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Abstract
Background: Many studies have investigated the association between glutathione S-transferase T 1 (GSTT1)
null genotype and risk of prostate cancer, but the impact of GSTT1 null genotype in Asians is still unclear owing
to inconsistencies across results. Thie present meta-analysis aimed to quantify the strength of the association
between GSTT1 null genotype and risk of prostate cancer. Methods: We searched the PubMed, Embase and
Wangfang databases for studies of associations between the GSTT1 null genotype and risk of prostate cancer in
Asians and estimated summary odds ratio (OR) with their 95% confidence interval (95% CI). Results: A total
of 11 case-control studies with 3,118 subjects were included in this meta-analysis, which showed the GSTT1
null genotype to be significantly associated with increased risk of prostate cancer in Asians (random-effects OR
= 1.49, 95% CI 1.15-1.92, P = 0.002), also after adjustment for heterogeneity (fixed-effects OR = 1.45, 95% CI
1.23-1.70, P < 0.001). No evidence of publication bias was observed. Conclusions: This meta-analysis of available
data suggested the GSTT1 null genotype does contribute to increased risk of prostate cancer in Asians.
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Introduction
Prostate cancer is one of the most frequently diagnosed
malignancies a common cause of cancer mortality in
men (Jemal et al., 2011). In developed countries, prostate
cancer is the second most frequently diagnosed cancer,
and the third most common cause of death from cancer
in men (Damber and Aus, 2008). Identifying risk factors
for prostate cancer is critically important to develop
potential interventions and to expand our understanding
of the biology of this disease (Foulkes, 2008; Hoffman,
2011). Despite the fact that the complex etiology of
prostate cancer remains obscure, various risk factors
play an important role in prostate cancer development
such as advanced age, environmental variations, and
genetic variations (Foulkes, 2008; Hoffman, 2011). The
Glutathione S-Transferases (GSTs) are the most important
family of phase II isoenzymes known to detoxify a variety
of electrophilic compounds, including carcinogens,
chemotherapeutic drugs, environmental toxins, and DNA
products generated by reactive oxygen species, chiefly by
conjugating them with glutathione (Hayes et al., 2005).
In addition to this role in phase II detoxification, GSTs
are able to modulate the induction of other enzymes
and proteins important for cellular functions, such as
DNA repair (Hayes et al., 2005). The Theta class of
GSTs is encoded by the GSTT1 gene, which is mapped
to chromosome 22q11.23 and contains six exons
(Hayes et al., 2005). Among the numerous GST genes,

GSTT1 polymorphism has been extensively examined
in association with risk of various diseases (Hayes and
Strange, 2000). The most common variant of GSTT1
gene is homozygous deletion (null genotype), which has
been suggested to be associated with the loss of enzyme
activity, increased vulnerability to cytogenetic damage and
oxidative DNA damage and resulted in the susceptibility to
prostate cancer (Hayes and Strange, 2000). Many studies
have investigated the association between GSTT1 null
genotype and risk of prostate cancer, but the impact of
GSTT1 null genotype on prostate cancer in Asians was
still unclear owing to the obvious inconsistence among
those studies (Murata et al., 2001; Nakazato et al., 2003;
Mittal et al., 2004; Komiya et al., 2005; Srivastava et al.,
2005; Kwon et al., 2011). This study aimed to quantify
the strength of association between GSTT1 null genotype
and risk of prostate cancer.

