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Abstract
The long arm of the Y chromosome (Yq) contains many amplified and palindromic sequences that are prone to self-reorgan-
ization during spermatogenesis, and tiny submicroscopic segmental deletions in the proximal Yq are called Y chromosome 
microdeletions (YCM). A retrospective study was conducted on male infertility patients of Zhuang ethnicity who presented 
at Reproductive Medical Center of Nanning between January 2015 and May 2023. Seminal fluid was collected for standard 
examination. YCM were detected by using a combination of multiplex PCR and agarose gel electrophoresis. Preparation of 
peripheral blood chromosomes and karyotyping of chromosomes was performed. 147 cases (9.22%) of YCM were detected 
in 1596 male infertility patients of Zhuang ethnicity. Significant difference was found in the detection rate of YCM between 
the azoospermia group and the oligospermia group (P < 0.001). Of all types of YCM, the highest detection rate was AZFc 
(n = 83), followed by AZFb + c (n = 28). 264 cases (16.54%) of sex chromosomal aberrations were detected. The most 
prevalent karyotype was 47, XXY (n = 202). The detection rate of sex chromosomal aberrations in azoospermia group was 
higher than that in severe oligospermia group and oligospermia group, and the differences were significant (P < 0.001). 28 
cases (1.57%) of autosomal aberrations and 105 cases (6.58%) of chromosomal polymorphism were identified. The current 
research has some limitations due to the lack of normal men as the control group but suggests that YCM and chromosomal 
aberrations represent key genetic factors influencing spermatogenesis in infertile males of Zhuang ethnicity in Guangxi.
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Background

The infertility poses a substantial public health challenge, 
exerting significant social, psychological, and economic 
impacts. According to the latest report of the World Health 
Organization, the prevalence of infertility among couples of 
childbearing age in the world ranges from 12.6% to 17.5%, 
affecting approximately one-sixth of the global population 
[1]. Among them, male infertility accounts for 50%[2]. 
Among male infertility factors, spermatogenesis disorder 
is the most common, with clinical manifestations of azoo-
spermia and oligoasthenospermia. Approximately 30% of 
patients with spermatogenic disorders are associated with 
genetic factors, including sex chromosomal numerical 
abnormities (such as 47, XXY Klinefelter syndrome (KS)), 
certain autosomal gene mutations, and Y chromosomal 
structural or gene aberrations [3]. Consequently, conducting 
genetic tests related to male reproduction holds substantial 
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importance for guiding clinical treatment, enhancing the 
effectiveness and safety of assisted reproductive technol-
ogy (ART), and facilitating preimplantation genetic testing 
(PGT). The Zhuang ethnicity constitutes the largest minority 
ethnic group in Guangxi, China. There are few reports on 
the genetic analysis of male infertility of the Zhuang eth-
nicity. This study aimed to explore the association between 
genetic aberrations and the phenotype of male infertility in 
the Zhuang ethnic group by retrospectively analyzing the 
results of Y chromosome microdeletions (YCM) and periph-
eral blood chromosome karyotypes in 1596 male infertility 
patients with abnormal sperm count from the Zhuang ethnic 
group in Guangxi.

Methods

Patients

1104 male patients with azoospermia, 292 male patients 
with severe oligospermia, and 200 male patients with oli-
gospermia who received treatment at the Reproductive 
Medical Center of the Second Nanning People’s Hospital in 
Guangxi, China between January 2015 to May 2023 were 
selected. These male infertility patients were the Zhuang 
ethnic people that is the most populous ethnic minority in 
Guangxi. The patients’ ages ranged from 22 to 55 years, with 
an average age of 35 years. The medical ethical committee of 
the Second Nanning People’s Hospital’s Ethics Committee 
has given its approval for this study (No. Y2013163). The 
study was conducted in compliance with the ethical guide-
lines of the Declaration of Helsinki.

Semen Analysis

Patients were instructed to abstain from ejaculation for 2 to 
7 days. Following patients’ semen samples were procured 
via masturbation. Semen examination followed the standard-
ized protocols by the "World Health Organization Labora-
tory Manual for the Examination and Processing of Human 
Semen (5th Edition)". Azoospermia was defined as the 
patient whose semen was centrifuged at 3000 g for 15 min 
and no sperm was found after sedimentation by three cen-
trifugation sedimentation analysis. Severe oligospermia was 
identified as a sperm concentration of less than 5 ×  106·mL−1. 
Oligospermia was classified as 5 ×  106·mL−1 ≤ sperm 
concentration < 15 ×  106·mL−1.

Identification of Y Chromosome Microdeletions

Genomic DNA was extracted from venous blood treated 
with EDTA-K2 anticoagulant by employing the Labaid 824 
Nucleic Acid Extractor through the magnetic bead method. 

The Y chromosome microdeletions gene detection kit (Shen-
zhen Yaneng Biotech Co., Ltd.) was utilized for multiplex 
PCR amplification. This kit specifically amplifies fifteen 
sequence tag sites (STS) in the AZF region, of which six 
are defined as partitioned STS, including the AZFa region: 
sY84, sY86; AZFb area: sY127, sY134; AZFc region: 
sY254, sY255, eight STS that confirm whether the entire 
segment is completely missing, including AZFa region: 
sY82, sY1064, sY1065, sY88; AZFb region: sY105, sY121, 
sY192, sY153, along with a heterochromatin tag sY160. 
The sex-determining region (SRY) on the Y chromosome’s 
short arm was utilized as a sex abnormality control, and the 
human zinc finger protein gene ZFX/Y was employed as 
an internal experimental control. All steps were performed 
according to the reagent manual. The amplified target DNA 
fragments were analysed by using agarose gel electrophore-
sis, and the results were observed, photographed, and inter-
preted by using the Gel Imaging System (Bio-rad, USA).

Analysis of Peripheral Blood Chromosomal 
Karyotype

Heparin-anticoagulated peripheral blood was subjected to 
lymphocyte culture and chromosome preparation. Chro-
mosomal karyotype was examined via the chromosome 
G-banding technology. At least 20 cells were counted, 5 
complete metaphase mitoses were analysed, and any number 
and structural aberrations observed were recorded. Karyo-
type analysis and chromosome abnormalities were named 
according to the International System for Human Cytog-
enomic Nomenclature (ISCN 2013).

Statistical Analysis

Data were analysed by using SPSS 24.0 statistical software. 
Group comparisons were performed by using the chi-square 
test, and a P < 0.05 was considered statistically significant.

Results

Overall Situation of Y Chromosome Microdeletions

Among the 1596 patients with abnormal sperm count from 
the Guangxi of Zhuang ethnic group, 147 cases (9.22%) 
exhibited YCM. The rates of YCM in the azoospermia 
group, severe oligospermia group, and oligospermia group 
were 8.97% (99/1104), 14.04% (41/292), and 3.50% (7/200), 
respectively. The highest prevalence of YCM was noted in 
the severe oligospermia group, significantly differing from 
the azoospermia group and oligospermia group (P = 0.010, 
P < 0.001). The difference between the azoospermia group 
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and oligospermia group was also statistically significant 
(P = 0.009). The results are illustrated in Fig. 1.

