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Original Article

Abstract
Background and aims: Infertility is one of the main health issues in families worldwide. In addition, there is a complex correlation between 
genetics and infertility and chromosomal abnormalities are found in 8% of infertile males. The aim of this study was to determine the 
frequency of cytogenetic abnormalities among idiopathic oligospermia and azoospermia infertile men who were treated in Chaharmahal 
and Bakhtiari province.
Methods: In this cross-sectional study, the records of a total of 100 participants were evaluated retrospectively. The patients who were under 
careful physical and para-clinical (i.e., hormonal, ultrasound, and spermiogeram) examinations were enrolled in the study. Chromosomal 
analysis was carried out on the cultures of peripheral blood lymphocytes by Giemsa (G) banding. Eventually, 10 well-spread metaphases 
were analyzed by G-banding. 
Result: The chromosome abnormality frequency, the numerical type, and the structural type were 13%, 3%, and 10%, respectively. Among 
patients with azoospermia, two cases had Klinefelter syndrome with karyotype.
Conclusion: This study demonstrated that structural abnormalities are more prevalent than numerical abnormalities in infertile men who 
were treated in Chaharmahal and Bakhtiari province. This indicates the importance of cytogenetic examination and the relevance of its 
achievements to the patient’s management in infertility clinics. Therefore, the cytogenetic test is proposed for infertile men, in particular in 
those who endure azoospermia.
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Introduction 
Infertility is considered as one of the main health issues 
in families worldwide, which is the inability to conceive 
after one year of unprotected intercourse (1). Overall, 
male infertility is attributed to several factors. Genetic 
factors involved in male fertility include chromosome 
structural problems and genetic syndromes that lead to 
genetic disorders in infertile men. Around 30%-40% 
of men referring to infertility centers have a genetic 
abnormality (2,3). In addition, 5%-10% of infertile men 
suffer from oligospermia and 15%-20% of those with 
azoospermia have a genetic abnormality. Chromosome 
abnormalities are much more common in men with 
azoospermia and oligospermia compared to the general 
population. It was reported that abnormalities in sex 

chromosomes were higher in azoospermia group than in 
the oligospermia group (4). An inverse correlation was 
demonstrated between chromosome abnormalities and 
the amount of sperm in the semen. However, no data are 
available regarding the exact mechanism through which 
chromosome abnormalities lead to infertility. It has been 
stipulated that dispersed chromatin interactions alongside 
meiosis reduce sperm production (5). Further, the type 
of chromosome abnormalities depends on suffering 
from oligospermia or azoospermia (5). In the general 
population, aneuploidy (10.8%) represents the most 
frequent cause of male infertility and Klinefelter syndrome 
is the most prevalent abnormality. The incidence of this 
syndrome is around 5% in infertile men with severe 
oligospermia and 10% in those with azoospermia (3,5). 
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The Y chromosome microdeletions are the second genetic 
cause of male infertility after Klinefelter syndrome (6). The 
frequency of Y chromosome microdeletions was 6.17% in 
Chaharmahal and Bakhtiari Province (7). Generally, men 
with karyotype 47, XYY are fertile although this karyotype 
is much frequently observed in infertile men. The sexual 
reverse syndrome is another genetic cause of male infertility 
in men with azoospermia indicating the karyotype 46,XX. 
The frequency of chromosome polymorphisms in infertile 
men is 7.9% (8) and Y chromosome polymorphisms have 
been found in people with azoospermia and oligospermia. 
Furthermore, the variants on the Y chromosome are 
developed due to the variants in the close region of the 
long arm that includes the heterochromatin region. The 
percentage of these variables is 3.4% and 27.3% for yqh+ 
and yqh-, respectively. Moreover, the long Y chromosome 
is associated with a high risk of miscarriage (9). Long 
heterochromatin 9qh+ is also a well-known polymorphism 
with an incidence rate of 6%-8% (9, 10). Considering the 
significance of detecting the type of cytogenetic problem 
(oligospermia and azoospermia) and the high frequency of 
cytogenetic disorders among infertile men, the primary aim 
of this study was to investigate the causes of azoospermia 
and oligospermia cytogenetically using the karyotype 
technique in infertile men. Then, it was attempted to 
evaluate the frequency of Y chromosome polymorphisms 
in infertile men who were treated in Chaharmahal and 
Bakhtiari province.

 Materials and Methods
In this cross-sectional study, the blood samples of 100 
infertile men with oligospermia and azoospermia were 
taken after they referred to the health care centers of Hajar 
hospital and diagnosed by a physician according to the test 
result. Sixty patients were assigned to azoospermia group 
and the remaining cases were included in the oligospermia 
group. 

