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Abstract
Purpose We investigated if substitutions in the ERCC1, ERCC2, and XRCC1 genes of the DNA repair pathway correlate with
non-obstructive azoospermia and male infertility.
Methods A total of 548 azoospermic infertile males and 410 fertile controls were genotyped for XRCC1 399A >G, 280G >A,
and ERCC1 C >A 3′ UTR and 541 azoospermic infertile males and 416 fertile controls were genotyped for ERCC2 751A > C
using iPLEXGold Assay. Meta-analyses were performed on XRCC1 399A >G (1022 cases and 1004 controls), ERCC1C >A 3′
UTR (879 cases and 1059 controls), and ERCC2 751A > C (914 cases and 850 controls) polymorphisms to quantitatively
estimate the significance of the association between these polymorphisms and the risk of infertility.
Results Statistically significant association between ERCC2 751A > C SNP and male infertility was found using the codominant
model (p = 0.03). Results of meta-analysis suggested a lack of correlation with male infertility risk, which could be due to pooling
of studies from different ethnic populations. Due to limited the number of studies, a stratified analysis for different ethnic groups
could not be performed.
Conclusion (s) In conclusion, AA genotype of 751A > C SNP in ERCC2 correlated with a higher risk of male infertility and may
contribute to an increased risk of azoospermia and male infertility in Indian men.
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Introduction

Infertility affects 10–15% of couples worldwide, and the cause
is male borne in around 50% of them [1]. Though significant
progress has been made in the last few years in understanding
infertility, more than half of the causes remain unknown or
idiopathic [2]. Azoospermia, characterized by the absence of
spermatozoa in the ejaculate is the most common, but poorly
understood cause of male infertility [3]. Exposure to endoge-
nous and exogenous mutagens can give rise to DNA damage
in highly proliferative germ cells [4]. Germ cell DNA damage
has been found to be one of the major causes of complete
spermatogenic failure and male infertility [5, 6]. To prevent
the propagation of heritable genetic mutations in the germ line
and to safeguard the genomic integrity and the quality of de-
veloping germ cells, a complex DNA repair mechanism is in
place [7]. Among various DNA repair systems, the base exci-
sion repair (BER) and nucleotide excision repair (NER) are
two crucial mechanisms that repair localized small lesions and

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s10815-018-1339-6) contains supplementary
material, which is available to authorized users.

* Singh Rajender
rajender_singh@cdri.res.in

* Kiran Singh
singhk4@rediffmail.com; skiran@bhu.ac.in

1 Department of Molecular & Human Genetics, Banaras Hindu
University, Varanasi 221005, India

2 Division of Endocrinology, Central Drug Research Institute,
Lucknow, UP, India

3 CSIR-Centre for Cellular and Molecular Biology (CCMB),
Hyderabad, India

4 Department of Zoology (MMV), Banaras Hindu University,
Varanasi 221005, India

5 Department of Urology, Institute of Medical Sciences, Banaras
Hindu University, Varanasi, India

Journal of Assisted Reproduction and Genetics (2019) 36:79–90
https://doi.org/10.1007/s10815-018-1339-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s10815-018-1339-6&domain=pdf
http://orcid.org/0000-0002-2592-6534
https://doi.org/10.1007/s10815-018-1339-6
mailto:rajender_singh@cdri.res.in
mailto:singhk4@rediffmail.com
mailto:skiran@bhu.ac.in


bulky DNA damages, respectively [7]. Both of these path-
ways are critical for repairing DNA damage in testicular cells
[8, 9]. Variations in the DNA repair capacity are genetically
determined and DNA polymorphisms. It may result in subtle
structural alterations in the DNA repair proteins resulting in
modulation of sperm production [10].

ERCC2 is a component of the NER pathway that is an
integral member of the basal transcription factor BTF2/
TFIIH [11]. Reports on the cDNA microarray indicated that
the expression of the ERCC2 gene was significantly downreg-
ulated in azoospermia testes in comparison to the normal tes-
tes [11]. ERCC1 is another essential component of the NER
pathway, where it acts in a complex with XPF to repair the
DNA lesions [12]. Ercc1-deficient testis displays an increased
level of DNA strand breaks, oxidative DNA damage, and
apoptosis in the male germ cells [12]. XRCC1 was the first
in a series of cloned DNA repair genes from the BER pathway
that acts as a Bscaffold^ in drawing different components to
the site of DNA damage, promoting the efficiency of the BER
pathway [13]. Interestingly, its expression is significantly high
in the testis, particularly in pachytene spermatocytes and
round spermatids [14].

