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Abstract
Background: The androgen receptor (AR) gene contains a polymorphic trinucleotide 
repeat that encodes a polyglutamine tract in its N-terminal transactivation domain (N-
TAD). We aimed to find a correlation between the length of this polymorphic tract and 
azoospermia or oligozoospermia in infertile men living in Khuzestan, Iran.     

Materials and Methods: In this case-control study during two years till 2010, we 
searched for microdeletions in the Y chromosome in 84 infertile male patients with 
normal karyotype who lived in Khuzestan Province, Southwest of Iran. All cases 
(n=12) of azoospermia or oligozoospermia resulting from Y chromosome microdele-
tions were excluded from our study. The number of CAG repeats in exon 1 of the AR 
gene was determined in 72 patients with azoospermia or oligozoospermia and in 72 
fertile controls, using the polymerase chain reaction (PCR) and polyacrylamide gel 
electrophoresis. 

Results: Microdeletions were detected in 14.3% (n=12) patients suffering severe 
oligozoospermia. The mean CAG repeat length was 18.99 ± 0.35 (range, 11-26) and 
19.96 ± 0.54 (range, 12-25) in infertile males and controls, respectively. Also in the 
infertile group, the most common allele was 19 (26.38%), while in controls, it was 
25 (22.22%).

Conclusion: Y chromosome microdeletions could be one of the main reasons of 
male infertility living in Khuzestan Province, while there was no correlation between 
CAG length in AR gene with azoospermia or oligozoospermia in infertile men living 
in Khuzestan, Iran.    
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Introduction 
It seems that male factor is the reason of infertil-

ity in approximately half of infertile cases (1). The 
most common defects in infertile men are severe 
oligozoospermia or azoospermia, and these patients 
frequently undergo assisted reproductive technol-
ogy (ART), such as intra-cytoplasmic sperm injec-
tion (ICSI), which may results in the transmission 

of these defects to next male generation. Different 
factors including environmental and genetic fac-
tors may cause alternation in sperm production, 
while several genetic studies have been recently 
conducted in this regard. The role of androgen as 
the main male hormone in determination of male 
sexual differentiation and male secondary sexual 
characteristics is well known. Also the initiation 
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and maintenance of spermatogenesis is due to well 
action of this hormone. It is clear that androgen act 
on target cells with the help of androgen receptor 
(AR). Locus of the AR gene is on X chromosome 
at position Xq11-12. The AR gene with 8 exons 
can produce AR with three following domains: i. 
Exon 1 encoding transactivation domain, ii. Exon 
2 and 3 encoding DNA-binding domain, and  iii. 
Exon 4-8 encoding  C-terminal ligand-binding do-
main. Exon one has two polymorphic sequences 
known as CAG and GGN that contain three nucle-
otide repeats. The CAG repeats encode polyglu-
tamine residues with different length in transacti-
vation domains of the receptors. The CAG repeats 
are unstable and the number of their repeats may 
change during meiotic division. Many mutations 
in AR gene cause various degree of androgen re-
sistance (2-4).

A negative correlation between CAG repeats 
number and AR transcriptional activity has dem-
onstrated in vitro system. Some clinical studies 
have shown association of longer CAG repeat with 
oligozoospermia and azoospermia (2-7). In con-
trast, others have not reported this correlation (8-
12). According to these notions, we studied CAG 
repeats length in AR gene in oligozoospermic and 
azoospermic men living in Khuzestan Province, 
Southwest of Iran.