Missing Situation in each Zone of AZF

In the cohort of 147 patients presenting YCM, the dis-
tributions among the azoospermia group, severe oli-
gospermia group, and oligospermia group were 67.35% 

(99/147), 27.89% (41/147), and 4.76% (7/147) respec-
tively. The proportion of the azoospermia group was the 
highest, which was significantly higher than that of the 
severe oligospermia group and oligospermia group, and 
the differences were statistically significant (P < 0.001). 
The discrepancy was also statistically notable between 
the severe oligospermia group and the oligospermia group 
(P < 0.001), as show in Fig. 2. Among all types of micro-
deletions, the highest detection rate was AZFc (83 cases), 
accounting for 56.46% (83/147), followed by AZFb + c 
(28 cases), accounting for 19.05% (28/147), which had 
the highest detection rate in combined deletions. AZFa, 
AZFb, AZFa + b, and AZFa + b + c accounted for 11 cases, 
14 cases, 1 case, and 10 cases, respectively. The results are 
illustrated in Table 1.

Chromosomal Karyotype Abnormalities

Among 1596 patients with abnormal sperm count of Zhuang 
ethnicity in Guangxi, 264 cases (16.54%) were found to 
have abnormal sex chromosomal karyotypes, including 256 
cases (23.19%) in the azoospermia group, 7 cases (2.40%) 
in the severe oligospermia group and 1 case (0.50%) in 

Fig. 1  Percentage of Y Chromo-
some microdeletions (YCM) 
in azoospermia group, severe 
oligospermia group and oli-
gospermia group. *Comparison 
with severe oligospermia group, 
P < 0.05; #Comparison with 
oligospermia group, P < 0.05

0 5 10 15

Azoospermia

Severe oligospermia

Oligospermia

Percentage of Y Chromosome microdeletions (%)

#

#

67.35% Azoospermia

27.89% Severe oligospermia

4.76% Oligospermia

Total=147

Fig. 2  The proportion of patients with YCM in the azoospermia, 
severe oligozoospermia, and oligozoospermia

Table 1  Percentage of 
azoospermia factor (AZF) 
type in azoospermia group, 
severe oligospermia group and 
oligospermia group

* Comparison with severe oligospermia group, P < 0.05; #Comparison with oligospermia group, P < 0.05

AZF type Azoospermia
(n = 99)

Severe oligospermia 
(n = 42)

Oligospermia
(n = 7)

Percentage (%)

AZFa 9 0 2 7.48(11/147)
AZFb 11 1 2 9.53(14/147)
AZFc 41 39 3 56.46(83/147)
AZFa + b 1 0 0 0.68(1/147)
AZFb + c 27 1 0 19.05(28/147)
AZFa + b + c 10 0 0 6.80(10/147)
Percentage(%) 67.35(99/147)*# 27.89(41/147)# 4.76(7/147) 100(147/147)
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the oligospermia group. The highest rate of sex chromo-
somal karyotype abnormalities was observed in the azoo-
spermia group, and the difference was statistically signifi-
cant when contrasted with the severe oligospermia group 
and oligospermia group (P < 0.001). However, there was no 
statistically significant difference between the severe oli-
gospermia group and the oligospermia group (P = 0.204). 
The most common sex chromosomal abnormality identified 
was the 47, XXY (KS) with a total of 202 cases (12.66%), 
of which 200 cases were from the azoospermia group and 2 
cases from the severe oligospermia group. Other frequently 
identified sex chromosomal abnormalities included the 46, 
X, del(Y)(q?), 47, XYY, and 46, XX, with 5, 3, and 3 cases, 
respectively. The results are shown in Table 2. Autosomal 
abnormalities were detected in a total of 28 cases (1.57%), 
including 10 cases of the azoospermia group (0.91%), 16 
cases of the severe oligospermia group  (5.47%), and 2 
cases of the oligospermia group (1.00%). The highest rate 
of autosomal abnormalities was observed in the severe oli-
gospermia group, which was statistically significantly higher 
than the rates in both the azoospermia group (P < 0.001) and 
oligospermia groups (P = 0.009). However, the difference 
between the azoospermia group and oligospermia group 
was not statistically significant (P = 1.000). The autosomal 
abnormal karyotype with the highest detection rate was Rob-
ertson translocation 45, XY, der (13; 14) (q10; q10), 3 cases 
(0.19%) were detected. The results are shown in Table 3.

Distribution of Chromosomal Polymorphism

In the 1596 instances of abnormal sperm count among the 
Zhuang ethnic population of Guangxi, chromosomal poly-
morphism were identified in 105 instances (6.58%), includ-
ing 74 cases in the azoospermia group (6.70%), 22 cases 
in the severe oligospermia group (7.50%), and 9 cases in 
the oligospermia group (4.50%). The differences were not 
statistically significant among the three groups (P = 0.393). 
The most frequently detected chromosomal karyotype was 
46,X,Yqh-, identified in 23 cases (1.41%), inclusive of 19 
cases in the azoospermia group, 3 cases in the severe oli-
gospermia group, and 1 case in the oligospermia group. The 
findings are depicted in Table 4.

Analysis of Chromosomal Aberrations 
in Conjunction with Y Chromosome Microdeletions

In the 1596 instances of abnormal sperm count of Zhuang 
ethnicity in Guangxi, 37 cases (2.32%) of chromosomal 
karyotype abnormalities or chromosome polymorphisms 
in combination with Y chromosome microdeletions were 
detected. The most frequently detected combination was sex 
chromosomal abnormalities with YCM (24 cases), followed 
by chromosomal polymorphism with YCM (11 cases), and 

the least were autosomal abnormalities with YCM (2 cases). 
Among 37 cases of chromosomal karyotype abnormali-
ties or chromosome polymorphisms with YCM, 35 cases 
were azoospermia patients, and only 2 cases were severe 
oligospermia patients. Additionally, the highest detected 
type of YCM was AZFb + c (24 cases), followed by AZFc 
(6 cases), AZFa + b + c (5 cases), and AZFa (2 cases). The 
results are shown in Table 5.

Discussion

The Y chromosome contains genes that are essential for tes-
ticular maturation and the initiation and sustenance of sper-
matogenesis in adulthood. Yq encompasses numerous pal-
indromic and amplified sequences, which makes it easy to 
self-recombination during spermatogenesis. This can engen-
der intra-chromosomal deletions, leading to discrepancies in 
the copy number of genes on the Y chromosome, thereby con-
tributing to male infertility[4]. YCM is one of the prominent 
causes of spermatogenic failure, therefore YCM screening has 
become a routine diagnostic work for infertile men [5, 6].

In this study, the detection rate of YCM in 1596 male 
infertility patients of Zhuang ethnicity was 9.22%, which 
was lower than the incidence rate of YCM in male infer-
tility patients reported by Liu et al. in China (16.9%) and 
the rate of YCM in male infertility patients reported by 
India (16.1%) [7, 8]. Nonetheless, this is congruent with 
the 9.2% deletion rate of Y chromosome reported by Wang 
et  al. among infertile males in northeastern China[9]. 
Prior research has demonstrated significant racial and 
geographic variation in the detection rate of YCM among 
infertile men. The rates of YCM range from 12.0% in the 
US and 24.2% in Iran to a mere 2.0% in nations such as 
Germany and Austria[10]. The variation of YCM fre-
quency may be caused by various factors such as fluctua-
tions of sample size, bias in subject selection, differences 
in sequence sites and primers of STS, racial or ethnic 
differences, and environmental factors. In our study, the 
incidence of YCM in the azoospermia group and severe 
oligospermia group was 8.97% and 14.04% respectively, 
significantly higher than that in the oligospermia group 
(3.5%), indicating a statistically significant difference. 
Out of all YCM, 67.35% of the patients with azoospermia 
and 27.89% of the patients with severe oligospermia were 
significantly higher than those with oligospermia. The 
differences among three groups were statistically sig-
nificant. These data suggest that YCM is salient genetic 
factor influencing spermatogenesis. The study found that 
among patients suffering from azoospermatism and oli-
gospermatism, YCM accounted for 3% ~ 29%, rendering 
it the second most prevalent genetic factor after KS[11]. 
A meta-analysis of over 10,000 cases revealed that YCM 
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Table 2  Percentage of abnormal karyotype in sex chromosomes

