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Background: Several studies concerning the association between glutathione S-transferase P1 (GSTP1) Ile105Val polymorphism
and male infertility risk have reported controversial findings. The present study was aimed to explore this association using a
meta-analysis.

Methods: The PubMed, EMBASE, China National Knowledge Infrastructure (CNKI), and Wanfang databases were searched. Odds
ratios (ORs) with 95% confidence intervals (CIs) were calculated to estimate the strength of the association.

Results: A total of 3282 cases and 3268 controls in nine case-control studies were included. There was no significant association
between GSTP1 Ile105Val polymorphism and male infertility in the overall population, but significant associations were found under
the dominant (OR = 1.23, 95% CI = 1.04-1.46, I = 32.2%) and heterozygote (OR = 1.29, 95% CI = 1.08-1.53, I> = 26.8%) models
after excluding studies for which the data did not satisfy Hardy-Weinberg equilibrium (HWE). Similarly, subgroup analyses revealed
no significant association in Asians or Chinese population although a significant association was apparent among Chinese population
in studies with HWE under the heterozygote model (OR = 1.25, 95% CI = 1.03-1.52, I> = 44.1%). Significant heterogeneity could be
observed in some genetic models, but this heterogeneity was not significant when stratified by HWE. No evidence for publication bias
was found.

Conclusions: The GSTP1 Ile105Val polymorphism might not be associated with male infertility risk, and thus additional well-designed
studies with larger sample size are warranted.
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of environmental factors (e.g., exposure to chemicals) on
reproductive function.®

INTRODUCTION
Male infertility is a multifactorial and heterogeneous

condition that affects approximately 10—15% of the male
adult population worldwide. For nearly half of cases, the
cause of infertility is unknown (idiopathic male infertility).!"
It is widely accepted that many genetic and environmental
factors interact and are implicated in the impairment of
spermatogenesis and consequent infertility.’ Approximately,
30% of male infertility is due to genetic abnormalities
including chromosome aberrations, DNA damage, and
single gene mutations.”! Genome-wide association studies
(GWAS) have identified several susceptibility loci and >200
single nucleotide polymorphisms (SNPs) that have been
associated with oligozoospermia and/or azoospermia.>”!
Genetic polymorphisms can lead to different levels of
individual susceptibility to the potential adverse effects
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Glutathione S-transferases (GSTs) are an important
superfamily of Phase II multifunctional enzymes that
contribute to the detoxification of a wide variety of natural
and artificial compounds including chemotherapeutic
drugs, carcinogens, and various xenobiotics.”’ GSTs play
a central role in protecting cells against reactive oxygen
species (ROS), which are produced under oxidative and
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electrophile stresses.!'” Numerous epidemiological studies
have demonstrated that increased exposure to harmful
environmental substances is associated with decreased semen
quality and quantity and altered reproductive hormone levels
that contribute to male infertility.''"1? It has also been shown
that levels of ROS in spermatozoa and seminal plasma are
significantly higher in patients with idiopathic infertility
compared to that in healthy controls.!'*! Excessive ROS can
cause substantial oxidative damage to sperm through enzyme
inactivation, protein degradation, DNA fragmentation, and
lipid peroxidation, which results in defective spermatogenesis
and the consequent negative impact on fertility.l'*!*
Genetic-based alterations in GSTs activities might alter
their ability to detoxify potentially damaging agents and
hence increase the risk of disease development.!'! The three
GSTs GSTM1, GSTT1, and GSTP1 are the predominant
members of the GST family, and deletion of the gene encoding
GSTMI or GSTT1 or the polymorphism Ile105Val (rs1695)
of GSTP1 can impact the binding affinity of these enzymes
and/or reduce or eliminate cellular GST activity.!'"!8] The
gene encoding GSTP1 is located at 11q13, spanning nearly
2.8 kb and containing seven exons.'”’ GSTP1 plays a critical
role in the biotransformation and inactivation of toxic and
carcinogenetic electrophiles, especially those in cigarette
smoke” and also inhibits apoptosis and promotes cellular
proliferation through interacting with Jun N-terminal kinase
(JNK) pathway."?'?? The polymorphism Ile105Val in exon 5
of GSTP1 significantly alters the activity and heat stability
of the encoded enzyme, decreasing its ability to detoxify
environmental mutagens and protect against oxidative
damage to DNA. A number of studies have demonstrated
that this polymorphism is an important risk factor for
individual susceptibility to various diseases??* and is a
biomarker to predict the efficacy of chemotherapeutics for
certain diseases including cancer.l*”!

