the associations among chronic kidney disease (CKD) and fertility status by evaluation levels of: Luteinizing 
hormone (LH) and Follicle-stimulating hormone (FSH). Estrogen (E2) and Progesterone (P4) for females 
and Testosterone for males along with Anti-Mullerian Hormone (AMH) in CKD patients. The study has 
been registered at Nephrology and Transplant Center in Medical City of Baghdad- Iraq from April 2018 
to July 2018. The study included 50 patients who are diagnosed to have CKD stage-5, their ages ranged 
between 20-50 years (25 males and 25 females) and 20 matched apparently healthy as control, their ages 
ranged between 20-48 years (10 males and 10 females). This study showed a highly significant (P<0.01) 
increase in LH, FSH levels in CKD patients compared to the control group. Highly significant (P<0.01) 
decrease in E2 level in CKD females patients compared to the control group, while there was non-significant 
(P>0.05) decrease in P4 level in CKD females patients compared to the control group. In parallel, there is 
significant (P<0.05) decrease in Testosterone level in CKD males patients compared to the control group. On 
the other hand, the study showed non-significant (p>0.05) increase in AMH level in CKD patients compared 
to the control group.
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Introduction
The genesis of sexual dysfunction in patients with 

chronic kidney disease (CKD) is multifactorial [1]. 
Hormonal dysfunction in CKD is clinically accompanied 
by sexual dysfunction that influences the life quality of 
these patients, in advanced stages of CKD, these sexual 
dysfunctions can be more evident, several changes in 
hormone levels have been demonstrated, these changes can 
be because of decreased renal excretion and disturbance 
of the endocrine system because of uremic effects [2]. 
Disturbances in the hypothalamic‑pituitary‑gonadal axis, 
resulting in alterations in signal‑feedback mechanisms 
and hormone production, are seen already in patients 
with moderate reduction in the glomerular filtration 
rate and often become more obvious as kidney failure 
progresses [2,3]. Earlier studies have shown elevated 
levels gonadotropins, luteinizing hormone (LH) and 

follicle‑stimulating hormone (FSH) [4]. Decreased levels 
of free and total testosterone have also been reported in 
patients with CKD [5,6]. In those patients, level LH and 
FSH rise up [7]. In uremic patients, GnRH releasing from 
the hypothalamus and GnRH- LH signal are impaired. 
In these patients, bioactivity of LH changes and then a 
series of function inhibitors of LH are made [8].

Anti-Müllerian hormone (AMH) is a glycoprotein 
with a fundamental role in male sex differentiation [9]. 
As such, AMH is now recognized as the best available 
biomarker of both the functional and true ovarian 
reserve [10]. In male serum AMH is correlated with 
spermatogenesis, the Sertoli cells secrete AMH, and it 
is a specific marker of Sertoli cell function [11]. CKD 
and its consequences affect the production of AMH, 
resulting in change in AMH levels, this may indicate 
impaired function of Sertoli cells [12]. In women with 
CKD the aforementioned fertility disturbances may be 
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caused by the damage of the ovaries by uremia, this 
may reflect an intrinsic dysregulation of the granulosa 
cells leading to higher AMH production or alternatively 
AMH accumulation in CKD patients requiring dialysis 
[13,14].

Material and methods

The study has been registered at Nephrology and 
Transplant Center in Medical City of Baghdad- Iraq 
from April 2018 to July 2018. This study included two 
groups, patients and control group. The study included 
50 patients are diagnosed to have CKD stage 5, their 
ages ranged between 20-50 years (25 males and 25 
females) and 20 control their ages ranged between 20-
48 years (10 males and 10 females). Blood samples 

were collected from all groups for estimation of (LH, 
FSH, E2, P4, Testosterone), All those biomarkers were 
estimated in serum of all subjects by using an automated 
quantitative COBAS e 411 test (from Roche, Germany). 
Serum AMH was measured by ELISA using a kit 
supplied by Beckman Coulter- Germany.