Aberrant Karyotype Azoospermia
(n = 1104)

Severe oli-
gospermia
( n = 292)

Oligospermia
(n = 200)

Overall
Percentage (%)

Percentage of 
abnormal karyotype 
(%)

47,XXY 200 2 12.66 76.52
47,XYY 1 1 1 0.19 1.14
47,XXY,1qh + 2 0.13 0.75
47,XXY,inv(9)(p11q13),22pstk + 1 0.06 0.38
47,XXYqh- 1 0.06 0.38
47,XXY,21ps + 1 0.06 0.38
47,XXY[55]/46,XX[5] 1 0.06 0.38
47,XXY[60]/46,XX[9] 1 0.06 0.38
47,XY,i(X)(q10) 1 0.06 0.38
47,XX,inv(Y)(p11q12) 1 0.06 0.38
47,XXY[26]/46,XX[75] 1 0.06 0.38
47,XXY,inv(9)(p12q13) 1 0.06 0.38
48,XXY, + mar 1 0.06 0.38
48,XXYY/47,XXY 1 0.06 0.38
46,X,?del(Y)(q11)[73]/45,X[5] 1 0.06 0.38
46,X,del(Y)(q?) 5 0.31 1.88
46,XY,del(Y)(q?) 2 0.13 0.75
46,XY,del(Y)(q12) 2 0.13 0.75
46,X,t(Y;11)(q11;p15) 1 0.06 0.38
46,XX 3 0.25 1.51
46,XX[50] 1 0.06 0.38
46,XX,21pstk + [50] 1 0.06 0.38
46,XY,t(12;Y)(q13;q12) 1 0.06 0.38
46,XYY,t(9;19)(p12;q12) 1 0.06 0.38
46,X,add(Y)(q?) 1 0.06 0.38
46,X,del(Y)(q?)[80]/45,X[20] 1 0.06 0.38
46,X,del(Y)(q11) 2 0.13 0.75
46,XX[28]/47,XXY[24] 1 0.06 0.38
46,XY(Y = 22)/45,XO 1 0.06 0.38
46,XY[20] 2 0.13 0.75
46,XY,(Y = 22) 1 0.06 0.38
46, XY, Y slightly larger 1 0.06 0.38
46, XY, Y slightly smaller 1 0.06 0.38
46,XY, small Y 1 0.06 0.38
46,Y,t(X;22)(q26;q11.2) 1 0.06 0.38
46,XY,t(1;Y)(q36;q11) 1 0.06 0.38
46,X,-Y, + mar 1 0.06 0.38
46,X, + mar 1 0.06 0.38
45,X[70]/46,XY[30] 1 0.06 0.38
45,X[19]/46,XY[41] 1 0.06 0.38
45,X[35]/46,XYqh-[20] 1 0.06 0.38
45,X[32]/46,X,r(Y)?[26] 1 0.06 0.38
45,X[36]/46,XYqh-[14] 1 0.06 0.38
45,X[44]/46,X,Yqh-[56] 1 0.06 0.38
45,X[48]/46, XY[3] 1 0.06 0.38
45,X,1qh + [77]/46,XY,1qh + [23] 1 0.06 0.38
45,X[58]/46,XY[42] 1 0.06 0.38
45,X[9]/46,XY[42] 1 0.06 0.38
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was present in 5% of severe oligospermia patients (sperm 
count ≤ 1 ×  106 /ml) from North America, whereas the 
incidence in males with normal semen parameters was 
less than 1%. Consequently, male infertility guidelines 
in North America and Europe recommend YCM testing 
was only detected for men with sperm concentrations 
of ≤ 1 ×  106/ml [12]. Our research is consistent with these 

studies, confirming a close correlation between YCM and 
spermatogenic abnormalities.

In couples with recurrent pregnancy loss (RPL), male 
partners with abnormal semen parameters were significantly 
more probable to have a Y deletion (37.5%, 3/8) than men 
with normal semen parameters (19.6%, 10/51) and fertile 
controls (FC) without abnormal semen parameters (0/20); 

* Comparison with severe oligospermia group, P < 0.05; #Comparison with oligospermia group, P < 0.05

Table 2  (continued)

Aberrant Karyotype Azoospermia
(n = 1104)

Severe oli-
gospermia
( n = 292)

Oligospermia
(n = 200)

Overall
Percentage (%)

Percentage of 
abnormal karyotype 
(%)

45,X[74]/46,XY[26] 1 0.06 0.38
45,XY,15pstk + 1 0.06 0.38
Percentage (%) 23.19*#

(256/1104)
2.40
(7/292)

0.50
(1/200)

16.54
(264/1596)

100.00
(264/264)

Table 3  Percentage of abnormal autosomal karyotypes

* Comparison with severe oligospermia group, P < 0.05; #Comparison with oligospermia group, P < 0.05

Abnormal autosomal karyotype Azoospermia
(n = 1104)

Severe 
oligospermia
(n = 292)

Oligospermia
(n = 200)

Overall per-
centage (%)

Percentage of abnor-
mal Karyotype (%)

45,XY,der(13;14)(q10;q10) 1 1 1 0.19 10.70
45,XY,der(21;22) 1 0.06 3.57
45,XY,der(14;21)(q10;q10) 2 0.13 7.14
46,XY,t(3;16;6;5)(q10;q23;q11;q11) 1 0.06 3.57
46,XY,add(15)(p13) 1 0.06 3.57
46,XY,add(22)(p11.2) 1 0.06 3.57
46,XY,inv(1)(q32q21) 1 0.06 3.57
46,XY,inv(1)(q32q244) 1 0.06 3.57
46,XY,t(1;15)(q21;p12) 1 0.06 3.57
46,XY,t(1;19)(q21;p13.3) 1 0.06 3.57
46,XY,t(1;2)(q23;p23) 1 0.06 3.57
46,XY,t(1;5)(q23;q33) 1 0.06 3.57
46,XY,t(11;17)(p15;q21) 1 0.06 3.57
46,XY,t(13;14)(q12;q24) 1 0.06 3.57
46,XY,t(14;15)(p11;q11),21S + 1 0.06 3.57
46,XY,t(4;17)(q35;q23) 1 0.06 3.57
46,XY,t(4;6)(q31;q15) 1 0.06 3.57
46,XY,t(8;21)(q12;p11) 1 0.06 3.57
46,XY,t(1;7)(p34.3;q22) 1 0.06 3.57
46,XY,t(1;14)(q32.2;q24) 1 0.06 3.57
46,XY,t(1;16)(q25;q25.1) 1 0.06 3.57
46,XY,t(2;13)(q21;q12) 1 0.06 3.57
46,XY,t(3;16;6;5)(q10;q23;q11;q11) 1 0.06 3.57
46,XY,inv(9)(p11q12),t(2;13)(q10;q22) 1 0.06 3.57
47,XY, + 21 1 0.06 3.57
Percentage (%) 0.91*

(10/1104)
5.47#

(16/292)
1.00
(2/200)

1.75
(28/1596)