To date, several case-control studies have investigated the
association between the GSTP1 Ile105Val polymorphism
and risk of male infertility,!2¢3] but the results have
been inconclusive owing to the limitation of individual
studies, for example, relatively small sample size and/or
differences in patient populations, ethnicity, or genotyping
methods. Therefore, we carried out a systematic review and
meta-analysis of all available data to better assess the overall
effects of this polymorphism on male infertility risk.

MetHoDS

Literature search strategy

The meta-analysis was performed in accordance with
PRISMA guidelines.?¥ We conducted a comprehensive
literature search of the databases PubMed, EMBASE,
China National Knowledge Infrastructure (CNKI), and
Wanfang (updated as of September 10, 2016) for case-
control studies evaluating the relationship between GSTP1
Ile105Val and male infertility, using a combination of the
following search terms: (glutathione S-transferase P1 or
GSTP1 or GSTP1 Ile105Val or A313G or rs1695) plus

(polymorphism[s] or SNP[s] or variation or genotype[s])
plus (infertility or sterility or infecundity or sterile)
plus (male or men). Data for other potentially relevant
studies were also obtained by reviewing the references on
this topic listed in retrieved original and review articles. No
language or publication date restriction was applied in this
meta-analysis.

Selection criteria

Eligible studies were selected using the following inclusion
criteria: (1) they evaluated the association between GSTP1
Ile105Val and male infertility; (2) they were case-control
studies; and (3) they provided sufficient data concerning
genotypes and/or allele frequencies in both cases and
controls to estimate odds ratios (ORs) with corresponding
95% confidence intervals (CIs).

Data extraction

Two reviewers independently extracted the relevant
information from the identified studies, and disagreements
were discussed and resolved with consensus. The following
information was collected from each study: The first
author’s surname, year of publication, country in which the
study was performed, ethnicity, total number of cases and
controls, genotype distribution, allele frequencies, results
of Hardy-Weinberg equilibrium (HWE) test, and method
of genotyping test.

Quality score assessment

Two reviewers independently assessed the quality of the
included case-control studies using the Newcastle-Ottawa
Scale (NOS).B* The quality of each study was evaluated by
a “star” rating system (0-9 stars) based on three aspects of
the study, namely, selection, comparability, and exposure.
Studies with >7 stars were considered of high quality.

Statistical analysis

Deviation from HWE for each control group of the
included studies was examined by Chi-square tests. OR
values with 95% CIs were used to assess the strength
of association between GSTP1 Ilel05Val and male
infertility susceptibility. The significance for pooled
ORs was determined using the Z-test with P < 0.05
considered statistically significant. The ORs of the allele
(Val vs. Ile), recessive (Val/Val vs. Ile/Val + Ile/Ile), dominant
(Val/Val + Ile/Val vs. Ile/Ile), additive (Val/Val vs. Ile/lle),
and heterozygote (Ile/Val vs. Ile/Ile) models were calculated
by the fixed effects model or random effects model according
to the outcome of between-study heterogeneity detected
by Chi-square test based on the QO test. The fixed effects
model with Mantel-Haenszel method was used to estimate
the pooled ORs when heterogeneity was indicated to be
nonsignificant (P > 0.10 and > < 50%);5% otherwise, the
random effects model based on DerSimonian and Laird
method was more appropriate.’” Sensitivity was assessed
by sequentially excluding individual studies to assess the
stability and reliability of the results. A funnel plot and
Egger’s tests were applied to evaluate publication bias across
studies (a value of P < 0.05 was considered statistically
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significant). Subgroup analyses were conducted based on
ethnicity, HWE, and Chinese population subgroup. Data
were analyzed mainly using STATA version 12.0 (StataCorp
LP, College Station, Texas, USA).

ResuLts

Characteristics of studies

As shown in Figure 1, 83 published studies that matched
our predefined search strategy were identified after an
initial search. After removing duplicate publications and

Records identified from Additional records identified
database searching from other sources

(n=83) (n=0)

1 1

Records after duplicates removed
(n=136)

Records excluded after title and
abstract review (n =23)

Full-text articles assessed for eligibility
(n=13)

Studies further excluded (n = 4):
Not case-control study (7 = 2)

Not focus on the polymorphism of
151695 (n=1)
Reported on similar population (n=1)

Studies 1

Iuded in the final met Iysi
n=9)

Figure 1: Flow chart of the study selection process.