Owing to the critical role in spermatogenesis, variations in
the ERCC2, ERCC1, and XRCC1 genes might compromise
sperm production, resulting in male infertility. Several single-
nucleotide polymorphisms (SNPs) in these genes were shown
to alter DNA repair efficiency leading to various disease out-
comes [15]. However, the information available on the poly-
morphisms in the ERCC2, ERCC1, and XRCC1 genes in male
infertility were inconsistent and variable. In the present case-
control study, we have studied the correlation of ERCC2
rs13181 (A > C, p.Lys751Gln; Exon 23), ERCC1 rs3212986
(C >A, 3′ UTR), and XRCC1 rs25487 (A >G, p.Gln399Arg;
Exon 10) and rs25489 (G >A, p.Arg280His; Exon 9) poly-
morphisms with azoospermia. Studies have corroborated that
individuals with Lys/Lys codon 751 genotype of ERCC2
rs13181 SNP have reduced DNA repair proficiency than those
having a 751Gln allele [16]. Also, the expression of the
ERCC2 gene is found to be significantly downregulated in
azoospermic testis compared to the normal testis [17].
Similarly, the results of ERCC1 rs3212986 minor A allele is
associated with reduced DNA repair proficiency and poor
survival of tumors cells [18]. It has been shown that A allele
of XRCC1 rs25487 SNP results in a higher number of chro-
mosomal aberrations in cancer patients [19]. Furthermore,
XRCC1 rs25489 SNP (R280H) results in the formation of a
variant protein which is defective in its efficient localization to
a damaged site in the chromosome, resulting in reduced cel-
lular BER/SSBR [20].

ERCC2 751A > C, ERCC1 C >A, and XRCC1 399A >G
polymorphisms have been previously studied in male infertil-
ity [4, 7, 21–23]; however, the results so far have been incon-
sistent. Hence, we also performed meta-analyses on all

eligible case-control studies to quantitatively estimate the sig-
nificance of the association between these polymorphisms and
the risk of male infertility. Due to lack of the availability of
literature for the association of XRCC1 280 G >A SNP and
male infertility risk, we could not perform meta-analysis for
this SNP.

Methods

Ethics statement

The study was approved by the Institutional Human Ethics
Committee of the Institute of Science, Banaras Hindu
University, Varanasi (Approval letter No. Dean/2011-12/
119). The experiments were performed as per standard guide-
lines accepted for research on human samples. Written in-
formed consent was obtained from each enrolled participant
after providing detailed information about the purpose of sam-
ple collection.

Study group

All the subjects were of Indo-European ethnicity and had in-
fertility persisting for longer than 1 year. All the subjects
underwent detailed medical and physical examinations before
sample collection. Patients with gross dysmorphic abnormal-
ities, endocrine defects (hypogonadism), acquired and con-
genital structural defects of the urogenital system, such as
those with cystic fibrosis and Young’s syndrome, history of
pelvic/spinal injuries, cytogenetic aberrations, karyotype ab-
normalities, and AZF microdeletions were excluded. Patients
presenting with the history of genital tract obstruction or/and
dysfunction (varicocele, obstructive azoospermia) were also
excluded. Patients having extreme alcohol consumption,
smoking, drug abuse, and those having been exposed to che-
motherapeutics or radiation were also excluded. The possibil-
ity of involvement of female factors was excluded before the
enrolment of male patients.