100.00
(28/28)
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YCMs were presented in 13 male partners (32.5%) of 40 cou-
ples with RPL, while the incidence of YCM in fertile controls 
with no abnormal semen parameters was 0 ( 0/20) [13]. Simi-
larly, another study [14] showed a higher prevalence of YCM 
in couples with the presence of RPL (16%, 7/43) compared 
to fertile controls (0/43). A systematic analysis of YCM and 
assisted reproductive technology (ART) pregnancy outcomes 
showed [15] a significant decrease in fertilization rate in the 
YCM group compared to the normal group. Some males with 
defective YCM and severe oligozoospermia or azoospermia 
are able to reproduce by ART. However, fathers may trans-
mission microdeletions to sons produced by intracytoplasmic 
sperm injection (ICSI) and confers adverse effects on male 
fertility [16]. Although YCM are present in 25-55% of men 
with extreme testicular pathology (e.g., hypospermatogen-
esis, sperm maturation arrest) and in 5–25% of men with 
severe oligozoospermia or azoospermia [17], the Y deletion 
should be viewed as a cause of oligozoospermia/azoospermia 
rather than as a direct cause of "infertility". Nevertheless, in 

clinical practice, the screening of YCM is still very useful in 
helping clinicians to identify the etiology of male infertility 
and determine reasonable management strategies for patients.

The gene housed on the long arm of the Y chromosome, 
which governs spermatogenesis, is collectively known as 
the azoospermatism factor (AZF). In 1996, Vogot et al. 
classified AZF into three distinct regions: AZFa, AZFb, 
and AZFc, each of which corresponds to different stages 
of spermatogenesis [11]. In our study, the detection rate of 
AZFc in YCM was the highest, which was consistent with 
the literature reports [18–20], suggesting that deletions 
within the AZFc region hold significant relevance to semen 
quality. Some studies suggest that there is a certain rela-
tionship between AZF deletion type and abnormal sperm 
count in patients with different pathological types [21]. 
The deletion of the AZFa region typically leads to Sertoli 
cell-only syndrome (SCOS), and since genes within the 
AZFa sites are expressed prenatally in germ cells, absence 
of these genes may instigate developmental apoptosis of 

Table 4  Percentage of chromosomal polymorphism karyotypes

Polymorphism karyotype Azoospermia
(n = 1104)

Severe 
Oligospermia
(n = 292)

Oligospermia
(n = 200)

Overall percentage (%) Percentage of 
abnormal karyo-
type
(%)

46,X,Yqh- 19 3 1 1.44 21.90
46,X,Y?qh- 1 0.06 0.95
46,XY,1qh + 11 3 1 0.94 14.29
46,XY,22 ps + 5 1 1 0.44 6.67
46,XY,22pstk + 5 2 0.44 6.67
46,X,Yqh + 6 1 0.44 6.67
46,XY,15 ps + 1 3 0.25 3.81
46,XY,15pstk + 1 0.06 0.95
46,XY,9qh + 1 3 0.25 3.81
46,XY,13pstk + 3 1 0.25 3.81
46,XY,15cenh + 1 1 0.13 1.90
46,XY,17 ps 1 1 0.13 1.90
46,X,Yqh-,22 ps + 1 0.06 0.95
46,X,Yqh-,1qh + 1 0.06 0.95
46,XY,13cenh + 1 0.06 0.95
46,XY,13cenh +  × 2,Yqh- 1 0.06 0.95
46,XY,13 ps + 1 0.06 0.95
46,XY,14 ps + 1 1 0.13 1.90
46,XY,14pstk + 1 0.06 0.95
46,XY,21pstk + 3 2 0.31 4.76
46,XY,21pstkstk 1 0.06 0.95
46,XY14pstk + ,21pstk + 1 0.06 0.95
46,XY,inv(9)(p11q12) 2 0.13 1.90
46,XY,inv(9)(p11q13) 7 1 1 0.56 8.57
46,XY,inv(9)(p12q13) 2 0.13 1.90
Percentage (%) 6.70

(74/1104)
7.50
(22/292)

4.50
(9/200)

6.58
(105/1596)

100.00
(105/105)
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germ cells, resulting in SCOS [22, 23]. Consequently, the 
diagnosis of complete absence of the AZF a region means 
that it is almost impossible to obtain testicular sperm for 
ICSI. The absence of AZFb region is characterized by sper-
matogenesis arrest, and spermatogenesis is blocked at the 
stage of spermatocyte, so spermatogoniums and primary 
spermatocytes are still visible in the testis, but there is 
no spermatogenesis. Therefore, for azoospermia patients 
with complete deletion of AZFb (including AZFb + c dele-
tion), artificial insemination by a donor (AID) is recom-
mended [24, 25]. Patients presenting with AZFc deletion 
may exhibit normal sperm count, oligospermatism, or 
azoospermatism. Moreover, this condition is inheritable 
in male offspring. Patients with AZFc deficiency can have 
sperm extracted from testicular tissue and have children 

via ICSI, avoiding unnecessary surgical treatment [26, 
27]. Our study not only detected the deletion of AZFc, 
but also found types of deletions such as AZFa, AZFb, 
AZFb + c, AZFa + b, and AZFa + b + c, indicating that 
deletions in various regions of AZF may occur in male 
infertility patients. Clinically, the detection outcomes of 
different AZF regions can offer reference data for genetic 
counseling, clinical diagnosis, therapeutic strategy, and 
the selection of assisted reproductive technology, thereby 
mitigating unnecessary medicinal and surgical treatment.

The chromosomal count, structural anomalies, and 
polymorphism are paramount genetic factors contribut-
ing to male infertility [28]. In this study, the incidence of 
sex chromosomal abnormalities was 16.54% in 1596 men 
with abnormal sperm count of Zhuang ethnicity, which was 

Table 5  The number and clinical manifestations of patients with chromosomal abnormalities in conjunction with Y chromosome microdeletions

Types of chromosomal abnormalities Chromosomal
karyotype

Frequency AZF
type

Clinical manifestations

Sex chromosomal abnormalities (n = 24) 45,X[58]/46,XY[42] 1 AZFc azoospermia
45,X[44]/46,X,Yqh-[56] 1 AZFb + c azoospermia
45,X[36]/46,XYqh-[14] 1 AZFb + c azoospermia
45,X[48]/46, XY[3] 1 AZFb + c azoospermia
45,X[74]/46,XY[26] 1 AZFb + c azoospermia
45,X[35]/46,XYqh-[20] 1 AZFb + c azoospermia
46,XY,del(Y)(q?) 1 AZFc azoospermia
46,XY,del(Y)(q?) 3 AZFb + c azoospermia
46,XY,del(Y)(q?) 1 AZFa + b + c azoospermia
46,XY,del(Y)(q12) 1 AZFc azoospermia
46,XY,del(Y)(q12) 1 AZFb + c azoospermia
46,X,-Y, + mar 1 AZFb + c azoospermia
46,XX 1 AZFa + b + c azoospermia
46,XX,21pstk + [50] 1 AZFa + b + c azoospermia
46,XY,(Y = 22) 1 AZFb + c azoospermia
46,X,del(Y)(q?)[80]/45,X[20] 1 AZFb + c azoospermia
46,X,del(Y)(q11) 1 AZFa + b + c azoospermia
46,XX[50] 1 AZFa + b + c azoospermia
46,XY(Y = 22)/45,XO 1 AZFb + c azoospermia
46,XY, small Y 1 AZFb + c azoospermia
46,X,?del(Y)(q11)[73]/45,X[5] 1 AZFb + c azoospermia
48,XXYY/47,XXY 1 AZFa azoospermia