Materials and Methods
Search strategy
We conducted a comprehensive search of the PubMed,
Embase and Wangfang databases from its inception
through January 2012. We combined search terms for
GSTT1 polymorphism and CHD. Search terms included
GSTT, GSTT1, glutathione S-transferase T1; and prostate
cancer. There was no language limitation. The retrieved
studies were manually screened in their entirety to assess
their appropriateness for eligibility criteria. All references
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cited in the studies were also reviewed to identify
additional published articles not indexed in the common
database.
Study eligibility
Eligibility criteria included the following: (i) Case–
control design with the genotyping of men with and
without prostate cancer; (ii) provided information on
genotype frequency. In studies with overlapping cases
or controls, the most recent and/or the largest study
with extractable data was included in the meta-analysis.
Studies investigating progression, severity, phenotype
modification, response to treatment, or survival were
excluded from this review. Genome scans investigate
linkages and were also excluded. In addition, familybased association studies were excluded because they use
different study designs.
Data extraction
Two investigators independently extracted data, and
disagreements were resolved through consensus. The
extracted data included the year of publication, ethnicity of
the study population, inclusion criteria for prostate cancer
patients and normal controls, demographics, matching,
clinical status of controls, genotyping method, and the
genotype distribution of cases and controls for the GSTT1
polymorphism. The frequencies of GSTT1 null genotype
were extracted or calculated for cases and controls. All
data were extracted from published articles, and we did
not contact individual authors for further information.
Statistical analysis
We calculated the overall odds ratio (OR) with the
corresponding 95% confidence interval (CI) to asses the
strength of the association between GSTT1 null genotype
and risk of prostate cancer. The significance of the pooled
OR was determined by the Z test and a p value of less
than 0.05 was considered significant. In our study, two
models of meta-analysis for dichotomous outcomes were
conducted: the random-effects model and the fixed-effects
model (Mantel and Haenszel, 1959; DerSimonian and
Laird, 1986). The random-effects model was conducted
using the DerSimonian and Laird’s method, which
assumed that studies were taken from populations with
varying effect sizes and calculated the study weights both
from in-study and between-study variances (DerSimonian
and Laird, 1986). The fixed-effects model was conducted
using the Mantel-Haenszel’s method, which assumed that
studies were sampled from populations with the same
effect size and made an adjustment to the study weights
according to the in-study variance (Mantel and Haenszel,
1959). To assess the between-study heterogeneity more
precisely, both the chi-square based Q statistic test
(Cochran’s Q statistic) to test for heterogeneity and the I2
statistic to quantify the proportion of the total variation due
to heterogeneity were calculated (Cochran, 1954; Higgins
et al., 2003). The I2 index expressing the percentage of
the total variation across studies due to heterogeneity was
calculated to assess the between-study heterogeneity. I2
values of 25%, 50%, and 75% were used as evidence
of low, moderate, and high heterogeneity, respectively
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(Higginset al., 2003). If moderate or high heterogeneity
existed, the random-effects model was used to pool the
results; otherwise, the fixed-effects model was used to
pool the results when I2 value was less than 50%. Besides,
Galbraith plot was also used to spot the outlier as the
possibly major source of between-study heterogeneity
(Galbraith, 1988). To validate the credibility of outcomes
in this meta-analysis, sensitivity analysis was performed
by sequential omission of individual studies or by omitting
studies without high quality (Tobias, 1999). Publication
bias was investigated by Begg’s funnel plot, in which the
standard error of logor of each study was plotted against
its logor, and an asymmetric plot suggested possible
publication bias (Stuck et al., 1998). In addition, funnelplot’s asymmetry was assessed by the method of Egger’s
linear regression test (Egger et al., 1997). All analyses
were performed using STATA version 12.0 (StataCorp LP,
College Station, Texas). A P value < 0.05 was considered
statistically significant, except where otherwise specified.

Results
Study selection
With our search criterion, 67 individual records were
found, and 11 studies with a total of 3,118 subjects were
finally included into this meta-analysis (Murata et al.,
2001; Nakazato et al., 2003; Mittal et al., 2004; Komiya et
al., 2005; Srivastava et al., 2005; Mittal et al., 2006; Yang
et al., 2006; Ashtiani et al., 2011; Kumar et al., 2011; Kwon
et al., 2011; Thakur et al., 2011). All included studies were
English language literature. Among these 11 case-control
studies, 6 (75.0%) were from India (Mittal et al., 2004;
Srivastava et al., 2005; Mittal et al., 2006; Ashtiani et
al., 2011; Kumar et al., 2011; Thakur et al., 2011), and 3
(12.5%) were from Japan (Murata et al., 2001; Nakazato
et al., 2003; Komiyaet al., 2005), 1 from Korea (Kwon
A
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Figure 1. Forest Plots Showed Obvious Association
Between GSTT1 Null Genotype and Prostate Cancer.
(A) Analysis of total 11 studies. (B) Analysis of 9 studies after
adjustment for heterogeneity
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Figure 2. Galbraith Plot for the Association Between
GSTT1 Null Genotype and Prostate Cancer Risk

Figure 3. Begg’s Funnel Plots for Assessing the
Publication Bias Risk (P Egger = 0.268)
et al., 2011) and 1 from China (Yang et al., 2006). The
number of cases varied from 54 to 186, with a mean of
119, and the numbers of controls varied from 46 to 327,
with a mean of 164.
Main results
There was obvious between study heterogeneity
among those total 11 studies (I2 = 62.0%), thus the randomeffects model was used to pool data. Meta-analysis showed
that GSTT1 null genotype was obviously associated with
increased risk of prostate cancer in Asians (random-effects
OR = 1.49, 95% CI 1.15-1.92, P = 0.002) (Figure 1-A).
Sensitivity analyses by omitting those studies also did not
materially alter the overall combined ORs.
For meta-analysis of total studies, two studies (Mittal et
al., 2004; Ashtiani et al., 2011) were spotted by Galbraith
plot as possible major sources of heterogeneity (Figure 2).
There was no obvious between study heterogeneity among
those remained 9 studies (I2 = 1.2%), thus the fixed-effects
model was used to pool the ORs. Meta-analysis showed
GSTT1 null genotype was associated increased risk of
prostate cancer in Asians (fixed-effects OR = 1.45, 95%
CI 1.23-1.70, P < 0.001) (Figure 1-B). Sensitivity analyses
by omitting those studies also did not materially alter the
overall combined ORs.
Publication bias
Begg’s funnel and Egger’s test were performed
to access the publication bias in this meta-analysis.
Funnel plots’ shape did not reveal obvious evidence of
asymmetry, and the P value of Egger’s test was 0.268
(>0.05), providing statistical evidence of funnel plots’
symmetry (Figure 3). Thus, the results above suggested
that publication bias was not evident in this meta-analysis.