screening titles and abstracts, 13 candidate studies were
obtained. By reviewing full texts of these studies, four more
were rejected (two were not case-control studies,***? one
did not focus on the polymorphism of rs1695,% and two
reported on two similar populations).??#!! No additional
eligible studies were found through manual search of the
reference lists. Finally, nine case-control studies were
included in the meta-analysis, involving 3282 patients
with male infertility and 3268 controls; eight of the
included studies were conducted on the Asian population
(two from Iran and six from China), and the remaining study
was on the Caucasian population from Russia. The genotype
distributions of the controls in four studies were consistent
with HWE. Of not-in-HWE studies, three studies%3%3%I
did not mention HWE and two studies??®*! stated that the
genotype distributions were consistent with HWE but in fact
are not. In addition, all not-in-HWE studies did not explain
the effect of HWE on their conclusions. The results of the
NOS assessment yielded an average score of 7.4 (range, 5-9);
seven studies were regarded as high quality, whereas two
other studies were of slightly low quality (scored only
six stars for lack of detailed data for the study population
selection). Genotyping methods included polymerase chain
reaction-restriction fragment length polymorphism (PCR-
RELP) which was most commonly used in these studies,
MassArray, direct DNA sequencing, and TagMan assay.
Table 1 presents the characteristics of the included studies.

Table 1: Details of the individual studies included in the meta-analysis

Author (year) Country Case/control, n
(ethnicity) Numbers lle/lle lle/Val Val/Val Val allele (%)

Yarosh e al. (2015)B Russia (Caucasian) 203/227 90/117 96/85 17/25 130/135
Lakpour ez al. (2013)53 Iran (Asian) 95/26 95/26 0/0 0/0 0/0
Safarinejad et al. (2010)1!) Iran (Asian) 166/166 102/86 59/76 5/4 69/84
Zhou (2016)2" China (Asian) 386/441 233/280 141/145 12/16 165/177
Xiong et al. (2015)21] China (Asian) 479/234 249/146 221/83 9/5 239/93
Feng et al. (2015)2%) China (Asian) 216/198 137/141 47/43 32/14 111/71
Tang et al. (2014)P2 China (Asian) 246/117 167/85 79/32% NR
Lu (2013)2¢l China (Asian) 1255/717 728/393 78/56 449/268 976/592
Li et al. (2013)2 China (Asian) 236/142 156/90 73/45 717 87/59
Total 3282/3268 1957/1364 715/533 531/339 1777/1211
Author (year) Association of allele HWE (%/P) Score Genotyping

OR (95% CI) ) (NOS) method
Yarosh ef al. (2015)3 1.13 (0.83-1.49) 0.467 2.451/0.117 8 PCR-RFLP
Lakpour et al. (2013)833) NR NR NA 6 PCR-RFLP
Safarinejad et al. (2010)1!) 0.78 (0.54-1.11) 0.167 7.405/0.006 9 PCR-RFLP
Zhou (2016)2" 1.08 (0.85-1.37) 0.513 0.273/0.601 8 MassArray
Xiong et al. (2015)21) 1.34 (1.02-1.76) 0.034 3.031/0.082 8 PCR-RFLP
Feng et al. (2015)2) 1.58 (1.13-2.21) 0.007 13.598/<0.001 7 Sequencing
Tang et al. (2014)P2 NR NR NA 6 PCR-RFLP
Lu (2013)2¢1 0.91 (0.79-1.03) 0.139 504.588/<0.001 8 TagMan
Li et al. (2013)) 0.86 (0.60—1.25) 0.430 0.197/0.657 7 PCR-RFLP
Total 1.06 (0.97-1.15) 0.216

*The numbers of genotype distribution of Ile/Val + Val/Val in cases and controls. OR: Odds ratio; CI: Confidence interval; HWE: Hardy-Weinberg
equilibrium; NOS: Newcastle-Ottawa Scale; PCR-RFLP: Polymerase chain reaction-restriction fragment length polymorphism; NR: Not report;

NA: Not available.
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Association of glutathione S-transferase P1 lle105Val
polymorphism with male infertility risk

For the overall analyses, there was no significant association
between GSTP1 Ile105Val polymorphism and male infertility
in all the five genetic models [Table 2 and Figure 2a, 2c];
however, after excluding not-in-HWE studies, significant
associations were detected under dominant (OR =1.23, 95%
CI=1.04-1.46, I* = 32.2%) and heterozygote (OR = 1.29,
95% CI = 1.08-1.53, I* = 26.8%) models in the overall
population [Table 2 and Figure 2b, 2d]. For subgroup
analyses of Asians or Chinese population, the Ile105Val
polymorphism showed no association with male infertility,
whereas a significant association was found for the Chinese
population in studies with HWE under heterozygote model
(OR =1.25,95% CI = 1.03-1.52, I* = 44.1%) [Table 2].