Autosomal abnormalities
(n = 2)

46,XY,add(22)(p11.2) 1 AZFa azoospermia

46,XY,t(1;2)(q23;p23) 1 AZFb + c azoospermia
Chromosomal polymorphism
(n = 11)

46,XY,1qh + 1 AZFb Severe oligospermia

46,X,Yqh- 1 AZFc Severe oligospermia
46,X,Yqh- 1 AZFc azoospermia
46,X,Yqh- 6 AZFb + c azoospermia
46,XY,15 ps + 1 AZFc azoospermia
46,X,Yqh-,1qh + 1 AZFb + c azoospermia

Total 37
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considerably higher than the incidence of autosomal abnor-
malities (1.75%) and chromosomal polymorphism (6.58%). 
Moreover, it surpasses the reports in national and interna-
tional literature [29, 30]. The incidence of sex chromosomal 
abnormalities in the azoospermia group was 23.19%, which 
was significantly higher than that in the severe oligospermia 
group (2.40%) and the oligospermia group (0.50%), and 
the differences were statistically significant. However, no 
significant difference was noted in the rates of autosomal 
abnormalities and chromosomal polymorphism between the 
azoospermia group and the oligospermia group. These data 
suggest that, sex chromosomal abnormalities are the prin-
cipal genetic factors causing male spermatogenic disorders 
among chromosomal abnormalities.

Klinefelter Syndrome (KS), also known as congenital tes-
ticular underdevelopment or primary microorchidism, is a 
condition where male possess additional X chromosome. It 
is the most common sex chromosomal abnormalities. Data 
show that the incidence rate of non chimeric KS in newborn 
boys is 1/660 [31], the prevalence rate in infertile men is 
about 3% ~ 4%, and that in azoospermia patients is as high 
as 10% ~ 12% [31, 32]. Males with KS typically present with 
small testicles, low testosterone levels, elevated gonadotro-
pin levels, and some may exhibit abnormal genital organs, 
including cryptorchidism, hypospadias, micropenis, etc.[33]. 
Research indicates that most patients with KS undergo nor-
mal development during puberty, but their testicular volume 
seldom exceeds 4-5 mL, and secondary sexual characteris-
tics appear 3–4 years late on average [34].

The abnormal phenotypes of KS patients primarily origi-
nate from the dosage effect of escaping inactive genes on 
the extra X chromosome, which interferes with the normal 
development process, including the development of the 
reproductive system in fetal period and adolescence, as well 
as other possible symptoms [35]. In our study, 202 cases of 
KS with a karyotype of 47, XXY were detected, accounting 
for the highest percentage of sex chromosomal abnormali-
ties (76.52%). The phenotype was mainly azoospermatism, 
indicating that KS affected the normal development of males 
reproduction, mainly manifested as spermatogenesis disor-
ders, which was consistent with previous literature reports 
[32, 33]. In the past, it was widely believed that patients 
with KS were infertile and had no possibility of fatherhood. 
However, advances in assisted reproductive technology have 
made it possible for men with KS to have offspring through 
testicular sperm extraction technique (TESE) and ICSI in 
recent years [36]. Patients with KS are easily overlooked 
and missed due to their lack of obvious clinical symptoms 
before puberty. Most adult patients with KS seek medical 
help due to fertility issues. In patients presenting with small 
testicles and azoospermatism, further laboratory tests such 
as chromosomal analysis and testicular biopsy are required 
to rule out or initially screen for infertility caused by KS. 

Early accurate diagnosis, intervention, and treatment of KS 
are essential to select the appropriate ART for patients as 
soon as possible.

In this study, six cases of Robertsonian translocation were 
detected, accounting for 0.38% of autosomal abnormalities. 
The main manifestation of Robertsonian translocation was 
severe oligospermia. Previous research have also found that 
some male Rob (13q14q) carriers present with azoosperma-
tism or severe oligospermatism, and chromosome 13 and 
14 variations were significantly related to male testicular 
spermatogenesis or fertility [37]. Robertson translocation 
means that two proximal centromere chromosomes (group 
D, G) are broken near the centromere respectively and then 
reconnected, usually retaining the entire long arm of the two 
chromosomes but lacking only two short arms. Because of 
the small short arm, the few inherited genes and the unclear 
genetic effect, so the phenotype and intellectual develop-
ment of the carriers with Robertsonian translocation are 
generally normal. However, the gamete (ova or sperm) of 
Robertsonian translocation carriers will show an imbalance 
of chromosome nondisjunction during meiosis, thus there 
is a risk of giving birth to the offspring of unbalanced trans-
location. A large number of gene duplications or deletions 
can have serious genetic effects, such as recurrent abortion, 
adverse pregnancy history and infertility in Robertsonian 
translocation carriers, and these carriers are mostly detected 
when they give birth to children with abnormal chromosome 
[38]. For patients diagnosed with recurrent miscarriage, poor 
pregnancy history, infertility, it is crucial to conduct periph-
eral blood chromosome examination as early as possible to 
exclude the influence of chromosomal abnormalities. If 
Robertsonian translocation is indicated, appropriate fertil-
ity counseling should be provided, such as considering the 
use of ART and PGT [39]. These measures aim to alleviate 
the financial and emotional physical burdens placed on the 
patient as well as physical trauma.

Chromosome polymorphism, also known as normal chro-
mosomal variation, refers to some constant small chromo-
somal variations observed in healthy individuals, including 
differences in the size of chromosomal fragments or chro-
mosomal bands. Initially, studies postulated that these dif-
ferences typically do not induce genetic effects nor manifest 
as significant pathologies, given their high frequency, they 
were categorized as a form of polymorphism. But through 
over a decade of research, more and more scholars believe 
that chromosomal polymorphism can cause genetic effects 
such as reproductive abnormalities [40, 41]. In our investiga-
tion involving 1596 infertile males from the Zhuang ethnic 
group, the detection rate of chromosome polymorphism is 
6.58%, which is significantly lower than the 34.5% incidence 
reported by Penna-Videau et al. in 84 cases of male infertility 
[42], and the 8.7% incidence reported by Mau in 150 cases 
of male infertility [43]. In addition, no significant differences 
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were noted in the incidence of chromosome polymorphism 
among azoospermia group, severe oligospermia group and 
oligospermia group in our study. These data suggest that 
chromosomal polymorphism may exert a lesser influence on 
spermatogenesis in the Zhuang ethnic group. At the same 
time, we found that 46, X, Yqh - had the highest detection 
rate in chromosome polymorphism, accounting for 1.44% of 
all infertile people, and accounting for 21.90% of chromo-
some polymorphism, and most of them were azoospermia 
patients, which was inconsistent with the report by Penna 
Videau et al. [42] that Yqh + was stated to be common chro-
mosome polymorphism in male infertility.

Research conducted by Kayhan Yakin et al. [44] found 
that the chromosome polymorphism of male infertile 
patients was higher than that of normal men. They believed 
that the increase of heterochromatin polymorphism in infer-
tile men seemed not only accidental, but also could not be 
considered as a normal variation. Polymorphic heterochro-
matin may have harmful effects on the genetic composition 
of sperm, and more attention should be paid to infertile men 
with heterochromatin polymorphism [44]. Our study pre-
sents some limitations as we did not incorporate a control 
group of males with normal sperm count, thus we are unable 
to definitively ascertain that chromosome polymorphism is 
not associated with male infertility, pending further accumu-
lation and investigation of clinical data. In a study, though, 
chromosome analysis and YCM analysis of the parents of 
the 35 individuals displaying chromosomal polymorphism 
probands with chromosomal polymorphisms, the results 
revealed that 30 patients acquired the polymorphisms from 
their parents; the karyotype of the parents is similar to that 
of their respective probands, but there is no similar history of 
adverse reproduction. YCM analysis of the fathers of YCM 
patients showed that none of the YCM was inherited from 
the paternal side. Thus, the infertility of the probands was 
suggested to be a result of YCM, and not polymorphisms in 
the Y chromosome [45].

