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Purpose: To determine the role of glutathione S-transferases (GSTs; GSTM1, GSTT1, and GSTP1) 
gene polymorphisms in susceptibility to male factor infertility.

Materials and Methods: We report a pooled analysis of 11 studies on the association of GSTM1, 
GSTT1, and GSTP1 polymorphisms and male factor infertility, including 1323 cases and 1054 
controls. 

Results:
P = .003], GSTT1 null genotype 

P

P = .26). 

Conclusion: These results demonstrated that amongst populations studied to date, GSTM1 and 
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INTRODUCTION

Wfrom primary or secondary infertility.(1) The 
cause of infertility is still not determined in 

infertility.(2)

(3) -
plicated.(4)

number of male infertility is due to gene mutations and 
single-nucleotide polymorphisms (SNP).
An increasing number of studies are determining the as-

(9-12)

implication. By determining the underlying genetic basis 

-
ity and genetic polymorphisms of GST genes. 
Gene and Gene Function

a superfamily of multifunctional enzymes that detoxify 
products of oxidative stress, environmental substances, 
and reactive electrophiles.(13,14) Glutathione S-transferases 
also inactivate carcinogens by catalyzing the conjugation 
of electrophiles to glutathione.(15) DNA damage due to en-
dogenously formed lipid peroxidase can be prevented by 
GSTs.(16)

GST isoenzymes have been assigned to eight separate 
classes, including  (Alpha), μ (Mu),  (Ome-
ga),  (Pi),  (Sigma),  (Theta), and 
encoded by the GSTA, GSTM, GSTK, GSTO, GSTP, 
GSTS, GSTT, and GSTZ genes, respectively. -
dition, each class includes several genes and isoenzymes.
(19) Polymorphisms have been reported in the GSTM1, 
GSTT1, and GSTP1 genes coding for GSTs enzymes in 
the Mu, Theta, and Pi classes, respectively.

on chromosome 1p13.3.(20) GSTM1 has a common func-
tional variant (null versus present). The frequency of this 

-
ulation studied.(21)

of the GSTM1 locus have no enzymatic functional activity 
of the cytosolic enzyme GST-μ.(22) The homozygous dele-

(23-25) 

The human Theta class of GSTs (GSTT) is comprised of 
-

cated on chromosome 22q11.(26) The polymorphism in the 
GSTT1 gene loci is also caused by a gene deletion and 
brings about in virtual absence of enzyme activity in per-

(27)

both GSTT1 null genotype(23,24) and nondeletion genotype 
of the GSTT1 gene has also been reported.

(29)

gene. A single-nucleotide polymorphism at position 313 in 
(30) The 

resulting isoleucine to valine substitution in codon 105 of 
105 105

activity.(31) Another SNP at codon 114 leads to alanine 
-

ference in catalytic activity.(32)

(23) But in a study 

(33) 

GST and Male Infertility Risk
Excessive reactive oxygen species (ROS) have been sug-
gested to be one of the major contributory factors resulting 
in male infertility via oxidative DNA damages.(34) Glu-
tathione S-transferase is one of the human defense mecha-
nisms opposing the deleterious effects of oxidative stress.
(35) Glutathione S-transferases gene polymorphisms could 
impair the capability of defense against oxidative stress 
and result in the development of some cancers.(36) One of 
the determinant factors of susceptibility of spermatozoa to 
oxidative damage is GSTM1 polymorphism.(25) DNA frag-
mentation in human sperm can be modulated by GSTM1 
gene polymorphism.(37)

Objective
There have been various studies in the literature regarding 
the association of GST (M1, T1, and P1) polymorphisms 

 (Table 1). There is sig-
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to determine the overall effect of GST (M1, T1, and P1) 

MATERIALS AND METHODS
Data Collection

-
ciation of GST polymorphisms (GSTM1, GSTT1, and 

the search terms of “GST OR Glutathione S-transferase 
AND polymorphism OR polymorphisms AND variant OR 
variants AND infertility OR infertile AND male”, yielding 
11 results. 
Statistical Analysis

using unconditional logistic regression model, including 

-
P -

ed using ORs from the individual included studies. To as-

-

-

RESULTS
The results of the pooled analysis are summarized in Ta-

-

P = .003), GSTT1 null genotype (OR, 
P = .02), and male infer-

-

Table 1. Summary of published studies on the association between GSTM1, GSTT1, and GSTP1 polymorphisms and male infertility.

