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Glutathione-S-transferase gene polymorphisms
(GSTM1, GSTT1, GSTP1) and idiopathic male
infertility: novel perspectives versus facts
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In this issue of the Journal of Human
Genetics, Safarinejad et al.1 present an

original case–control study globally assessing
glutathione-S-transferase gene polymorphi-
sms (GSTM1 present/null, GSTT1 present/
null, GSTP1 Ile105Val) in the context of
idiopathic male infertility. This study is the
first to address the potential involvement of
the GSTP1 Ile105Val polymorphism in idio-
pathic male infertility; among the original
aspects of the study the synergistic effects
that the authors suggested between the afore-
mentioned three polymorphisms are worth
acknowledging. Specifically, Safarinejad et al.1

suggested a positive association between male
infertility and GSTM1 null genotype, GSTT1
null genotype and GSTP1 Ile/Ile status, which
seem to mutually potentiate the effects of
each other.

Under the light of the findings presented
by Safarinejad et al.1 we performed a meta-
analysis of the existing literature on the
association between idiopathic male inferti-
lity and GSTM1 and GSTT1 polymorphisms.
The meta-analysis was performed so as to
explore whether the results reported by
Safarinejad et al.1 are reproducible at the
meta-analytical level. Eligible articles were
identified by a search of MEDLINE bib-
liographical database for the period up to
15 June 2010 using combinations of the
following keywords: ‘glutathione’, ‘GSTM1’,
‘GSTT1’, ‘polymorphism’, ‘genotype’, ‘idio-
pathic’, ‘male infertility’, ‘men’. Language

restrictions were not used and two investiga-
tors (KPE and TNS), working independently,
searched the literature and extracted data
from each eligible case–control study. On
the basis of the genotype frequencies in
cases and controls, crude odds ratios (OR)
and their s.e. were calculated. The ORs per-
tained to (i) null genotype carriers vs present
(positive) genotype carriers concerning
GSTM1, (ii) null genotype carriers vs present
(positive) genotype carriers concerning
GSTT1. After the assessment of heterogeneity,
the random effects (DerSimonian Laird)
model was used to calculate the pooled
ORs. Between-study heterogeneity and
between-study inconsistency were assessed
by using Cochran Q-statistic and by estimat-
ing I2, respectively. Evidence of publication
bias was determined using Egger’s formal
statistical test and by visual inspection of
the funnel plot. For the interpretation of
Egger’s test, statistical significance was
defined as Po0.1. In addition, sensitivity
analysis excluding studies on Chinese subjects
was performed so as to obtain an estimate
pertaining to Caucasian populations. Meta-
analysis was performed using the STATA 10.0
‘metan’ command (STATA, College Station,
TX, USA).

Out of the 168 abstracts retrieved through
the search criteria, 161 were irrelevant and
one was excluded as a case-only study.2

Six case–control studies1,3–7 were eligible
concerning GSTM1 genotype (912 male
infertility cases, 859 controls) and five case–
control studies1,4,6–8 were eligible concerning
GSTT1 genotype (862 male infertility cases,
755 controls). All studies were conducted on
Caucasian subjects except for one6 in the case

of GSTM1 polymorphism and two6,8 in the
case of GSTT1 polymorphism.

GSTM1 null genotype was associated with
male infertility only at a borderline level
of significance (pooled OR¼1.28, 95% con-
fidence interval, CI: 0.96–1.70, P¼0.09,
Figure 1a). In contrast, GSTT1 null genotype
was not associated with male infertility
(pooled OR¼0.98, 95% CI: 0.50–1.89,
P¼0.94, Figure 1b). At the sensitivity analysis,
the borderline association implicating
GSTM1 null genotype status vanished
(pooled OR¼1.31, 95% CI: 0.92–1.85,
P¼0.14), whereas the null association con-
cerning GSTT1 was replicated (pooled
OR¼0.58, 95% CI: 0.16–2.14, P¼0.42).
Despite the low power of the Egger’s test,
marginal publication bias was observed in the
case of GSTT1 polymorphism (P¼0.10), but
not in the case of GSTM1 polymorphism
(P¼0.60). Summarizing the above, it can be
shed that the results by Safarinejad et al.1 do
not seem reproducible at the meta-analytical
level for the time being. As a result, further
studies with substantially larger sample size
seem mandatory in order to yield a clear
picture of this controversial field.

Although the study by Safarinejad et al.1

may open interesting perspectives in the
understanding of male infertility, a variety of
notions seem worth commenting. Safarinejad
et al.1 have portrayed the Ile allele as a risk
factor for male infertility; this suggestion may
seem of questionable importance due
to a variety of reasons. First, the Ile allele is
by far more prevalent than the Val allele
in the human population; it seems worth
asking how the infertility-generating Ile allele
became more frequent in the male population
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as the principles of evolutionary genetics dic-
tate that such alleles should become extinct in
the successive generations. Indeed, close com-
parative inspection of the OR and 95% CI of
the double null (GSTM1, GSTT1) status and
triple variant (GSTM1, GSTT1, GSTP1) status,
that is, 2.92 (1.57–5.54) and 4.45 (1.59–12.24),
reveals significant overlapping of confidence
limits. In other words, the role of GSTP1
Ile105Val may still remain a controversial
issue. At any case, the fact that GSTP1 Ile/Ile
did not differ from GSTP1 Val/Val (P¼0.47)
indicates that the described effect was rather
surprisingly due to heterozygous carriers. The
functional relevance of this finding remains
elusive and dictates that larger studies should
be performed, as the study by Safarinejad et al.
has only included nine Val/Val subjects. Never-
theless, it should be kept in mind that recent
meta-analyses on the field of cancer9,10 have
pointed to the Val allele as a risk factor for
carcinogenesis, and have not supported any
aggregating effect of Ile/Ile genotype.

In conclusion, Safarinejad et al.1 have opened
a debate regarding the relevance of GSTP1
Ile105Val status in male infertility. Given the
aforementioned arguments and the results of the
present meta-analysis, we point to the need for
accumulation of data regarding GSTM1, GSTT1
and GSTP1 polymorphisms; any definitive con-
clusions for the time being would be premature.
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Figure 1 Forest plot for the overall association between (a) null GSTM1 genotype, (b) null GSTT1 genotype and idiopathic male infertility. Each study is

shown by the point estimate of the odds ratio (OR) (the size of the square is proportional to the weight of each study) and 95% confidence interval (CI) for

the OR (extending lines); the pooled OR and 95% CI have been appropriately derived from random effects model. The study ID consists of the last name of

the first author of the study and a parentheses including the year of publication and the proportion of null genotype status of idiopathic male infertility

patients versus the proportion of null genotype status of controls.
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