Materials and Methods
Individuals

In this case-control study during two years till 
2010 in Khuzestan Province, Iran, in conform-
ity with the ethical committee, 84 azoospermic 
or oligozoospermic men  were selected accord-
ing to World Health Organization (WHO) criteria 
(13) with sperm concentration less than 15 mil-
lion/ml as in patient samples. Also, 72 men with 
normal semen analysis who had at least one child 
were studied as control samples. Patient samples 
were collected from Shafa Genetic Lab and the 
IVF Center of Imam Khomeini Hospital, Ahvaz, 
Khuzestan Province, Iran, while control samples 
were obtained from Khuzestan Blood Transfusion 
Organization, Ahvaz, Khuzestan Province, Iran. 
Microscopic semen analysis method was used 
for patient assessment. We selected only patients 
with idiopathic azoospermia and severe oligo-
zoospermia; therefore, twelve individuals were 
excluded due to different cases of azoospermia or 

oligozoospermia resulting from endocrine causes 
or Y chromosome microdeletions.

An informed consent form and agreement for hu-
man specimen analysis were taken from all partici-
pants. Peripheral blood samples were stored at -70˚C 
with ethylenediaminetetraacetic acid (EDTA, Merck, 
USA) as anticoagulant in order to extract DNA. 

Molecular analysis
Genomic DNA was extracted using Diatom 

DNA Prep extraction kit (Gene Fanavaran Co., 
Iran), according to the manufacturer’s instruc-
tions. Then 100 µg purified DNA were diluted 
and stored at 4˚C before analysis. Next using the 
polymerase chain reaction (PCR, BioRad, USA) 
for detection of following six sequence-tagged 
sites (STS): the sY84 and sY86 within the azoo-
spermia factor a (AZFa) region, the sY127 and 
sY134 in the AZFb area, and the sY254 and 
sY255 located within the AZFc site on the long 
arm of the chromosome Y (Table 1). The applied 
amplification system, recommended by the Eu-
ropean Academy of Andrology (EAA), allowed 
us to detect 90% of the microdeletions in the 
AZF region (14, 15). The multiplex PCR prod-
uct was run by electrophoresis on a 3% agarose 
(Gene Fanavaran Co., Iran) gel impregnated 
with ethidium bromide at 5 µg/mL concentra-
tion and visualized under UV light.

CAG repeats in exon 1 of the AR gene were 
amplified with these following primers: forward 
primer including 5′-GCT GTG AAG GTT GCT 
GTT CCT CAT-3′ and reverse primer including 
5′-TCC AGA ATC TGT TCC AGA GCG TGC-
3′. Only patients without Yq microdeletions were 
then analyzed (n=72). We used 25 µl PCR solu-
tion (Gene Fanavaran Co., Iran) containing 5 µl 
PCR buffer, 3 µl of DNA, 0.25 µl of each dNTP, 
0.75 µl MgCl2, 0.5 U Taq DNA polymerase, and 1 
µl of each forward and reverse primer. PCR was 
done under these conditions: an initial denatura-
tion step at 94˚C for 3 minutes, 40 cycles of denatura-
tion at 94˚C for 15 seconds, annealing at 49˚C for 1 
minute and extension at 72˚C for 1 minute. Final step 
of extension was 10 minutes at 72˚C. To confirm 
amplification, PCR products were electrophoresed 
through a 1.5% agarose gel. Then PCR products, 
were separated on a 8%-polyacrylamide gel with 
1X tris-borate-EDTA (TBE, Merck, USA) at 150 
V for 8 hours, impregnated with ethidium bromide 
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at 5 µg/ml and visualized under UV light. After 
comparing all polyacrylamide gels, alleles with 
the same band and the same size (CAG repeats) 
were categorized into one group. One allele from 
each group was selected and sequenced, so the size 
of the PCR band was determined.

Statistical analysis

Results are reported as mean ± SD in case and 
control groups. Statistical analysis was carried out 
using t test. The data were considered significant 
when P<0.05.

Results
In this case-control study, 72 fertile and 84 infer-

tile males were analyzed. Forty-eight patients showed 
severe oligospermia (sperm concentration ≤15 mil-
lion/ml), and 36 were non-obstructive azoospermic 
males. Summary of clinical data of fertile and infertile 
groups are shown in table 2. The azoospermic patients 
aged between 23 and 47 years, with mean age of 31 
years. The oligozoospermia patients’ age ranged from 
22 to 38 years, with mean age of 32 years. The control 
group aged between 21 and 67 years, with mean age 
of 38.79 ± 10.24 years.