In our investigation, a total of 37 cases of chromosome 
abnormality combined with YCM were detected, among 
which sex chromosome abnormality combined with YCM 
was the most common (24 cases), followed by chromosome 
polymorphism combined with YCM (11 cases), suggesting 
that when screening the genetic causes of male infertility 
patients, YCM detection and chromosome karyotype anal-
ysis should be performed simultaneously to avoid missed 
detections. This is conducive to early diagnosis of the cause, 
early treatment and selection of appropriate assisted repro-
ductive technology for pregnancy. Among the 37 patients 
with concurrent chromosomal abnormalities and YCM, 35 
cases were identified as azoospermia patients, suggesting 
that the chromosome abnormality with YCM significantly 
impact male fertility. Consequently, even in cases of chromo-
somal polymorphism, the importance of conducting YCM 

detection cannot be underestimated. The current research has 
some limitations due to the lack of normal men as the con-
trol group but suggests that YCM and chromosomal aber-
rations represent key genetic factors influencing spermato-
genesis in infertile males of Zhuang ethnicity in Guangxi.

In any case, although studies have suggested that YCM 
and chromosomal abnormalities are associated with sub-/
non-fertile men, due to the lack of data from the normal men 
having normal sperm parameters in this study, it seems more 
appropriate to consider YCM as a cause of oligozoospermia/
azozoospermia rather than as a direct cause of "infertility". 
Some studies have also indicated that there is no significant 
relationship between abnormal sperm parameters (including 
count, morphology and motility) and the risk of RPL [46, 
47]. However, our results have shown that YCM and chro-
mosomal abnormalities are important indices that should not 
be ignored. And in clinical practice, the screening of YCM 
and chromosomal abnormalities will help clinicians to iden-
tify the etiology of male infertility and determine reasonable 
management strategies for patients.

Conclusions

Male infertility within the Zhuang ethnic group of Guangxi 
exhibits strong correlations with Y-chromosome microdele-
tions and chromosomal abnormalities. It is evident that these 
genetic elements represent the primary causes of spermato-
genic disorders in males of Zhuang ethnic group. Therefore, 
it is crucial to perform an examination for Y-chromosome 
microdeletions in conjunction with routine chromosomal 
karyotype analysis in patients presenting with male infertil-
ity. Joint assessments aid clinicians in further elucidating 
the underlying disease etiology, determining the need for 
assisted reproduction, and assessing the necessity for pre-
implantation diagnosis.

Abbreviations AID: Artificial insemination by a donor; ART : Assisted 
reproductive technology; AZF: Azoospermia factor; ICSI: Intracyto-
plasmic sperm injection; KS: Klinefelter syndrome; PGT: Preimplan-
tation genetic testing; RPL: Recurrent pregnancy loss; SCOS: Sertoli 
cell-only syndrome; SRY: Sex-determining region; STS: Sequence tag 
sites; TESE: Testicular sperm extraction technique; YCM: Y chromo-
some microdeletions; AID: Artificial insemination by a donor

Acknowledgements We thank all participants who were involved in 
the present study. We also would like to extend our appreciation to 
the Guangxi Regional Center for Reproductive Medicine Construction 
Project for their contributions in this study.

Author Contributions Conceptualization, Li Huang and Mingfang Shi; 
Data curation, Chaosheng Huang and Jing Wang; Formal analysis, 
Jianghui Zeng and Mingfang Shi; Funding acquisition, Ningyu He; 
Investigation, Li Huang; Methodology, Chaosheng Huang and Yib-
ing Luo; Project administration, Jianghui Zeng; Resources, Ningyu He 
and Shengjun Ma; Software, Jing Wang, Xuemei Qin and Yu Xiong; 
Supervision, Ningyu He; Validation, Yu Xiong and Shengjun Ma; 



3084 Reproductive Sciences (2024) 31:3074–3085

Visualization, Yibing Luo; Writing – original draft, Xuemei Qin and 
Mingfang Shi; Writing – review & editing, Jianghui Zeng and Shengjun 
Ma.Mingfang Shi and Shengjun Ma contributed equally to this work.

Funding This work was supported by Guangxi Science and Technol-
ogy Major Program (Guike AA22096032).

Data Availability All data generated or analysed during this study are 
included in this published article.

Declarations 

Ethics Approval This study was performed in line with the principles 
of the Declaration of Helsinki. Approval was granted by the medical 
ethical committee of the Second Nanning People’s Hospital’s Ethics 
Committee (No. Y2013163).

Consent to Participate Patient consent was waived due to this study is 
an observational study, this study did not have any added interventions 
for the subjects.

Conflict of Interest The authors declare no conflicts of interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Cox CM, Thoma ME, Tchangalova N, et al. Infertility preva-
lence and the methods of estimation from 1990 to 2021: a 
systematic review and meta-analysis. Hum Reprod Open. 
2022;2022(4):hoac051. https:// doi. org/ 10. 1093/ hropen/ hoac0 51. 
Published 2022 Nov 12.

 2. Dada R, Gupta NP, Kucheria K. Molecular screening for Yq 
microdeletion in men with idiopathic oligozoospermia and azoo-
spermia. J Biosci. 2003;28(2):163–8. https:// doi. org/ 10. 1007/ 
BF027 06215.

 3. Arumugam M, Shetty DP, Kadandale JS, Kumari SN. Y chro-
mosome microdeletion and cytogenetic findings in male infer-
tility: A cross-sectional descriptive study. Int J Reprod Biomed. 
2021;19(2):147–56. https:// doi. org/ 10. 18502/ ijrm. v19i2. 8473. 
Published 2021 Feb 21.

 4. Colaco S, Modi D. Genetics of the human Y chromosome and 
its association with male infertility. Reprod Biol Endocrinol. 
2018;16(1):14. https:// doi. org/ 10. 1186/ s12958- 018- 0330-5. Pub-
lished 2018 Feb 17.

 5. Krausz C, Hoefsloot L, Simoni M, Tüttelmann F, European Acad-
emy of Andrology, European Molecular Genetics Quality Net-
work. EAA/EMQN best practice guidelines for molecular diag-
nosis of Y-chromosomal microdeletions: state-of-the-art 2013. 
Andrology. 2014;2(1):5–19. https:// doi. org/ 10. 1111/j. 2047- 2927. 
2013. 00173.x.

 6. Sen S, Pasi AR, Dada R, Shamsi MB, Modi D. Y chromo-
some microdeletions in infertile men: prevalence, phenotypes 
and screening markers for the Indian population. J Assist 
Reprod Genet. 2013;30(3):413–22. https:// doi. org/ 10. 1007/ 
s10815- 013- 9933-0.

 7. Dutta S, Paladhi P, Pal S, et al. Prevalence of Y chromosome 
microdeletion in azoospermia factor subregions among infer-
tile men from West Bengal, India. Mol Genet Genomic Med. 
2021;9(10):e1769. https:// doi. org/ 10. 1002/ mgg3. 1769.