Results

In this study the level of LH (7.10 ± 0. 57) was 
highly significant increased (P<0.01) in comparison 
with control (3.62 ± 0.45). Also, the level of FSH 
showed high significant increase (P<0.01) in patients 
group (8.01 ± 0.50) when compared with control group 
(4.79 ± 0.55), Table (1).

Table 1: Comparison between patients and control in level of LH, and FSH.

Group 
Mean ± SE

LH mIU/ml FSH mIU/ml

Patients 7.10 ± 0. 57 8.01 ± 0.50

Control 3.62 ± 0.45 4.79 ± 0.55

T-Test 1.897 ** 1.732 **

P-value 0.0005 0.0004

** (P<0.01): Highly Significant

On the other hand the mean of serum E2 and P4 levels in the females of study groups are summarized in Table 
(2). E2 level (7.89 ± 1.17) in patients group observed highly significant decrease (P<0.01) in comparison with control 
group (20.80 ± 5.04), while P4 levels showed non-significant decrease (0.407 ± 0.06) in patients compered to control 
group (0.408 ± 0.10) .

Table 2: Compare between patients and control (Female) in E2 and P4.

Group 
Mean ± SE

E2 Pg/ml P4 ng/ml

Patients 7.89 ± 1.17 0.407 ± 0.06

Control 20.80 ± 5.04 0.408 ± 0.10

T-Test 7.318 ** 0.249 NS

P-value 0.0008 0.997

 ** (P<0.01): Highly Significant ; NS: Non-Significant.

The present study displayed, significant decrease (P<0.05) in Testosterone level in male patients with CKD (1.57 
± 0.25) in comparison with healthy control group (2.73 ± 0.58).as shown in Table (3).
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Table 3: Compare between patients and control 
(Male) in level of Testosterone.

Group 
Mean ± SE of
Testosterone ng/ml

Patients 1.57 ± 0.25

Control 2.73 ± 0.58

T-Test 1.097 *

P-value 0.0387 

* (P<0.05): Significant

On the other hand, in this study as shown in Table 
(4), level of serum AMH found to be slightly elevated 
but not significant in patients with CKD in comparison 
to control group. AMH levels in both groups (9.03 ± 
1.58 ), (7.76 ± 1.75) respectively showed non-significant 
difference (p>0.05).

Table 4: Compare between patients and control 
in level of AMH.

Group
Mean ± SE of
AMH ng/ml 

Patients 9.03 ± 1.58

Control 7.76 ± 1.75

T-Test 5.490 NS

P-value 0.645

NS: Non-Significant.

Statistically, the finding in Table (5) indicate a 
correlation coefficient between AMH hormone and 
other parameter in this study. As showed there is a 
highly significant (P<0.01) positive correlation between 
AMH with Testosterone, non-significant (p>0.05) 
positive correlation between AMH and FSH, E2. On the 
other hands there is non-significant (p>0.05) negative 
correlation between AMH with LH and P4.

Table 5: Correlation coefficient between AMH 
and other parameters.

Parameters

Correlation coefficient (r) and Level of 
significant

AMH

LH -0.15 NS

FSH 0.09 NS

E2 0.001 NS

P4
-0.16 NS

Testosterone 0.22**

* (P<0.05), ** (P<0.01), NS: Non-significant.

Discussion
End stage renal disease (ESRD), has a strong 

influence on the hypothalamic‑pituitary‑gonadal axis 
resulting in hormonal disturbances and deterioration 
in gonads function. [2,15]. The results of this study on 
elevated levels of LH and FSH in CKD patients are 
consistent with previous study reported by Anatharamaa 
and Schmidt [16], who found that changes in pulsatile 
release of GnRH and LH reduce feedback inhibition of 
LH production (because of low levels of testosterone) 
contribute to high levels of LH, FSH secretion in CKD 
patients. With CKD there was a significant increase 
in LH and FSH and development of pattern of hyper 
gonadotropic hypogonadism, which indicates that 
uremic metabolite tend to increase CKD effect on testes 
and ovaries more than hypothalamic or pituitary function 
[17].