Table 1: Sequence of primers used to amplify specific regions to assess Y chromosome microdeletions

bpSequence 5΄ to 3΄RegionSTS

472F 5΄-GAA TAT TCC CGC TCT CCG GA-3΄Yp11.3SRY

R 5΄ -GCT GGT GCT CCA TTC TTG AG-3΄   
3255΄ -AGA AGG GTC TGA AAG CAG GT-3΄AZFaY84

5΄-GCC TAC TAC CTG GAG GCT TC-3
3205΄- GTG ACA CAC AGA CTA TGC TTC-3΄    AZFaY86

5΄- ACA CAC AGA GGG ACA ACC CT-3΄
274F 5΄-GGC TCA CCA ACG AAA AGA AA -3AZFbY127

R 5΄-CTG CAG GCA GTA ATA AGG GA -3΄  
301F 5΄-GTC TGC CTC ACC  ATA AAA CG-3΄AZFbY134

R 5΄-ACC ACT GCC AAA ACT TTC AA-3΄
370F 5΄-GGG TGT TAC  CAG AAG GCA AA-3΄AZFcY254

R 5΄-GAA CCG  TAT CTA CCA AAG CAG C-3΄
126F 5΄-GTT ACA GGA TTC GGC GTG AT-3΄AZFcY255

R 5΄-CTC GTC ATG TGC AGC CAC-3΄

                          AZF; Azoospermia factor and STS; Sequence-tagged sites.

Table 2: Summary of clinical data of fertile and infertile groups

Motility
(%)

Morphology
(%)

Bitesticular 
volume (ml)

Sperm concentration
(million/ml)

Age (Y)Classification (n)       

60.94 ± 9.8940.08 ± 7.5334-70 (49 ± 9.29)20-100 (53.19 ± 17.83)21-67 (38.79 ± 10.24)Control (72)

21.56 ± 14.4713.03 ± 9.072-66 (28.97 ± 14.30)0-4 (0.53 ± 0.62)24-65 (38.62 ± 7.51)Total infertile (72)

006-51(24.13 ± 12.73)023-47 (31.25 ± 8.05)Azoospermia (36)

11.75 ± 4.2511.25 ± 4.782-60 (25.67 ± 13.61)0.01-4 (1.09 ± 1.17)22-38 (32.98 ± 5.21)Sever oligospermia (48)
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Our results revealed that deletions were found 
in 12 out of 84 (14.3%) infertile men. Therefore, 
1.2% of the infertile men had microdeletions in 
the AZFa region, 11.9% in the AZFb regions, and 
1.2% in the AZFc regions (Table 3). It means that 
among 48 severe oligozoospermic patients, one 
had deletions only in the AZFa region, 10 had mi-
crodeletions in the AZFb region, and one had in 
the AZFc region. All patients and controls were 
shown amplification of the sex-determining region 
(SRY) gene. In control males, no microdeletions 
were identified (Figs.1, 2). 

Then patients with microdeletions were ex-
cluded from the CAG repeat analysis (Table 
3). After gels analysis (Fig.3), we were able to 
identify 6 and 12 different alleles in the infer-
tile and control groups, respectively. Due to the 
facts that males have one X chromosome and 
individuals belonging to a population have the 
same allele, we were able to specify the fre-
quency of distribution of the alleles. The distri-
bution of the allele frequencies in both groups 
is depicted in table 4 and figure 4.

Table 3: Frequency of AZF Y chromosome microdeletions in infertile men

Total number ( % )Oligospermia number ( % )Azoospermia number ( % )Patients

84 (100%)48 (57.14%)36 (42.86%)Deletions

1 (1.2%)1 (2.1%)0AZFa

10 (11.9%)10 (20.8%)0AZFb

1 (1.2%)1 (2.1%)0AZFc

12 (14.3%)12 (25%)0Total number ( % )

AZF; Azoospermia factor.