Collection of semen samples was performed as per the
WHO criteria for semen collection and analysis [24]. Semen
analyses were carried out thrice after 3 to 4 days of sexual
abstinence to ascertain infertility status of the patients. The
diagnosis of azoospermia was confirmed after semen centri-
fugation followed by pellet analysis that was performed at
least twice to ascertain azoospermia phenotype. The controls
belonged to the same age group (20–45 years) and had the
same ethnicity as the patients. A confirmation of paternity in
the last 2 years was considered as a proof of their fertility. A
total of 548 infertile cases and 410 fertile controls were uti-
lized for genotyping of XRCC1 399A > G, 280G > A, and
ERCC1 C >A 3′ UTR and 541 infertile cases and 416 fertile
controls were used for genotyping of ERCC2 751A > C.
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DNA preparation, plus-minus polymerase chain
reaction for Y chromosome deletion mapping
and genotyping

Peripheral blood was used for genomic DNA isolation using
DNA/RNA extraction kits (Illumina, San Diego, California,
USA) following the manufacturer’s protocol. DNA quality
and quantity was estimated using a NanoDrop 2000 instrument
(Thermo Fisher Scientific, Waltham, MA, USA). Y chromo-
some microdeletions were analyzed using 11 sets of sequence-
tagged site (STS) markers (STSs: sY83, sY84, sY69, sY117,
sY152, sY255, sY254, sY157, sY158, sY159, sY160) on both
sides of the euchromatic region of the Y chromosome from
centromere to interval 7. None of the patients showed deletions
of the Y chromosome (Supplementary Fig. 1). For case-control
association study, all the SNPs were genotyped using iPLEX
Gold Assay for SNP Genotyping.

Meta-analysis of ERCC2: rs13181 (A> C, p.Lys751Gln),
ERCC1: rs3212986 (C > A, 3′ UTR) and (XRCC1):
rs25487 (A > G, p.Gln399Arg

Literature search

Relevant studies were selected by searching BGoogle Scholar
(scholar.google.co.in)^ BScienceDirect (www.sciencedirect.
com)^ and BPubMed (www.pubmed.com)^ databases up to the
27th of March 2018 as the publication date, using the keywords:
BERCC2,^ BERCC1,^ BXRCC1,^ Bpolymorphism,^ and Bmale
infertility^ in various combinations. All the studies were
scrutinized for their references to identify other relevant studies.
Only the studies published in the English language were
considered for further analysis. We did not stipulate a
minimum sample size as the standard for inclusion of a study
in the analysis. To avoid instances of Bdouble-counting^ of the
data and overstating the risk estimate, we included only the
articles with the largest and most complete data for duplicate
studies. To prevent errors in the pooled analysis, the data
extraction was performed by VS and SKB, independently.

Data extraction

The data against the following variables were obtained from
each study; first author’s name, year of publication, ethnicity
of subjects, the source of the samples, and genotypes of cases
and controls.

Inclusion and exclusion criteria

The hits achieved through literature search were subjected to
the following inclusion/exclusion criteria to select the studies
for pooled analysis; the inclusion criteria comprised of the
following: (i) The studies aimed at analyzing the correlation

of ERCC2 751A > C, ERCC1 C >A, 3′ UTR, and XRCC1,
399A > G substitutions with male infertility risk. (ii) Each
study was an independent case-control study. (iii) The purpose
of all the studies and statistical approaches were similar. (iv)
The provided information was sufficient to calculate the odds
ratio. (v) SNP genotyping was performed using standard
genotyping techniques. (vi) Patients within the study were
recruited as per the standard diagnostic parameters.

The exclusion criteria included: (i) The study was not a
case-control study. (ii) The study did not intend to look for
correlation of ERCC2 751A > C, ERCC1 C >A, 3′ UTR, and
XRCC1, 399A >G substitutions with male infertility risk. (iii)
The study had reviewed the literature and not presented new
data. (iv) The raw data were not available in the article and the
authors did not respond to three requests by e-mail. (v) The
study had been extended to include more samples at a later
stage.

Statistical analysis

In the meta-analysis of overall samples, the effectiveness of
association between ERCC2 751A > C, ERCC1 C > A 3′
UTR, and XRCC1 399A >G polymorphisms and male infer-
tility risk was evaluated by pooled odds ratio (OR) with the
corresponding 95% confidence interval (CI). The pooled OR
and the corresponding 95% CIs was computed using the fixed
effects model (the Mantel-Haenszel method) in the absence of
heterogeneity among individual studies; otherwise, a random
effects models (the Der Simonian and Laird method) was
preferred [25, 26]. As meta-analysis pools data across various
studies conducted by different people around the world, we
had a priori preference to use the random effects model, which
is more stringent and less likely to favor an odd observation,
unless there is a real effect. The heterogeneity between indi-
vidual studies was tested using chi-square-based Q test and
p values > 0.05 suggested a lack of heterogeneity across the
studies. Calculations of OR and 95%CIwere performed using
different genetic models: dominant, codominant, and reces-
sive. Bonferroni’s correction for multiple testing was not con-
templated given a limited number of tests that were pre-hy-
pothesized. Genotype data of the cases and control groups
were analyzed for fitness in the Hardy-Weinberg
Equilibrium (HWE). Publication bias was evaluated using
Egger’s linear regression test, followed by visual assessment
of the funnel plot. All statistical tests were performed using the
Comprehensive Meta Analysis software (version 2).