The results of this study agree with those that have 
been found with previous studies [7,8,15], who showed 
that low concentration of E2 has been seen in uremic 
patients, nevertheless it has insufficient concentration 
in the puberty, while in the second half of menstrual 
cycle serum P4 concentrations are decreased due to the 
defective follicle luteinization. In this study P4 levels are 
slightly decreased with no significance compared to the 
control group, previous reports go in agreement with the 
results of this study which reported that mean P4 levels 
in patients were not significantly different from those of 
control subjects [18,19].
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In this study, the results of testosterone in male 
patients indicated significant decrease (P<0.05) in 
CKD patients, and this result was also approved by 
several previous studies as testosterone which is 
normally reduced in CKD patients and when LH level 
is arise in response to low levels of testosterone, so 
that the hypothalamic pituitary axis in CKD is reset 
in such a way that it is more sensitive to the negative 
feedback inhibition of testosterone [16,17,20,21]. Rathi and 
Ramachandren. [22], showed that low testosterone is 
due to decreased production, increased metabolic and 
dialytic clearance, alteration in testosterone binding 
capacity.

The data of this study suggest that patients with 
CKD stage-5 have elevated but not significant AMH 
compared with control and this results go in agreement 
with those that have been found with Stoumpos el al. 
[14], who showed that CKD patients were found to 
have non-significant increase in AMH concentrations 
compared with control. Also, the results of this study 
was compatible with data reported by Sikora-Grabkaa 
et al. [13], who found that serum AMH concentration 
was higher in haemodialysed women with CKD and had 
menstrual cycle abnormalities in comparison to those 
with regular menstrual cycles, and suggested that serum 
AMH clearance is reduced in CKD patients and AMH 
similar to other protein hormones probably accumulates 
in those patients [14]. On the other hand, AMH is of 
similar size to other molecules perceived to be uremic 
‘toxins’ [1].

This study disagrees with those that have been 
found with Eckersten et al. [1], who they reported that 
male patients with CKD have lower serum AMH levels 
versus controls and this was an unexpected finding, the 
author explained that this finding of low AMH levels 
indicate a dysfunction of both Sertoli cells and Leydig 
cells in men with CKD. The results of this study also in 
disagreement with Eckersten et al. [23], who showed that 
plasma AMH levels were lower in CKD stages 1–4 by 
30% and by 70% in CKD stage 5 compared with controls, 
the author said that this reduction in AMH is unclear, 
but can be linked to altered Sertoli cell function. The 
cause of decreased plasma AMH levels is unknown, but 
it speculate on effects of inflammation, uremic toxicity, 
or other causes. The results of this study support that the 
molecular weight of AMH (140 kDa) indicates that it is 
not eliminated by glomerular filtration or dialysis, if this 
is the case, an increase in plasma AMH levels would be 
expected with advancing CKD stages [1,14,24].

Results of this study showed that LH has negative 
correlation with serum AMH in men and women with 
CKD, this finding disagree with another finding [25], who 
found no relationship between AMH and LH. Another 
study also showed no significant correlation between 
AMH and LH [26]. Results of current study showed 
positive no significant correlation between AMH and 
FSH and this result was in agreement with other study 
which reported that AMH positive correlated with 
FSH [27]. Fiza et al. [28], showed a negative relationship 
between the levels of AMH and FSH and this results 
disagreement with the results of this study.

Thus, the higher levels of AMH are associated with 
lower level of the FSH and support this result by another 
study which reported that the excess of AMH is involved 
in diminishing FSH induced aromatize activity and this 
results disagreement with this study [9,29,30]. High AMH 
levels are probably related to the follicular arrest during 
the selection process of the dominant follicle, through a 
negative interaction between AMH and FSH [31].

In this study E2 showed non-significant positive 
correlation with AMH and this result was in agreement 
with other study which reported that AMH was negative 
correlated to LH and positive correlated with FSH and 
E2 [27].

Conclusions
This study confirms the noxious role of CKD in 

hormonal disruption and infertility among patients with 
CKD.

Acknowledgment: The authors would like to 
thank the Department of Biology, College of Science, 
Mustansiryiah University, Baghdad, Iraq, for supporting 
the project.