Previous studies investigating the association
between GSTT1 polymorphism and prostate cancer
risk provided inconsistent results, and most of those
studies involved no more than a few hundred prostate
cancer cases, which were too few to assess any genetic
effects reliably. Meta-analysis has been recognized as
an important tool to more precisely define the effect of
100.0
selected genetic polymorphisms on risk of disease and to
identify potentially important sources of between-study
heterogeneity (Petitti, 2000; Attia et al., 2003). Hence,
to provide the most comprehensive assessment of the
75.0
association between GSTT1 null genotype and prostate
cancer risk in Asians, we performed this meta-analysis
of all available studies. At last, we performed this metaanalysis by critically reviewing 11 individual case-control50.0
studies with a total of 3,118 subjects. Meta-analysis of total
11 studies showed GSTT1 null genotype was obviously
associated with increased risk of prostate cancer in Asians25.0
(random-effects OR = 1.49, 95% CI 1.15-1.92, P = 0.002).
After adjustment for heterogeneity, meta-analysis showed
GSTT1 null genotype was associated increased risk of
prostate cancer in Asians (fixed-effects OR = 1.45, 95% CI 0
1.23-1.70, P < 0.001). No evidence of publication bias was
observed. Thus, meta-analyses of available data suggest
the GSTT1 null genotype contributes to increased risk of
prostate cancer in Asians.
Heterogeneity is a potential problem when interpreting
the results of all meta-analyses, and finding of the sources
of heterogeneity is one of the most important goals of
meta-analysis (Ioannidis et al., 2007). In this present metaanalysis, we found obvious heterogeneity in the metaanalysis of total 11 studies (I2 = 62.0%). Studies with low
quality design usually don’t exclude those possible factors
that may bias the estimate of the real effects, and may
result in incorrect conclusions (Attia et al., 2003; Ioannidis
et al., 2007; Guyatt et al., 2011). Since the findings from
studies with low quality design often deviate obviously
from that from studies with high quality design, Galbraith
plot was used to spot the outliers as the possible studies
with low quality design and sensitivity analysis was further
performed by omitting studies potted by Galbraith plot’s
method as the outliers. or meta-analysis of total studies,
two studies (Mittal et al., 2004; Ashtiani et al., 2011) were
spotted by Galbraith plot as possible major sources of
heterogeneity (Figure 2). There was no obvious between
study heterogeneity among those remained 9 studies (I2 =
1.2%), and meta-analysis showed GSTT1 null genotype
was associated increased risk of prostate cancer in Asians
(fixed-effects OR = 1.45, 95% CI 1.23-1.70, P < 0.001).
Thus, the outcomes above provide further evidence for the
association between GSTT1 null genotype and increased
risk of prostate cancer in Asians.
GSTs are the most important family of phase II
isoenzymes known to detoxify a variety of electrophilic
compounds, including carcinogens, chemotherapeutic
drugs, environmental toxins, and DNA products generated
by reactive oxygen species, chiefly by conjugating them
with glutathione (Hayes et al., 2005). In addition to this
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role in phase II detoxification, GSTs are able to modulate
the induction of other enzymes and proteins important for
cellular functions, such as DNA repair (Hayes et al., 2005).
GSTT1 null genotype has been suggested to be associated
with the loss of enzyme activity, increased vulnerability
to cytogenetic damage and oxidative DNA damage and
resulted in the susceptibility to prostate cancer (Hayes and
Strange, 2000). Thus, there is obvious biological evidence
for the association between GSTT1 null genotype and the
susceptibility to prostate cancer.
Some possible limitations in this meta-analysis should
be acknowledged. Firstly, the eligibility criteria for
inclusion of controls were different from each other. The
controls in some studies were selected from asymptomatic
healthy individuals, while the controls in other several
studies were selected from non-cancer individuals.
Additionally, misclassification bias was possible. For
example, most studies could not exclude latent prostate
cancer cases in the controls. Finally, gene-environmental
and gene-gene interactions were not fully addressed in
this meta-analysis for the lack of sufficient data. Further
studies can assess the possible gene-environmental and
gene-gene interactions in the association between gene
polymorphisms and prostate cancer risk.
Despite of those limitations, this meta-analysis
suggests GSTT1 null genotype contributes to increased
risk of prostate cancer in Asians. Further studies are
needed to further assess the possible gene-environmental
or gene-gene interactions in the association between gene
polymorphisms and prostate cancer risk.
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