 8. Liu XG, Hu HY, Guo YH, Sun YP. Correlation between Y chro-
mosome microdeletion and male infertility. Genet Mol Res. 
2016;15(2). https:// doi. org/ 10. 4238/ gmr. 15028 426.

 9. Wang RX, Fu C, Yang YP, et al. Male infertility in China: 
laboratory finding for AZF microdeletions and chromosomal 
abnormalities in infertile men from Northeastern China. J Assist 
Reprod Genet. 2010;27(7):391–6. https:// doi. org/ 10. 1007/ 
s10815- 010- 9420-9.

 10 Cioppi F, Rosta V, Krausz C. Genetics of Azoospermia. Int J 
Mol Sci. 2021;22(6):3264. https:// doi. org/ 10. 3390/ ijms2 20632 
64. Published 2021 Mar 23.

 11. Skaletsky H, Kuroda-Kawaguchi T, Minx PJ, et al. The male-
specific region of the human Y chromosome is a mosaic of dis-
crete sequence classes. Nature. 2003;423(6942):825–37. https:// 
doi. org/ 10. 1038/ natur e01722.

 12. Kohn TP, Kohn JR, Owen RC, Coward RM. The prevalence of 
y-chromosome microdeletions in oligozoospermic men: a sys-
tematic review and meta-analysis of european and north ameri-
can studies. Eur Urol. 2019;76(5):626–36. https:// doi. org/ 10. 
1016/j. eururo. 2019. 07. 033.

 13. Agarwal S, Agarwal A, Khanna A, Singh K. Microdeletion of 
Y chromosome as a cause of recurrent pregnancy loss. J Hum 
Reprod Sci. 2015;8:159–64.

 14. Karaer A, Karaer K, Ozaksit G, Ceylaner S, Percin EF. Y chro-
mosome azoospermia factor region microdeletions and recur-
rent pregnancy loss. Am J Obstet Gynecol. 2008;199(662):e1-5.

 15. Li X, Li X, Sun Y, Han J, Ma H, Sun Y. Effect of y chromosome 
microdeletions on the pregnancy outcome of assisted reproduc-
tion technology: a meta-analysis. Reprod Sci. 2021;28:2413–21.

 16. Chandley AC. Chromosome anomalies and Y chromosome 
microdeletions as causal factors in male infertility. Hum Reprod. 
1998;13(Suppl 1):45–50.

 17. Bansal SK, Jaiswal D, Gupta N, Singh K, Dada R, Sankhwar 
SN, et al. Gr/gr deletions on Y-chromosome correlate with male 
infertility: an original study, meta-analyses, and trial sequential 
analyses. Sci Rep. 2016;6:19798.

 18. Iijima M, Shigehara K, Igarashi H, et al. Y chromosome micro-
deletion screening using a new molecular diagnostic method 
in 1030 Japanese males with infertility. Asian J Androl. 
2020;22(4):368–71. https:// doi. org/ 10. 4103/ aja. aja_ 97_ 19.

 19. Suganthi R, Vijesh VV, Vandana N, Fathima Ali Benazir J. Y 
choromosomal microdeletion screening in the workup of male 
infertility and its current status in India. Int J Fertil Steril. 
2014;7(4):253–66.

 20. Akin H, Onay H, Turker E, Ozkinay F. Primary male infertility 
in Izmir/Turkey: a cytogenetic and molecular study of 187 infer-
tile Turkish patients. J Assist Reprod Genet. 2011;28(5):419–
23. https:// doi. org/ 10. 1007/ s10815- 011- 9542-8.

 21. Zheng HY, Li Y, Shen FJ, Tong YQ. A novel universal multi-
plex PCR improves detection of AZFc Y-chromosome micro-
deletions. J Assist Reprod Genet. 2014;31(5):613–20. https:// 
doi. org/ 10. 1007/ s10815- 014- 0204-5.

 22. Kamp C, Huellen K, Fernandes S, et al. High deletion frequency 
of the complete AZFa sequence in men with Sertoli-cell-only 
syndrome. Mol Hum Reprod. 2001;7(10):987–94. https:// doi. 
org/ 10. 1093/ molehr/ 7. 10. 987.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/hropen/hoac051
https://doi.org/10.1007/BF02706215
https://doi.org/10.1007/BF02706215
https://doi.org/10.18502/ijrm.v19i2.8473
https://doi.org/10.1186/s12958-018-0330-5
https://doi.org/10.1111/j.2047-2927.2013.00173.x
https://doi.org/10.1111/j.2047-2927.2013.00173.x
https://doi.org/10.1007/s10815-013-9933-0
https://doi.org/10.1007/s10815-013-9933-0
https://doi.org/10.1002/mgg3.1769
https://doi.org/10.4238/gmr.15028426
https://doi.org/10.1007/s10815-010-9420-9
https://doi.org/10.1007/s10815-010-9420-9
https://doi.org/10.3390/ijms22063264
https://doi.org/10.3390/ijms22063264
https://doi.org/10.1038/nature01722
https://doi.org/10.1038/nature01722
https://doi.org/10.1016/j.eururo.2019.07.033
https://doi.org/10.1016/j.eururo.2019.07.033
https://doi.org/10.4103/aja.aja_97_19
https://doi.org/10.1007/s10815-011-9542-8
https://doi.org/10.1007/s10815-014-0204-5
https://doi.org/10.1007/s10815-014-0204-5
https://doi.org/10.1093/molehr/7.10.987
https://doi.org/10.1093/molehr/7.10.987


3085Reproductive Sciences (2024) 31:3074–3085 

 23. Kleiman SE, Almog R, Yogev L, et al. Screening for partial 
AZFa microdeletions in the Y chromosome of infertile men: is 
it of clinical relevance? Fertil Steril. 2012;98(1):43–7. https:// 
doi. org/ 10. 1016/j. fertn stert. 2012. 03. 034.

 24. Soares AR, Costa P, Silva J, et al. AZFb microdeletions and oli-
gospermia— which mechanisms? Fertil Steril. 2012;97(4):858–
63. https:// doi. org/ 10. 1016/j. fertn stert. 2012. 01. 099.

 25. Costa P, Gonçalves R, Ferrás C, et  al. Identification of 
new breakpoints in AZFb and AZFc. Mol Hum Reprod. 
2008;14(4):251–8. https:// doi. org/ 10. 1093/ molehr/ gan014.

 26 Rabinowitz MJ, Huffman PJ, Haney NM, Kohn TP. Y-chromo-
some microdeletions: a review of prevalence, screening, and 
clinical considerations. Appl Clin Genet. 2021;14:51–9. https:// 
doi. org/ 10. 2147/ TACG. S2674 21. Published 2021 Feb 12.

 27. Foresta C, Moro E, Ferlin A. Y chromosome microdeletions and 
alterations of spermatogenesis. Endocr Rev. 2001;22(2):226–39. 
https:// doi. org/ 10. 1210/ edrv. 22.2. 0425.

 28. Khan MJ, Ullah A, Nazli R, Ahmed J. Evaluation of chromosomal 
abnormalities and Y chromosome microdeletion in infertile males 
of 10 families. J Pak Med Assoc. 2019;69(4):567–71.

 29. Fu L, Xiong DK, Ding XP, et al. Genetic screening for chromo-
somal abnormalities and Y chromosome microdeletions in Chi-
nese infertile men. J Assist Reprod Genet. 2012;29(6):521–7. 
https:// doi. org/ 10. 1007/ s10815- 012- 9741-y.

 30 Koşar PA, Ozçelik N, Koşar A. Cytogenetic abnormalities 
detected in patients with non-obstructive azoospermia and severe 
oligospermia. J Assist Reprod Genet. 2010;27:17–21.