Couples’ failure to conceive after at least 1 year having sex 
without using contraceptive methods was considered the 
criterion for infertility. The patients who were under careful 
physical and para-clinical (i.e., hormonal, ultrasound, and 
spermiogeram) examinations were enrolled in the study. 
The patients with non-genetic causes of infertility, including 
those acquiring mumps in childhood, as well as patients 
with varicocele (including those who had undergone 
surgery or had not yet been treated) were excluded from 
the study. Then, they were grouped according to the 
sperm count. Oligospermia refers to a condition where the 
concentration of the sperm (sperm count) in the semen is 
low and less than 20 million per milliliter of semen and 
azoospermia refers to a considerable lack of sperm in the 
fluid semen (11). The peripheral blood was taken from 
each patient and introduced into a 5 mL tube containing 
heparin sodium. Next, blood cell culture and cell harvest 

were conducted in the first and second phases of the study, 
respectively, followed by isolating blood lymphocytes from 
the remaining cell materials. In the third phase, a slide was 
taken from the sediments and several  slides were prepared 
for each patient. Then, the slides were incubated for four 
weeks. In the fourth phase (G banding), the samples were 
stained with Giemsa and the slides were mounted as well. 
In the fifth phase, the slides were examined and then 
chromosome analysis was conducted on the culture of 
peripheral blood lymphocytes. Additionally, chromosome 
abnormalities were recorded based on the International 
System for Human Cytogenomic Nomenclature guideline 
(2013). Finally, 10 metaphases were analyzed by cytovision 
software and 20 metaphases were counted as well. 

Data Analysis
The percentage of patients with chromosome abnormalities 
in azoospermia and oligospermia groups was taken in the 
present study.

Results
In this study, 100 patients were evaluated, including those 
suffering from azoospermia (n = 60) and oligospermia 
(n = 40). The mean age of the patients was 32.7 ± 0.79 
(within the range of 21-47 years). In addition, the prevalence 
of chromosome abnormalities was 13% encompassing 
3% and 10% for numerical and structural abnormalities, 
respectively (Table 1). Among patients with azoospermia, 
two cases had Klinefelter syndrome with karyotype 47,XXY 
(Figure 1), one had sexual inversion with karyotype 46,XX, 
one had karyotype 47,XYY (Figure 2), four patients had 
increased long arm of yqh+ chromosome, and one had 
increased q arm with karyotype ins1(q11.2)(qh+). Among 
patients with oligospermia, three cases had an increased 
long arm of chromosome 13 with karyotype 46,XY,13ph+ 
and one had karyotype 46,XY,14ph+.
  
Discussion
The prevalence of chromosome abnormalities among 
men with azoospermia and oligospermia was reported 
as 14.2% and 6.5% within the ranges of 10%-15% and 
5%-7%, respectively. In the current study, chromosome 

Table 1. Chromosome Abnormalities Observed Among the Studied People

Karyotype
Azoospermia

No. (%)
Oligospermia  

No. (%)
Total

No. (%)

47,XXY 2 (0.03) 2 (0.02)

46,XX 1 (0.01) 1 (0.01)

47,XYY 1 (0.01) 1 (0.01)

Yqh+ 4 (0.06) 4 (0.04)

Ins1(q11.2) (qh+) 1 (0.01) 1 (0.01)

46,XY, 13ph+ 3 (0.07) 3 (0.03)

46,XY, 14ph+ 1 (0.02) 1 (0.01)
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abnormalities in the azoospermia and oligospermia groups 
of investigated cases were 15% and 10%, respectively. 

In the general population, aneuploidy (10.8%) represents 
the most frequent cause of male infertility and Klinefelter 
syndrome is the most frequent abnormality (5). In the 
present study, the total prevalence of Klinefelter syndrome 
was 2% and its prevalence was 3% in the azoospermia 
group. Ferlin et al reported that the incidence of Klinefelter 
syndrome in infertile men was very high and it was about 
5% and 10% in infertile men with severe oligospermia and 
azoospermia, respectively (12). This disease occurs in one 
per 1000 live births in the general population of men (13).

Y chromosome polymorphisms were observed in people 
with azoospermia and severe oligospermia as well. In the 
present study, 6% of men with azoospermia and 4% of 
all men had yqh+ chromosome. Further, long and short Y 
chromosomes are found in infertile people. Y chromosome 
variants are frequently observed as yqh+ and yqh- with 
3.4% and 27.3% frequency, respectively. Genest and 

Genest reported that the short Y chromosome was not 
associated with the high risk of miscarriage. The presence 
of Y chromosome variants in infertile men is a controversial 
issue that needs further investigation (14).