Fig.1: Amplified sequence-tagged sites (STS) in an infertile man with no deletion. line 1; 50 bp marker (two sharp bands are 250 bp and 
500 bp markers), line 2;  The heavy band is SRY (472bp) and the other is Y84 STS (325bp), line 3; The heavy band is SRY (472bp) and the 
other is Y86 STS (320bp), line 4; The heavy band is SRY (472bp) and the other is Y134 STS (301bp) and line 5; The heavy band is SRY (472bp) 
and the others are Y254 (370bp), Y127 (274bp) and Y255 (126bp) STSs.
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Fig.2: Analysis of polymerase chain reaction (PCR) products us-
ing Y chromosome with STS markers on 3% agarose gel indicates 
10 infertile men (1-10) with microdeletion in Y127(274 bp). line*; 
50 bp marker (two sharp bands are 250 bp and 500 bp markers) 
and line 1-10;  The heavy band is SRY (472bp) and the others are 
Y84 STS (325bp) and Y255 STS (126bp).

Fig.3: Analysis of polymerase chain reaction (PCR) products using 
androgen receptor (AR) gene on 8% polyacrylamide gel indicates 
difference between alleles size. First line from right is 10 bp DNA 
marker that its bands (from down to up) are 10, 20, 30, 40 and 50 
bp, while other lines are different CAG alleles.

 Fig.4: Distribution of CAG repeats sizes in the androgen recep-
tor (AR) gene of infertile men (blue line) and fertile controls (red 
line).

Table 4: Distribution of CAG repeat sizes in the androgen 
receptor (AR) gene of infertile (case) and fertile (control) men

FrequencyNumberAllele
(the number of CAG )

Group

11.1%811

Case

16.7%1213

7%517

26.4%1919

23.6%1723

15.3%1126

1.4%112

Control

1.4%113

7%514

13.9%1015

9.7%717

18.1%1319

11.1%820

7%521

1.4%122

1.4%123

5.5%424

22.2%1625

According to the frequencies, the most and the 
least common alleles were seen in both groups. 
In the infertile group, the allele with 19 repeats 
of CAG was the most common allele (26.38%), 
while in fertile group, it was the allele with 25 re-
peats (22.22%). The least allele in case group has 
17 repeats, while in the control group, the least al-
leles were seen with 12, 13, 22 and 23 repeats. The 
mean CAG repeat length is 18.99 ± 0.35 (range, 
11-26) and 19.96 ± 0.54 (range, 12-25) in infer-
tile males and controls, respectively. There is no 
association between CAG repeat length and azoo-
spermia or oligozoospermia in infertile men living 
in Khuzestan in this study (Table 5).
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Table 5: Correlation between severity of impairment of spermatogenesis and CAG length

P valueCAG, mean ± SDnSperm countP valueCAG, mean ± SDGroup

NS19.80 ± 0.7536AzoospermiaNS18.99 ± 0.35Infertile

NS18.16 ± 0.6336Sever oligospermia

NS19.96 ± 0.5472NormalNS19.96 ± 0.54Fertile

NS; Non significant.

Discussion

As mentioned, male factor is the reason of in-
fertility in approximately 50% of infertile cases, 
while the causes of more than half of these cases 
are poorly understood. It is clear that androgen as 
the main male hormone has critical roles in male 
sexual differentiation and regulation of spermato-
genesis. It is also noted that androgen can act on 
target cells through its receptors.