First author (Ref no.) Publication year Cases Controls Country Ethnicity Studied gene(s)

Tang (33) 2012 65 30 China Asian GSTM1, GSTT1, GSTP1

Safarinejad(23) 2010 166 166 Iran Asian GSTM1, GSTT1, GSTP1

Tirumala(40) 2010 42 43 India Asian GSTM1

Polonikov(28) 2010 203 227 Russia Caucasian GSTM1, GSTT1

Ichioka(41) 2009 274 101 Japan Asian GSTM1, GSTT1

Wu(42) 2009 63 54 China Asian GSTT1

Finotti(24) 2009 128 105 Brazil Caucasian GSTM1, GSTT1

Aydos(38) 2009 110 105 Turkey Caucasian GSTM1

Wu(43) 2008 78 103 China Asian GSTT1

Aydemir(25) 2007 52 60 Turkey Caucasian GSTM1

Chen(39) 2002 142 60 China Asian GSTM1
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P = 
.007) and GSTT1 null genotype (P = .02). No evidence of 

P
= .62) nor for the GSTM1 genotype (P = .24).
On the other hand, GSTP1 polymorphism had overall 
protective effect against development of male infertility, 

P

P

GSTP1 (P P
= .12). 
The sensitivity analysis demonstrated that exclusion of 

(33) -
sociates(41) from the analysis decreased the evidence of 
heterogeneity (GSTM1: P = .02; GSTT1: P = .04; and 

GSTP1: P = 1.0). After performing sensitivity analysis, 

null genotype (P P = 

null genotype (P = .04). 
-

-

-
P = 

Trend P

Table 2. Association between GSTM1 and male infertility in the
pooled analysis.

Genotype Adjusted Odds Ratio* Trend P

Overall .003

Present 1.00 (Ref )

Null 2.47 (1.72 to 3.84)

Never smoker .004

Present 1.00 (Ref )

Null 2.21 (1.52 to 3.57)

Ever smoker .002

Present 1.00 (Ref )

Null 2.88 (1.91 to 4.16)

Infertility .002

Present 1.00 (Ref )

Null 2.71 (1.84 to 3.92)

*Odds Ratios are adjusted for study, age, race, and smoking 
history.

Table 3. Association between GSTT1 and male infertility in the
pooled analysis.

Genotype Adjusted Odds Ratio* Trend P

Overall .02

Present 1.00 (Ref )

Null 1.54 (1.43 to 3.47)

Never smoker .03

Present 1.00 (Ref )

Null 1.36 (1.57 to 3.12)

Ever smoker .01

Present 1.00 (Ref )

Null 1.72 (1.63 to 3.74)

Infertility .01

Present 1.00 (Ref )

Null 1.68 (1.57 to 3.69)

*Odds Ratios are adjusted for study, age, race, and smoking 
history.
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to 3.12; Trend P
3.74; Trend P -

-
types in both the analysis restricted to the homogeneous 
studies and in the full-pooled analysis. 

DISCUSSION
This pooled analysis, containing 1054 controls and 1323 
cases from 11 studies, demonstrates an overall association 

-

-

and GSTM1 and GSTT1 null genotypes. The direction of 
the interaction is the same to the expected effect.
Strength of our pooled analysis is that the collection of 

-

has advantages over meta-analysis.(44) Meta-analysis al-
-

-
-
-

(45) 

(46) and being 
(47) 

-
-

Asian populations(23,33,39-43)

Table 4. Association between GSTP1 and male infertility in the
pooled analysis.

Genotype Adjusted Odds Ratio* Trend P

Overall .002

Ile/Ile 1.00 (Ref )

Ile/Val 0.48 (0.27 to 0.77) 

Val/Val 1.81 (0.34 to 7.85)

Ile/Val or Val/Val 0.52 (0.31 to 0.81)

Never smoker .03

Ile/Ile 1.00 (Ref )

Ile/Val 0.52 (0.33 to 0.80)

Val/Val 1.84 (0.37 to 7.42)

Ile/Val or Val/Val 0.58 (0.38 to 0.87)

Ever smoker .01

Ile/Ile 1.00 (Ref )

Ile/Val 0.50 (0.31 to 0.79)

Val/Val 1.82 (0.35 to 37.66)

Ile/Val or Val/Val 0.54 (0.34 to 0.84)

Infertility .01

Ile/Ile 1.00 (Ref )

Ile/Val 0.54 (0.37 to 0.81)

Val/Val 1.80 (0.41 to 7.12)

Ile/Val or Val/Val 0.57 (0.36 to 0.86)

* Odds Ratios are adjusted for study, age, race, and smoking 
history.
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-

GSTP1 polymorphisms and male infertility in ethnicities 

genotypes and male infertility.

CONCLUSION

and GSTP1 polymorphisms and male factor infertility, and 
-
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