Heterogeneity, sensitivity analysis, and publication bias
As shown in Table 2, significant between-study
heterogeneity (P < 0.1 or I* > 50%) was observed in
some genetic comparison models, but this heterogeneity
was not significant when stratified by HWE. Sensitivity
analysis revealed that the corresponding pooled OR

values were not significantly altered when one study at
a time was removed from the overall pooled data (data
not shown). Begg’s funnel plot and Egger’s test were
conducted to assess the publication bias of literature.
After combining the included studies, the results of
Begg’s funnel plot and Egger’s test showed no apparent
evidence of publication bias in any of the comparison
models [Figure 3].

Discussion

Male infertility is increasingly common, especially in
developed countries, mainly resulting from complicated
interactions between genetic and environmental factors.!
As a family of detoxifying and antioxidant enzymes, the
dysfunctions of GSTs have been shown to be involved
in the pathogenesis of various diseases.['®l Many studies
have suggested that genetic mutations in GSTs genes
might contribute to abnormal GST expression and are
likely associated with male infertility risk?'3!4! although
other studies reported contradictory results. A recent
meta-analysis conducted in 2012 showed that GSTM1

Table 2: Association between GSTP1 lle105Val polymorphism and male infertility risk

Comparison Population Number Test of association Heterogeneity
of studies — gp (95% cI) P Model P P(%)
Val versus Ile (allele) Overall 7 1.06 (0.90-1.26) 0.482 R 0.008 65.3
Overall in HWE 4 1.12 (0.97-1.29) 0.116 F 0.294 19.2
Asian 6 1.06 (0.87-1.29) 0.588 R 0.005 70.3
Asian in HWE 3 1.21 (0.96-1.32) 0.162 F 0.156 46.1
China 5 1.11 (0.90-1.38) 0.343 R 0.005 72.8
China in HWE 3 1.21 (0.96-1.32) 0.162 F 0.156 46.1
Val/Val versus Ile/Val + Ile/Ile (recessive) Overall 7 0.97 (0.82-1.14) 0.683 F 0.209 28.8
Overall in HWE 4 0.76 (0.51-1.16) 0.203 F 0.945 0
Asian 6 0.99 (0.83-1.17) 0.860 F 0.171 354
Asian in HWE 3 0.78 (0.46-1.34) 0.373 F 0.836 0
China 5 0.98 (0.83-1.17) 0.824 F 0.107 474
China in HWE 3 0.78 (0.46-1.34) 0.373 F 0.836 0
Val/Val + Ile/Val versus Ile/lle (dominant) ~ Overall 8 1.10 (0.91-1.34) 0.334 R 0.012 61.1
Overall in HWE 4 1.23 (1.04-1.46) 0.015 F 0.219 322
Asian 7 1.07 (0.87-1.33) 0.517 R 0.012 63.4
Asian in HWE 3 1.19 (0.89-1.58) 0.235 R 0.122 52.5
China 6 1.14 (0.92-1.41) 0.229 R 0.029 59.8
China in HWE 3 1.19 (0.89-1.58) 0.235 R 0.122 52.5
Val/Val versus Ile/lle (additive) Overall 7 0.96 (0.81-1.14) 0.644 F 0.223 26.9
Overall in HWE 4 0.86 (0.56-1.31) 0.472 F 0.879 0
Asian 6 0.97 (0.81-1.15) 0.701 F 0.148 38.7
Asian in HWE 3 0.84 (0.49-1.44) 0.525 F 0.719 0
China 5 1.06 (0.70-1.63) 0.773 R 0.087 50.8
China in HWE 3 0.84 (0.49-1.44) 0.525 F 0.719 0
Ile/Val versus Ile/Ile (heterozygote) Overall 7 1.06 (0.84-1.35) 0.619 R 0.011 63.7
Overall in HWE 4 1.29 (1.08-1.53) 0.005 F 0.251 26.8
Asian 6 1.01 (0.78-1.31) 0.951 R 0.015 64.6
Asian in HWE 3 1.25 (1.03-1.52) 0.026 F 0.167 44.1
China 5 1.09 (0.85-1.41) 0.499 R 0.054 57.0
China in HWE 3 1.25 (1.03-1.52) 0.026 F 0.167 44.1

GSTPI1: Glutathione S-transferase P1; OR: Odds ratio; CI: Confidence interval; HWE: Hardy-Weinberg equilibrium; R: Random effects model;

F: Fixed effects model.
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Figure 2: Forest plot of the glutathione S-transferase P1 lle105Val polymorphism associated with male infertility susceptibility in (a) the overall
population and (b) the overall population in studies with Hardy-Weinberg equilibrium under dominant model (Val/Val + lle/Val vs. lle/lle),
and (c) the overall population and (d) the overall population in studies with Hardy-Weinberg equilibrium under heterozygote model (lle/Val vs. lle/lle).