 Our study investigated the association between 
the number of CAG repeats of exon 1 in androgen 
receptor gene and sperm counts in 72 azoospermic 
or oligozoospermic men and 72 control men from 
Khuzestan, Iran. The infertile men with idiopathic 
azoospermia and severe oligozoospermia as the 
case group were selected after screening for other 
reason of infertility such as Yq microdeletion. 
Among 84 infertile men, 12 individuals (14.3%) 
with severe oligozoospermia were found to have 
microdeletions. The frequency of microdeletions 
was 25% in the severe oligozoospermic group 
and zero in the azoospermic group. Our find-
ings showed that 1.2% of the infertile men had 
microdeletions in the AZFa region, 11.9% in the 
AZFb regions, and 1.2% in the AZFc regions. In 
other words, among 48 severe oligozoospermic 
patients, one had deletions only in the AZFa re-
gion, 10 had microdeletions in the AZFb region, 
and one had microdeletions in the AZFc regions. 
Therefore, 83.3% of deletions were located at the 
AZFb region.

Although several studies have investigated the 
proposed association between CAG repeat length 
in AR gene and infertility, these reports have yield-
ed conflicting results. Different studies from the 
United States, Singapore (2), France (3), Japan (6) 
and Spain (7) have reported an association between 
higher CAG repeats and low sperm count, while 
other studies from Germany (8, 10), India (9), Ni-

geria (16), Mexico (17), Chile (18) and Egypt (19) 
have not demonstrated a significant correlation 
between them. One meta-analysis (20) using 33 
published studies understood correlation between 
CAG repeat number in AR gene and infertility in 
men. The observed variations in the results from 
previous studies may originate from several fac-
tors: i. Ethnically diverse populations which can 
change some environmental and genetic factors in 
them, ii. The studied infertile men may represent a 
heterogeneous group with respect to the causes of 
infertility and may be under the effect of different 
genetic mutations or even epigenetic phenomena, 
and iii. Different inclusion criteria in each study. 
The infertile populations in different studies may 
be included various categories of infertility such 
as patients with varicocele or infection in genital 
tract and also different semen parameters, for ex-
ample azoospermia or oligozoospermia (10, 21, 
22). Most importantly, the control groups in many 
of these previous studies were not well-matched 
in terms of ethnicity and age. The control groups 
in these studies often included not only individu-
als with proven fertility, but also individuals with 
normal sperm count but not proven fertility and/or 
individuals from unselected populations (23-25).

At first our results showed differences between 
the cases and controls in the length of CAG re-
peats. In the case group, it was only found 6 alleles 
ranging from 11 to 26 repeats of CAG. Diversity 
between the numbers of CAG repeats in controls 
is more than the cases, indicating that there are 
12 different alleles in fertile individuals ranging 
between 12 and 25 repeats, while four of the al-
leles are common in both groups that are alleles 
with 13, 17, 19 and 23 repeats. Despite that, both 
groups have differences in the frequencies of the 
alleles. In group of infertile men, alleles with 13 
and 23 repeats have high frequencies, but the num-
bers of these alleles in control group are very low.



Int J Fertil Steril, Vol 9, No 2, Jul-Sep 2015               195

AR CAG Repeats and Male Infertility    

Also in fertile men, we did not find alleles with 
repeat number of 11 and 26, but these alleles 
showed high frequencies in infertile men. It can be 
mention that in case group, the allele with 19 CAG 
repeats is the most common, but in control group, 
the most common allele has 26 repeats.

Despite the facts we found no differences in 
the mean number of CAG repeats between infer-
tile men (18.99 ± 0.35, range, 11-26) and controls 
(19.96 ± 0.54, range, 12-25). The infertile group 
was further subdivided according to sperm counts, 
and no differences were found in any subgroup 
when compared to controls. These results are in 
agreement with studies in which no association 
was found. Thus, it might be assumed, at least in 
our studied population, the AR could act without 
being associated with any pathologic phenotype.

Our study presented the range of alleles in an 
ethnically and geographically restricted popula-
tion of Iranian men with normal fertility. There 
was no significant correlation between CAG re-
peat length and risk of male infertility in our eth-
nically restricted experimental population com-
pared with the matched control population. In 
other word, polymorphism detected in the CAG-
rich region of the AR gene may not be a useful 
genetic indication of male factor infertility.