Sensitivity analysis

As all the studies were not performed using equally strin-
gent protocols, some of them may bias the results in the
pooled analysis. A sensitivity analysis was hence carried
out to identify the studies that could have significantly
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biased the overall inference. The control data from each
study was analyzed for fitness in the Hardy-Weinberg
equilibrium.

Trial sequential analysis

A meta-analysis might be subject to systematic (bias) or
random errors (play of chance) due to repeated significance
testing, dispersed data, and potential publication bias [27].
Bias from trials with publication bias, small trial bias, and
low methodological quality, may result in false p value.
Therefore, we used trial sequential analysis (TSA) to over-
come these limitations, to detect false positive or negative
errors, and to calculate the required information size (RIS)
for reliability of meta-analysis [28]. Previous studies have
suggested that the outcomes of TSA are more reliable than
those of the traditional meta-analysis [29, 30]. As we could
retrieve at least three previously published studies for
XRCC1 399G > A polymorphism, we performed TSA to
evaluate the potential publication bias. RIS was calculated
considering an overall type-I error of 5% and type-II error
of 20%. A two-sided graph is plotted by TSA, where red
straight lines are indicative of significance boundaries of
the conventional meta-analysis; the blue line shows cumu-
lative Z-score, and the red lines sloping inwards represent
trial sequential monitoring boundaries with adjusted
p values.

Results

Case-control study

SNP genotyping for all infertile and fertile control individ-
uals was undertaken using iPLEX Gold Assay. All the
SNPs except ERCC2 (rs13181) fitted well in the Hardy-
Weinberg equilibrium (HWE) in the control population (p
value > 0.05). This indicates the importance of additional
testing of this SNP in other populations. Upon generation
of data from different populations, a meta-analysis on this
SNP would clear if it has a subtle or population-specific
role in infertility. Both alleles in the case of A > C homo-
zygous substitution (rs13181) in the ERCC2 gene were
observed in comparable frequencies in the study popula-
tion. Comparison using dominant and recessive models
showed no significant difference between cases and con-
trols, but comparison in the codominant model showed a
significant association of this substitution with male infer-
tility (p = 0.03). AA genotype correlated with a higher risk
of male infertility in comparison to CC. However, no as-
sociation was found at the allelic level (Table 1).

For C >A substitution (rs3212986) in ERCC1, the frequen-
cies of both the heterozygous and the homozygous mutant

genotypes were lesser in the infertile group (CA, 44.53%;
AA, 8.21%) in comparison to fertile controls (CA, 46.34%;
AA, 11.22%), though the difference was not statistically sig-
nificant (11 vs 12, P = 0.28; 11 vs 22, P = 0.07) (Table 1). For
A >G substitution (rs25487) and XRCC1 G>A substitution
(rs25489), no significant difference in frequencies of allele or
genotype was found between infertile group and fertile con-
trols (Table 1).

Meta-analysis

The associations of rs13181, rs3212986, and rs25487 poly-
morphisms with male infertility risk have been previously
evaluated across different populations [4, 7, 21–23]. Hence,
we performed meta-analyses on data pooled from all pub-
lished studies to evaluate the association between these poly-
morphisms and male infertility.

Eligible studies

ERCC2: rs13181 (A> C, p.Lys751Gln)

Literature survey identified four studies. One of the studies by
Ji et al. was excluded as they aimed to study the joint effects of
ERCC2 polymorphisms and polycyclic aromatic hydrocarbon
exposure on male infertility [21]. Another study by Liu et al.
was excluded as the full text of the article was not available
[23]. Hence, a total of three case-control studies (914 cases
and 850 controls), including the present study following a
strict exclusion-inclusion criterion were included in the
meta-analysis (Fig. 1).