 31 Shiraishi K, Matsuyama H. Klinefelter syndrome: From pediatrics 
to geriatrics. Reprod Med Biol. 2018;18(2):140–50. https:// doi. 
org/ 10. 1002/ rmb2. 12261. Published 2018 Dec 8.

 32. Garcia-Quevedo L, Blanco J, Sarrate Z, Català V, Bassas L, Vidal 
F. Hidden mosaicism in patients with Klinefelter’s syndrome: 
implications for genetic reproductive counselling. Hum Reprod. 
2011;26(12):3486–93. https:// doi. org/ 10. 1093/ humrep/ der351.

 33 Samango-Sprouse CA, Counts DR, Tran SL, Lasutschinkow PC, 
Porter GF, Gropman AL. Update on the clinical perspectives and 
care of the child with 47, XXY (Klinefelter Syndrome). Appl Clin 
Genet. 2019;12:191–202. https:// doi. org/ 10. 2147/ TACG. S1804 
50. Published 2019 Oct 23.

 34. Wikström AM, Raivio T, Hadziselimovic F, Wikström S, Tuuri T, 
Dunkel L. Klinefelter syndrome in adolescence: onset of puberty 
is associated with accelerated germ cell depletion. J Clin Endo-
crinol Metab. 2004;89(5):2263–70. https:// doi. org/ 10. 1210/ jc. 
2003- 031725.

 35. Groth KA, Skakkebæk A, Høst C, Gravholt CH, Bojesen A. 
Clinical review: Klinefelter syndrome–a clinical update. J Clin 
Endocrinol Metab. 2013;98(1):20–30. https:// doi. org/ 10. 1210/ jc. 
2012- 2382.

 36. Schiff Jonathan D, Palermo Gianpiero D, Veeck Lucinda L, 
et  al. Success of testicular sperm extraction [corrected] and 

intracytoplasmic sperm injection in men with Klinefelter syn-
drome. J Clin Endocrinol Metab. 2005;90:6263–7.

 37. Guo JH, Zhu PY, Huang YF, Yu L. Autosomal aberrations associ-
ated with testicular dysgenesis or spermatogenic arrest in Chinese 
patients. Asian J Androl. 2002;4(1):3–7.

 38. Tang YP, Liu XS, Liu Y, Yang ZR, Chen Y, Xiong CL. Somatic 
cell and sperm cell cytogenetics in a patient with t(14; 21). Yi 
Chuan Xue Bao. 2006;33(6):488–94. https:// doi. org/ 10. 1016/ 
S0379- 4172(06) 60076-0.

 39. Vergani P, Mariani E, Ciriello E, et al. Fetal arrhythmias: natural 
history and management. Ultrasound Med Biol. 2005;31(1):1–6. 
https:// doi. org/ 10. 1016/j. ultra smedb io. 2004. 10. 001.

 40. Sahin FI, Yilmaz Z, Yuregir OO, Bulakbasi T, Ozer O, Zeyneloglu 
HB. Chromosome heteromorphisms: an impact on infertility. J 
Assist Reprod Genet. 2008;25(5):191–5. https:// doi. org/ 10. 1007/ 
s10815- 008- 9216-3.

 41. Akbaş H, Isi H, Oral D, et al. Chromosome heteromorphisms are 
more frequent in couples with recurrent abortions. Genet Mol 
Res. 2012;11(4):3847–51. https:// doi. org/ 10. 4238/ 2012. Novem 
ber. 12.1. Published 2012 Nov 12.

 42. Penna Videaú S, Araujo H, Ballesta F, Ballescá JL, Vanrell JA. 
Chromosomal abnormalities and polymorphisms in infertile men. 
Arch Androl. 2001;46(3):205–10. https:// doi. org/ 10. 1080/ 01485 
01015 10965 04.

 43. Mau UA, Bäckert IT, Kaiser P, Kiesel L. Chromosomal findings 
in 150 couples referred for genetic counselling prior to intracyto-
plasmic sperm injection. Hum Reprod. 1997;12(5):930–7. https:// 
doi. org/ 10. 1093/ humrep/ 12.5. 930.

 44. Yakin K, Balaban B, Urman B. Is there a possible correlation 
between chromosomal variants and spermatogenesis? Int J Urol. 
2005;12(11):984–9. https:// doi. org/ 10. 1111/j. 1442- 2042. 2005. 
01185.x.

 45. Li LL, Peng D, Wang RX, Zhu HB, Wang WJ, Liu RZ. Cor-
relation between chromosomal polymorphisms and male 
infertility in a Northeast Chinese population. Genet Mol Res. 
2015;14:15435–43.

 46 Gupta S, Agarwal A, Banerjee J, Alvarez JG. The role of oxida-
tive stress in spontaneous abortion and recurrent pregnancy loss: 
a systematic review. Obstet Gynecol Surv. 2007;62:335–47 quiz 
353-354.

 47. El Hachem H, Crepaux V, May-Panloup P, Descamps P, Legendre 
G, Bouet PE. Recurrent pregnancy loss: current perspectives. Int 
J Womens Health. 2017;9:331–45.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.fertnstert.2012.03.034
https://doi.org/10.1016/j.fertnstert.2012.03.034
https://doi.org/10.1016/j.fertnstert.2012.01.099
https://doi.org/10.1093/molehr/gan014
https://doi.org/10.2147/TACG.S267421
https://doi.org/10.2147/TACG.S267421
https://doi.org/10.1210/edrv.22.2.0425
https://doi.org/10.1007/s10815-012-9741-y
https://doi.org/10.1002/rmb2.12261
https://doi.org/10.1002/rmb2.12261
https://doi.org/10.1093/humrep/der351
https://doi.org/10.2147/TACG.S180450
https://doi.org/10.2147/TACG.S180450
https://doi.org/10.1210/jc.2003-031725
https://doi.org/10.1210/jc.2003-031725
https://doi.org/10.1210/jc.2012-2382
https://doi.org/10.1210/jc.2012-2382
https://doi.org/10.1016/S0379-4172(06)60076-0
https://doi.org/10.1016/S0379-4172(06)60076-0
https://doi.org/10.1016/j.ultrasmedbio.2004.10.001
https://doi.org/10.1007/s10815-008-9216-3
https://doi.org/10.1007/s10815-008-9216-3
https://doi.org/10.4238/2012.November.12.1
https://doi.org/10.4238/2012.November.12.1
https://doi.org/10.1080/01485010151096504
https://doi.org/10.1080/01485010151096504
https://doi.org/10.1093/humrep/12.5.930
https://doi.org/10.1093/humrep/12.5.930
https://doi.org/10.1111/j.1442-2042.2005.01185.x
https://doi.org/10.1111/j.1442-2042.2005.01185.x

	Clinical Analysis of Y Chromosome Microdeletions and Chromosomal Aberrations in 1596 Male Infertility Patients of the Zhuang Ethnic Group in Guangxi
	Abstract
	Background
	Methods
	Patients
	Semen Analysis
	Identification of Y Chromosome Microdeletions
	Analysis of Peripheral Blood Chromosomal Karyotype
	Statistical Analysis

	Results
	Overall Situation of Y Chromosome Microdeletions
	Missing Situation in each Zone of AZF
	Chromosomal Karyotype Abnormalities
	Distribution of Chromosomal Polymorphism
	Analysis of Chromosomal Aberrations in Conjunction with Y Chromosome Microdeletions

	Discussion
	Conclusions
	Acknowledgements 
	References