Ethical Clearance: The Research Ethical 
Committee at scientific research by ethical approval of 
both environmental and health and higher education and 
scientific research ministries in Iraq

Conflict of Interest: The authors declare that they 
have no conflict of interest.

Funding: Self-funding

References
1.	 Eckersten D, Giwercman A, Bruun L, Christensson 

A. Anti-M€ullerian hormone, a Sertoli cell-derived 



Medico-legal Update, January-March 2020, Vol.20, No. 1        731                    

marker, is decreased in plasma of male patients in 
all stages of chronic kidney disease. Andrology 
2015; 3: 1160-1164.

2.	 Palmer B.F. Sexual dysfunction in men and women 
with chronic kidney disease and end-stage kidney 
disease. Adv Ren Replace Ther 2003; 10: 48-60.

3.	 Chopp RT, Mendez R. Sexual function and 
hormonal abnormalities in uremic men on chronic 
dialysis and after renal transplantation. Fertil Steril 
1978; 29: 661–6.

4.	 Van Eps C, Hawley C, Jeffries J, Johnson DW, 
Campbell S. Changes in serum prolactin, sex 
hormones and thyroid function with alternate 
nightly nocturnal home haemodialysis. Nephrology 
(Carlton) 2012; 17: 42–7.

5.	 De Vries CP, Gooren LJ, Oe PL. Haemodialysis 
and testicular function. Int J Androl 1984; 7: 97–
103.

6.	 Levitan D, Moser SA, Goldstein DA, 
Kletzky OA, Lobo RA. Disturbances in the 
hypothalamic‑pituitary‑gonadal axis in male 
patients with acute renal failure. Am J Nephrol 
1984; 4: 99–106.

7.	 Kuczera P, Adamczak M, Wiecek A. Endocrine 
abnormalities in patients with chronic kidney 
diseases. Sec. of Med. Sci 2015; 2: 1-18.

8.	 Asadi R. Endocrine disorders in chronic kidney 
disease. IJCA 2016; 2(3):1-5.

9.	 Iliodromiti, S. ; Anderson, R.A. ; Nelson, S.M. 
Technical and performance characteristics of anti-
mullerian hormone and antral follicle count as 
biomarkers of ovarian response. Hum. Reprod, 
2015; 21: 698-710.

10.	 Dewailly D. Andersen C.Y. Balen A. Broekmans 
F. Dilaver N. Fanchin R. Griesinger G. Kelsey 
T.W. La Marca A. Lambalk C. Mason H. Nelson 
S.M. Visser J.A. Wallace W.H. Anderson R.A. The 
physiology and clinical utility of anti-mullerian 
hormone in women. Hum. Reprod. Update 2014; 
20: 370-385.

11.	 Lindhardt Johansen M. Hagen C.P. Johannsen T.H. 
Main K.M. and Picard J.Y. AntiMullerian hormone 
and its clinical use in pediatrics with special 
emphasis on disorders of sex development. Int J 
Endocrinol 2013: 198698.

12.	 Goulis D.G. Iliadou P.K. Tsametis C. Gerou S. 
Tarlatzis B.C. Bontis I.N. and Papadimas I. Serum 
anti-M€ullerian hormone levels differentiate 

control from subfertile men but not men with 
different causes of subfertility. Gynecol Endocrinol 
2008; 24:158-160.

13.	 Sikora-Grabkaa E. Adamczaka M. Kuczeraa P. 
Szotowskaa M. Madejb P. Wieceka A. Serum 
Anti-Müllerian Hormone Concentration in 
Young Women with Chronic Kidney Disease 
on Hemodialysis, and After Successful Kidney 
Transplantation. Kidney Blood Press Res 2016; 
41:552-560.

14.	 Stoumpos S. Lees J. Welsh P. Hund M. Geddes 
C. Nelson S. Mark P. The utility of anti-Müllerian 
hormone in women with chronic kidney disease, 
on haemodialysis and after kidney transplantation. 
Reprod. Biomed. Online 2018; 10:1016.

15.	 Anantharaman P, Schmidt R.J. Sexual function in 
chronic kidney disease. Adv Chronic Kidney Dis 
2007; 14(2): 119-125.