ERCC1: rs3212986 (C > A, 3′ UTR)

Three studies were identified through literature search.
One of the studies by Ji et al. was excluded as they aimed
to study the joint effects of ERCC1 polymorphisms and
polycyclic aromatic hydrocarbon exposure on male infer-
tility [21]. Hence, a total of three case-control studies (879
cases and 1059 controls), including the present study fol-
lowing a strict exclusion-inclusion criterion were included
in the meta-analysis (Fig. 1).

XRCC1: rs25487 (A > G, p.Gln399Arg)

Literature search identified six studies. Three studies were
excluded as they were not relevant to the aim of this study
(association of XRCC1 399A > G with male infertility).
One of the studies by Ji et al. was excluded as they aimed
to study the joint effects of XRCC1 polymorphisms and
polycyclic aromatic hydrocarbon exposure on male infer-
tility [21]. Similarly, another study by Tsuchiya et al. was
excluded as it focused on investigating the association of
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XRCC1 gene polymorphisms with the susceptibility to tes-
ticular germ cell tumors, rather than male infertility [31].
Furthermore, another study by Mirsane et al. was excluded
as it investigated the relationship between XRCC1 poly-
morphism and alcohol consumption as a risk of male in-
fertility [32]. Hence, a total of four case-control studies
(1022 cases and 1004 controls), including the present study
following a strict exclusion-inclusion criterion were in-
cluded in the meta-analysis (Fig. 1).

All the cases involved in these studies were pathologically
confirmed and age-matched controls were recruited from
healthy populations. The main characteristics of these studies
are depicted in the Supplementary data 1.

Pooled analysis

As the studies pooled in this analysis were conducted in
different laboratories on various populations, internal

heterogeneity was anticipated. We observed both, a sig-
nificant and non-significant heterogeneity across differ-
ent analyses; therefore, we have presented results of
both fixed effects and random effects models of analysis
Table 2. Further, we have implemented analyses using
all genetic models to thoroughly dissect the association
between the polymorphisms and male infertility risk.
None of the genetic models could conclude an associa-
tion of these polymorphisms and male infertility risk
(P > 0.05) (Fig. 2).

Sensitivity analysis

All the studies complied with the Hardy-Weinberg equi-
librium. None of the studies was found to be sensitive
enough to strongly bias the overall conclusion of this
meta-analysis.

Table 1 Genotype distributions for ERCC2, ERCC1, and ERCC2 polymorphisms in cases and controls