Generally, men with karyotype 47, XYY are fertile, but 
this karyotype is frequently found in infertile men. El-
Dahtory et al studied four men with azoospermia who 
referred to the genetic clinic. The chromosome analysis 
of peripheral blood lymphocytes demonstrated karyotype 
47,XYY and the presence of an additional Y chromosome 
was confirmed by the fluorescence in situ hybridization 
technique (15). In the present study, 1.6% of men with 
azoospermia and 1% of all men had karyotype 47,XYY. 
The sexual reverse is another genetic cause of infertility in 
men with azoospermia that occurs in 1.6 of these cases.

Abusheikha et al reported a 28-year-old man with normal 
phenotype with karyotype 46,XX. In addition, the PCR 
technique confirmed the presence of the sex-determining 
region Y (SRY) gene on one of the X chromosomes. This 
case was the sixth reported one to date. In the present 
study, 1.6% of men with azoospermia and 1% of all men 
had karyotype 47,XX. Men with the karyotype 46,XX are 
included in men with azoospermia. The most frequent 
cause of this abnormality occurs due to crossing over 
between Xp and Up along father meiosis (10). Therefore, 
the SRY gene localizes on the X chromosome and is present 
in the karyotype (SRY+XX males), but such patients have 
azoospermia. 

Balanced autosomal translocations and male infertility 
were found to be associated in men with severe oligospermia 
and azoospermia. The mechanism through which such 
chromosome abnormalities cause infertility has not yet 
been exactly known. Moreover, the karyotype studies of 
the spermatozoa of 37 heterozygous double translocations 
demonstrated that 19%-77% of spermatozoa were 
unbalanced. When seeking to determine the genetic basis 
of male infertility, it should be noted that about 59% 
of the observed translocations in infertile men involve 
acrocentric chromosomes, which highlights the role of 
these chromosomes in the reduction of male fertility (5). 
The prevalence of Robertsonian translocation in infertile 
men is only 0.8%, which is nine times higher than its 
prevalence in the general population (8). In the current 
study, 10% of men with oligospermia and 4% of all men 
had acrocentric chromosome heteromorphism. Guichaoua 
et al emphasized the association between the involvement 
of acrocentric chromosomes in translocation carriers 
among infertile men and the severity of the spermatogenic 
defect (16). It was suggested that balanced translocations 
interfere with the pairing of normal chromosomes and 
their separation during meiosis 1 and provide conditions to 
create unbalanced gametes, thus giving birth to unbalanced 
and abnormal neonates. Another hypothesis is that the 
expression regulations of potential autosomal genes 

Figure 2. Karyotype XYY A Man With Karyotype 47, XYY.

Figure 1. Klinefelter Karyotype A Man With Karyotype 47,XXY.
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involved in gametogenesis are likely to be eliminated by 
chromosome breakpoints. The evaluation of the association 
between chromosome breaks and male infertility revealed 
the relationship between non-accidental chromosome 
breaks and infertility.

Additionally, XX male syndrome is one of the causes of 
male infertility. Men with karyotype 46,XX are infertile 
cases with normal female chromosomes (17). This occurs 
in one per 9 000-20 000 cases. Similarly, the majority of 
such patients acquired this disease as sporadic and had no 
family history of this disease. This disease is due to the 
exchange of a piece of Y chromosome short arm that codes 
the testis-determining factor gene on the X chromosome. 
So far, two types of this syndrome have been identified, 
including positive and negative Y DNA. Positive Y DNA 
occurs due to the translocation of XY with a low risk of 
repeated incidence. Men with negative Y DNA develop this 
syndrome due to a mutation with a high risk of incidence. 
In addition, all men with such chromosome patterns have 
azoospermia, which is due to the lack of the long arm of the 
Y chromosome that includes the azoospermia factor gene 
(10,18,19). 

Common cytogenetic polymorphisms identified 
by G-banding, considered to be heteromorphism, 
represent another cause of male infertility and include 
heterochromatin regions of 16, 9, 1, and Y chromosomes 
(10,13). However, this diagnosis for such patients is highly 
improbable due to the presence of the normal male outer 
reproductive tract. 

Conclusion
In the current study, the chromosome abnormality 
frequency, the numerical type, and the structural type 
were 13%, 3%, and 10%, respectively. These findings 
can be attributed to male infertility, but not all cases are 
necessarily the main cause of infertility. More clearly, each 
of these symptoms may be observed in normal people. 
An important implication of this study is that cytogenetic 
analysis should be conducted on these patients before 
studying Y chromosome partial deletions because most 
infertile people who have no Y chromosome partial 
deletions are likely to have a cytogenetic problem.
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