Conclusion
With this high percentage of deletion in Yq 

chromosome in oligospermic men in this study, 
we can say that Y microdeletions is likely to be 
one of the main reasons of male infertility in this 
region, and the most frequent type of microdele-
tion is located at the AZFb region. Also, in this 
study, we did not find a correlation between CAG 
repeats in AR gene and sperm count, showing 
that there was no significant correlation between 
CAG repeat length and the risk of male infertil-
ity in this part of Iran. Therefore, polymorphism 
detected in the polyglutamine-rich region of the 
AR could not be a useful genetic indication of 
male infertility.  

 
Acknowledgements

We wish to acknowledge the help of the IVF 
Center of Imam Khomeini Hospital for patients’ 
samples and Khuzestan Blood Transfusion Or-
ganization for controls’ samples. This study was 

supported in part by grant No. 18672 of Shahid 
Chamran University of Ahvaz. There is no conflict 
of interest in this article.    

References
1.	 Wong WY, Thomas CM, Merkus JM, Zielhuis GA, 

Steegers-Theunissen RP. Male factor subfertility: possible 
causes and the impact of nutritional factors. Fertil Steril. 
2000; 73(3): 435-442.

2.	 Mifsud A, Sim CK, Boettger-Tong H, Moreira S, Lamb DJ, 
Lipshultz LI, et al. Trinucleotide (CAG) repeat polymorphisms 
in the androgen receptor gene: molecular markers of risk for 
male infertility. Fertil Steril. 2001; 75(2): 275-281.

3.	 Wallerand H, Remy-Martin A, Chabannes E, Bermont L, 
Adessi GL, Bittard H. Relationship between expansion of 
the CAG repeat in exon 1 of the androgen receptor gene 
and idiopathic male infertility. Fertil Steril. 2001; 76(4): 
769-774.

4.	 Milatiner D, Halle D, Huerta M, Margalioth EJ, Cohen Y, 
Ben-Chetrit A, et al. Associations between androgen re-
ceptor CAG repeat length and sperm morphology. Hum 
Reprod. 2004; 19(6): 1426-1430.

5.	 Chamberlain NL, Driver ED, Miesfeld RL. The length and 
location of CAG trinucleotide repeats in the androgen re-
ceptor N-terminal domain affect transactivation function. 
Nucleic Acids Res. 1994; 22(15): 3181-3186.

6.	 Komori S, Kasumi H, Kanazawa R, Sakata K, Nakata Y, 
Kato H, et al. CAG repeat length in the androgen recep-
tor gene of infertile Japanese males with oligozoospermia. 
Mol Hum Reprod. 1999; 5(1): 14-16.

7.	 Mengual L, Oriola J, Ascaso C, Ballesca JL, Oliva R. An 
increased CAG repeat length in the androgen receptor 
gene in azoospermic ICSI candidates. J Androl. 2003; 
24(2): 279-284.

8.	 Dadze S, Wieland C, Jakubiczka S, Funke K, Schroder E, 
Royer-Pokora B, et al. The size of the CAG repeat in exon 
1 of the androgen receptor gene shows no significant re-
lationship to impaired spermatogenesis in an infertile Cau-
casoid sample of German origin. Mol Hum Reprod. 2000; 
6(3): 207-214.

9.	 Thangaraj K, Joshi MB, Reddy AG, Gupta NJ, Chakravar-
ty B, Singh L. CAG repeat expansion in the androgen re-
ceptor gene is not associated with male infertility in Indian 
populations. J Androl. 2002; 23(6): 815-818.  

10.	 Asatiani K, von Eckardstein S, Simoni M, Gromoll J, Ni-
eschlag E. CAG repeat length in the androgen receptor 
gene affects the risk of male infertility. Int J Androl. 2003; 
26 (5): 255-261.

11.	 Ruhayel Y, Lundin K, Giwercman Y, Hallde´n C, Wille´n 
M, Giwercman A. Androgen receptor gene GGN and CAG 
polymorphisms among severely oligozoospermic and 
azoospermic Swedish men. Hum Reprod. 2004; 19(9): 
2076-2083.