SNP ID Model Genotype Control Case OR (95% CI) p value

ERCC2
rs13181

Codominant C/C 58 (13.94) 54 (10.36) 1

C/A 185 (44.47) 232 (44.53) 1.35(0.88–2.04) 0.16

A/A 173 (41.59) 255 (45.11) 1.59 (1.04–2.42) 0.03*

Dominant C/C 58 (13.94) 54 (10.36) 1

C/A-A/A 358 (86.06) 487 (89.64) 1.46 (0.98–2.18) 0.05

Recessive C/C-C/A 243 (58.41) 286 (54.89) 1

A/A 173 (41.59) 255 (45.11) 1.25 (0.97–1.61) 0.08

ERCC1
rs3212986

Codominant C/C 174 (42.44) 259 (47.26) 1

C/A 190 (46.34) 244 (44.53) 0.86 (0.66–1.13) 0.28

A/A 46 (11.22) 45 (8.21) 0.65 (0.41–1.08) 0.07

Dominant C/C 174 (42.44) 259 (47.26) 1

C/A-A/A 236 (57.56) 289 (52.74) 0.82 (0.64–1.06) 0.14

Recessive C/C-C/A 364 (88.78) 503 (91.79) 1

A/A 46 (11.22) 45 (8.21) 1.70 (0.45–1.09) 0.12

XRCC1
rs25487

Codominant A/A 175 (42.68) 260 (47.45) 1

A/G 195 (47.56) 234 (42.7) 0.80 (0.61–1.05) 0.12

G/G 40 (9.76) 54 (9.85) 0.90 (0.57–1.42) 0.67

Dominant A/A 175 (42.68) 260 (47.45) 1

A/G-G/G 235 (57.32) 288 (52.55) 0.82 (0.63–1.06) 0.14

Recessive A/A-A/G 370 (90.24) 494 (90.15) 1

G/G 40 (9.76) 54 (9.85) 1.01 (0.65–1.55) 0.95

XRCC1
rs25489

Codominant G/G 313 (76.34) 416 (75.91) 1

G/A 92 (22.44) 124 (22.63) 1.01 (0.74–1.37) 0.92

A/A 5 (1.22) 8 (1.46) 1.20 (0.39–3.63) 0.75

Dominant G/G 313 (76.34) 416 (75.91) 1

G/A-A/A 97 (23.66) 132 (24.09) 1.02 (0.75–1.38) 0.87

Recessive G/G-G/A 405 (98.78) 540 (98.54) 1

A/A 5 (1.22) 8 (1.46) 1.19 (0.39–3.61) 0.75

* Statistically significant
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Fig. 1 PRISMA flow diagram.
The flow diagrams show
screening of literature and
selection of studies for
meta-analysis
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Publication bias

Begg’s funnel plot and Egger’s regression intercept tests were
performed to compute the publication bias. However, no evi-
dence of publication bias was obtained from both tests. The
shape of the funnel plot revealed a symmetrical distribution of
the studies (Fig. 3), which was confirmed by the Egger’s test
(Supplementary data 1). The results were further confirmed by
classic fail-safe and Orwin’s fail-safe test, which suggested no
obvious publication bias (Supplementary data 1). With these
results, we conclude that the results were stable and the pooled
analysis was not biased.

Trial sequential analysis

Outcomes of the TSA were concordant with results of meta-
analysis and revealed that XRCC1 399G > C was not associ-
ated with the risk of azoospermia. Moreover, it also revealed
that we have yet to reach the adequate number of samples and
studies to reach a concrete conclusion as the number of sam-
ples did not cross the O’Brien-Fleming boundary (Fig. 4).

Discussion

The impact of polymorphism in the DNA repair pathway
genes on male infertility risk has been studied in various pop-
ulations [4, 7, 21–23]. Most commonly studied SNPs

belonged to the ERCC2, ERCC1, and XRCC1 genes. SNPs
in these genes have indicated an altered DNA repair proficien-
cy in various phenotypic studies [11]. ERCC2 (751A > C) and
ERCC1 (3′ UTRC >A) SNP have been shown to affect the
repair capacity and the tumor’s sensitivity to cisplatin [33].
Furthermore, previous researches have reported that SNPs in
the XRCC1 gene may alter the susceptibility towards the risk
of thyroid, breast, and bladder cancer [34–36]. We investigat-
ed the association between male infertility and four SNPs in
ERCC2 (751A > C), ERCC1 (3′ UTRC > A) and XRCC1
(399A >G and 280G >A) genes. We observed that the two
alleles at ERCC2 751 A > C locus were of comparable fre-
quencies. Genotype comparison using codominant model
(AA vs CC) showed that AA genotype increased the risk of
infertility in comparison to the CC genotype. This observa-
tion is supported by at least two studies, one of which re-
ported that individuals carrying BAA^ genotype increased
the frequency of X-ray induced chromatid aberrations than
those having a BC^ allele [37] and the other reported that
BC^ allele may have higher DNA repair capacity that could
effectively decrease the anticancer effect of oxaliplatin [16].
For, ERCC2 751A > C, we pooled genotype data on 914
cases and 850 controls from two previously published stud-
ies [7, 11] and the present study. The study by Gu et al.
reported a significant association of ERCC2 751A > C sub-
stitution with male infertility. The pooled estimate, howev-
er, suggested a lack of association between ERCC2 751A >
C substitution and male infertility.