16.	 Hylander B, Lehtihet M. Testosterone and 
gonadotropins but not SHBG vary with CKD stages 
in young and middle aged men Basic and Clinical. 
Andrology 2015; 25:9.

17.	 El-Assaly N.M. El-Ashry N.I. Waked E. El-
Damarawy M. Gonadal Dysfunction in Chronic 
Renal Failure. JPET 2008; 2(3): 481-487.

18.	 Ahmed S.B. Ramesh S. Sex hormones in women 
with kidney disease. Nephrol Dial Transplant 2016; 
31:1787-1795.

19.	 Daniell H.W. Erythropoietin resistance during 
androgen deficiency. Arch Intern Med, 2006; 
166(17):1923-1925

20.	 Papadopoulou E. Varouktsi A. Lazaridis A. 
Boutari C. Doumas M. Erectile dysfunction in 
chronic kidney disease: From pathophysiology to 
management. World J Nephrol 2015; 4(3):379-387.

21.	 Rathi M. Ramachandranr R. Sexual and 
gonadal dysfunction in chronic kidney disease: 
Pathophysiology. Indian J Endocrinol Metab 2012; 
16 (2):9-214.

22.	 Keerthana B.L. Kumar T.A. Study of Thyroid and 
Lipid Profile in Chronic Kidney Disease. Int. J. 
Med. Health Res 2016; 2(3):6-9.

23.	 Eckersten D. Giwercman A. Christensson A. Male 
patients with terminal renal failure exhibit low 
serum levels of antimüllerian hormone. Andrology 
2015b; 17(1): 149-153

24.	 Duranton F. Cohen G. De Smet R. Rodriguez M. 



732         Medico-legal Update, January-March 2020, Vol.20, No. 1  

Jankowski J. Vanholder R. Argiles A. European 
Uremic Toxin Work Group. Normal and pathologic 
concentrations of uremic toxins. J. Am. Soc. 
Nephrol 2012; 23: 1258-1270

25.	 Pigny P. Merrlen E. Robert Y. Cortet rudelli C. 
and Decanter C. Elevated serum level of anti 
mullerian hormone in patients with polycystic 
ovary syndrome relationship to the ovarian follicle 
excess and to the follicular arrest. J clin endocrinol 
Metab, 2003; 88: 5957-5962.

26.	 Hwang Y.I. Sung N.Y. Koo H.S. Cha S.H. Park 
C.W. Kim J.Y. Yang K.M. Somg I.O. Koong M.K. 
Kang I.S. and Kim H.O. Can high serum anti – 
mullerian hormone levels predict the plenogypes of 
polycystic ovary syndrome (PCOS) and metabolic 
disturbances in PCOS patients. Clin exp reprod 
med 2013; 40(3): 130-140.

27.	 Adel F. Akmal N. Nermeen A. and Nagwa E. Anti-
Mullerian hormone in poly cysitic ovary syndrome 
and normo – ovulatory women – correlation with 

clinical, hormonal and ultrasongraphic parameters. 
Middle East Fertil Soc J 2010; 15: 253-258.

28.	 Fiza B. Rati M. and Pushpendra S. PCOS: 
correlation amongst Serum Levels of Testosterone, 
AntiMullerian Hormone and Other Sex Hormones. 
Int J Biol Med Res 2013; 4(3): 3290-3293.

29.	 Josso N. Rey R. Picard J.Y. Testicular anti-
mullerian hormone: clinical applications in dsd. 
Semin. Reprod. Med 2012; 30: 364-373.

30.	 La Marca A. Sunkara S.K. Individualization of 
controlled ovarian stimulation in ivf using ovarian 
reserve markers: from theory to practice. Hum. 
Reprod 2014; 20: 124-140.

31.	 Grossman M.P. Nakajima S.T. Fallat M.E. Siow Y. 
Mullerian-inhibiting substance inhibits cytochrome 
P450 aromatase activity in human granulosa lutein 
cell culture. Fertil Steril 2008; 89(5): 1364-1370.