12.	 Singh R, Deepa SR, Madhavi S, Gupta NJ, Chakravarty 
B, Singh L, et al. Male infertility: no evidence of involve-
ment of androgen receptor gene among Indian men. J 
Androl. 2006; 27(1): 102-105.

13.	 World Health Organization. WHO laboratory manual for 
the examination of human semen and sperm-cervical mu-
cus interaction. 4th ed. Cambridge: Cambridge University 
Press; 2000.

14.	 Simoni M, Bakker E, Eurlings MC, Matthijs G, Moro E, 
Muller CR, et al. Laboratory guidelines for molecular di-
agnosis of Y-chromosomal microdeletions. Int J Androl. 
1999; 22(5): 292-299.

15.	 Simoni M, Bakker E, Krausz C. EAA/EMQN best practice 



Int J Fertil Steril, Vol 9, No 2, Jul-Sep 2015               196

Khatami et al.

guidelines for molecular diagnosis of y-chromosomal mi-
crodeletions. Int J Androl. 2004; 27(4): 240-249.

16.	 Akinloye O, Gromoll J, Nieschlag E, Simoni M. Androgen 
receptor gene CAG and GGN polymorphisms in infertile 
Nigerian men. J Endocrinol Invest. 2009; 32(10): 797-804.

17.	 Martinez-Garza SG, Gallegos-Rivas MC, Vargas-Maciel 
M, Rubio-Rubio JM, de Los Monteros-Rodriguez ME, 
González-Ortega C, et al. Genetic screening in infertile 
Mexican men: chromosomal abnormalities, Y chromo-
some deletions, and androgen receptor CAG repeat 
length. J Androl. 2008; 29(6): 654-660.

18.	 Castro-Nallar E, Bacallao K, Parada-Bustamante A, Lar-
done MC, López PV, Madariaga M, et al. Androgen recep-
tor gene CAG and GGN repeat polymorphisms in Chilean 
men with primary severe spermatogenic failure. J Androl. 
2010; 31(6): 552-559.

19.	 Mostafa T, El-Shahid LH, El Azeem AA, Shaker O, Gomaa 
H, Abd El Hamid HM. Androgen receptor-CAG repeats in 
infertile Egyptian men. Andrologia. 2012; 44(3): 147-151.

20.	 Davis-Dao CA, Tuazon ED, Sokol RZ, Cortessis VK. Male 
infertility and variation in CAG repeat length in the andro-
gen receptor gene: a meta-analysis. J Clin Endocrinology 

Metab. 2007; 92(11): 4319-4326.
21.	 Kukuvitis A, Gerorgiou I, Bouba I, Tsirka A, Giannouli CH, 

Yapijakis C, et al. Association of oestrogen receptor alpha 
polymorphisms and androgen receptor CAG trinucleotide 
repeats with male infertility: a study in 109 Greek infertile 
men. Int J Androl. 2002; 25(3): 149-152.

22.	 Hadjkacem L, Hadj-Kacem H, Boulila A, Bahloul A, Ayadi 
H, Ammar-Keskes L. Androgen receptor gene CAG re-
peats length in fertile and infertile Tunisian men. Ann Gen-
et. 2004; 47(3): 217-224.

23.	 Legius E, Vanderschueren D, Spiessens C, D’Hooghe 
T, Matthijs G. Association between CAG repeat number 
in the androgen receptor and male infertility in a Belgian 
study. Clin Genet. 1999; 56(2): 166-167.

24.	 Erasmuson T, Sin IL, Sin FY. Absence of association of 
androgen receptor trinucleotide expansion and poor se-
men quality. Int J Androl. 2003; 26(1): 46-51.

25.	 Lund A, Tapanainen JS, Lahdetie J, Savontaus ML, Ait-
tomaki K. Long CAG repeats in the AR gene are not as-
sociated with infertility in Finnish males. Acta Obstet Gy-
necol Scand. 2003; 82(2): 162-166.