Table 2 Results of meta-analysis using different genetic models

Analysis models Heterogeneity Fixed effect Random effect Inference

I2 P OR P OR P

ERCC2 751A> C

AA vs. (AC + CC) 79.92 0.006 0.948 0.623 1.114 0.706 Not associated

AA vs. AC 71.01 0.031 0.979 0.851 1.090 0.723 Not associated

AA vs. CC 52.44 0.122 0.688 0.702 1.399 0.670 Not associated

AC vs. CC 17.02 0.299 0.794 0.267 0.980 0.963 Not associated

(AA + AC) vs. CC 43.26 0.171 0.732 0.113 1.251 0.746 Not associated

ERCC1 C >A 3′ UTR

CC vs. (CA + AA) 79.79 0.007 0.994 0.949 1.073 0.757 Not associated

CC vs. CA 64.52 0.059 1.017 0.869 1.071 0.699 Not associated

CC vs. AA 83.13 0.002 0.814 0.270 1.042 0.937 Not associated

CA vs. AA 83.13 0.002 0.814 0.270 1.042 0.937 Not associated

(CC + CA) vs. AA 78.53 0.009 0.825 0.281 0.835 0.453 Not associated

XRCC1 399A>G

AA vs. (AG + GG) 76.46 0.005 1.001 0.908 1.126 0.553 Not associated

AA vs. AG 75.58 0.006 1.041 0.670 1.170 0.440 Not associated

AA vs. GG 53.73 0.090 0.903 0.568 0.879 0.669 Not associated

AG vs. GG 34.45 0.206 0.887 0.499 0.801 0.367 Not associated

(AA + AG) vs. GG 35.15 0.201 0.892 0.503 0.835 0.453 Not associated
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Similarly, for ERCC1 3′ UTR C > A, we could retrieve
genotype data for 879 cases and 1059 controls from two pre-
viously published eligible studies including the present study.
While the study by Ji et al. reported a significant association of
ERCC1 3′ UTR C >A substitution with male infertility [11],
Liu et al. reported a complete lack of association [38].
Corresponding to the study by Liu et al., the present case-

control study also reflected a lack of association. More studies
are however desired to reach any valid conclusion.

For XRCC1 399A > G, our case-control study and the
meta-analysis suggested a lack of correlation with male
infertility risk. Out of the three previously published stud-
ies, two reported a lack of association [7, 22]; however,
the other study by Zheng et al. reported that A can be

Fig. 2 Forest plot showing the odds ratio, p value, and direction of association between ERCC2 751A > C, ERCC1C >A 3′UTR, andXRCC1 399A>G
polymorphism and male infertility
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Fig. 3 Funnel plot of precision by log odds ratio showing the absence of publication bias in the dominant model
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considered as a risk allele for idiopathic azoospermia in
the northern Han Chinese population [4]. This study, how-
ever, carried the smallest sample size among pooled stud-
ies. Therefore, sample size may have affected the level of
association. We also performed trial sequential analyses to
validate the results of meta-analysis. TSA validated this
observation for sample size and power and suggested that
more studies are required to reach a valid conclusion.

In conclusion, AA genotype at the ERCC2 751A > C locus
confers a higher risk of infertility in comparison to CC geno-
type; however, XRCC1 399A > G, XRCC1 280G > A, and
ERCC1 C >A 3′ UTR substitutions do not correlate with id-
iopathic azoospermia. Since DNA repair is a complex process
involving a heterogeneous complex of proteins, some substi-
tutions may be dependent upon co-existing risk factors. For
example, a study evaluated the joint effects of XRCC1
399A >G and 280G >A polymorphisms and polycyclic aro-
matic hydrocarbon exposure on spermDNAdamage andmale
infertility. They concluded that 399A >G substitution in the
XRCC1 gene alone has a very mild effect on sperm DNA
damage and male infertility, while the effect can be increased
in the presence of polycyclic aromatic hydrocarbon exposure
[21]. Ethnicity-specific associations are another possibility.

For example, XRCC1, 399A > G, and 194C > T polymor-
phisms are significant risk factors in the Chinese population
[4]. As per our knowledge, this is the first study that assessed
the association of XRCC1 280G >A, ERCC1 3′ UTR C >A,
and ERCC2 751A > C polymorphisms with azoospermia risk.
The strength of the present study is the largest sample size
used to analyze the associations of these substitutions with
the risk of male infertility. The limitation of the present study
includes analysis of selected polymorphisms. Due to signifi-
cant ethnic variations, the Indian population may have other
polymorphisms in the DNA repair genes that correlate with
infertility risk. Therefore, further studies are required to estab-
lish a correlation between DNA repair gene polymorphisms
and infertility.
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