OR: 0dds ratio; C/: Confidence interval.
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Figure 3: Analysis of funnel plot asymmetry and publication bias for the associations between glutathione S-transferase P1 lle105Val
polymorphism and male infertility in the overall population under (a) dominant (Val/Val + lle/Val vs. lle/lle; P = 0.399) and (b) heterozygote

(lle/val vs. lie/lle; P = 0.367) models.

and GSTT1 null polymorphisms were associated with a
significantly increased risk of male infertility, whereas
the GSTPI1 Ile105Val polymorphism has a protective
effect against the development of male infertility.** For
GSTPI Ilel05Val polymorphism, however, there were
some limitations in this meta-analysis. First, only two
case-control studies comprising 231 cases and 196 controls
were included,?'#! and thus the sample size was very small
and the statistical power was relatively low. Second, of
the two included case-control studies, only one indicated

that the GSTP1 Ile105Val polymorphism might decrease
the risk of male infertility,*!! and the genotype distribution
of the control was not in agreement with HWE; for the
other study, no significant relation was found, and this
study which did not provide detailed data on genotyping
methods and HWE."*! Third, there was a significant
between-study heterogeneity. Moreover, many recent
studies have been published concerning the association
between the GSTP1 Ile105Val polymorphism and male
infertility risk.[2!-26-30.32.33]
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For the present meta-analysis, data for which were pooled
from nine case-control studies including 3282 cases
and 3268 controls, we systematically evaluated the
association between the GSTP1 Ile105Val polymorphism
and male infertility susceptibility. The results of the
overall analysis indicated that this polymorphism was
not significantly associated with male infertility although
significant associations were found under the dominant
and heterozygote models in the overall population after
excluding not-in-HWE studies. Similarly, analysis of
the Asian and Chinese population subgroups revealed a
nonsignificant association, but there was an increased risk
for the Chinese population in studies with HWE under the
heterozygote model. These findings contradict the results
of the recent meta-analysis that we discussed above.*”
Indeed, among the nine case-control studies in the current
meta-analysis, five studies?**"-23231 showed no association
between the Ile105Val polymorphism and male infertility,
and threel?'#3% reported an increased risk, whereas only
one studyP" suggested a decrease risk. The present study
revealed obvious between-study heterogeneity in several
genetic models. Significant between-study heterogeneity was
mild when not-in-HWE studies?2*3!33 were excluded in the
overall and subgroup analysis, suggesting that not-in-HWE
studies might contribute to the major source of heterogeneity.
Nevertheless, the observed positive associations between
this polymorphism and male infertility risk in the present
study should be interpreted with caution, and further studies
are needed to clarify these finding. This is a comprehensive
meta-analysis investigating the association between the
GSTPI Ilel105Val polymorphism and male infertility risk.
Similar to other meta-analyses, some limitations should
be noted. First, owing to the limited number of databases
searched, other relevant published studies or unpublished
studies with null results were not included, which might have
caused publication bias even though it was not observed in
the present study. Second, studies were conducted primarily
in the Asian populations (six from China and two from Iran)
and to a lesser extent in a single Caucasian population from
Russia. More studies involving a wider spectrum of subjects
should be carried out with different populations. Third,
there were small sample sizes and relatively few eligible
studies, particularly for the subgroup analysis. Although we
detected significant associations in the overall population
and Chinese population after excluding the not-in-HWE
studies, only four and three studies were included in the
statistical analysis, respectively. Furthermore, male infertility
is a heterogeneous disease with multifactorial etiology.
Yarosh et al.B% observed that the genotype combination
GSTP1 1051Ile/lle and GSTT1 null was associated with
decreased risk of male infertility, whereas the genotype
combination GSTP1 105 Ile/Val and GSTT1 was associated
with increased risk. However, we could not further evaluate
the gene-gene and gene-environment interactions or carry out
a haplotype analysis of the development of male infertility
because the original data for the eligible studies could not
be obtained.

In conclusion, the present meta-analysis suggests that the
GSTP1 Ile105Val polymorphism might not contribute to
risk of male infertility. Well-designed and larger studies of
populations with different ethnicities should be performed
to validate or refute the conclusions.
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