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Abstract: Backgrounds and Aims: Although a number of studies have been conducted on the association between 
GSTM1 polymorphism and age-related cataract (ARC), this association remains elusive and controversial. To assess 
the impact of GSTM1 polymorphism on the risk of ARC in the Chinese population, a meta-analysis was performed. 
Methods: Relevant studies were identified from PubMed, Springer Link, Ovid, Chinese Wanfang Data Knowledge 
Service Platform, Chinese National Knowledge Infrastructure (CNKI), and Chinese Biology Medicine (CBM) pub-
lished through July 19, 2015. The strength of the association between the GSTM1 null allele and risk of ARC was 
estimated by calculating odds ratios (ORs) and 95% confidence intervals (CIs). Results: A total of 6 studies includ-
ing 1062 ARC cases and 823 controls were involved in this meta-analysis. A non-significant association between 
GSTM1 null genotype and ARC was found among in overall and subgroup analyses stratified by geographical loca-
tion. In subgroups stratified by ethnicity, significantly increased risk of ARC with the GSTM1 null genotype was found 
among Chinese not mentioned the ethnicity (OR = 2.05 95% CI: 1.45-2.90), but not among Chinese Han (OR = 0.80, 
95% CI: 0.52-1.25). Conclusions: This meta-analysis showed that the GSTM1 null genotype may influence ARC risk 
in other ethnic Chinese, not Han people. Studies with larger sample sizes and wider spectrum of populations are 
warranted to verify this finding.
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Introduction 

Age-related cataract (ARC) is one of the leading 
causes of visual impairment and blindness 
among the elderly worldwide [1]. The global bur-
den of blindness due to ARC is increasing as a 
result of a growing elderly population [2]. It was 
estimated that 8.2 million blind people lived in 
China in 2010, accounting for 20.9% of the 
total blind population in the world [3]. Data 
from the National Bureau of Statistics of China 
indicate that the proportion of persons aged 60 
years and older will rise from 13.3% in 2010 to 
34% in 2050 [4]. So the eye disease has 
become a major public health challenge in 
China, especially with regard to ARC. 

ARC is a complex disease with a broad spec-
trum of risk factors including age, sex, smoking, 
exposure to sunlight, estrogen sufficiency or 

deficiency, cardiovascular factors, and genetic 
background [5]. Various studies have indicated 
a significant genetic component to ARC risk [6, 
7]. In recent years, several common low-pene-
trant genes have been identified as potential 
ARC susceptibility genes [8-11]. An important 
one is glutathione S-transferase (GST), which is 
one of the detoxification enzyme systems and 
plays important role in inactivating endogenous 
and exogenous toxic products under oxidative 
stress. The GST isoenzymes have been report-
ed to express classes, mu, theta, and pi, in 
human lens tissue [12]. Located on the chro-
mosome 1p13.3, the GSTM1 plays an impor-
tant role in the xenobiotics’ detoxification. The 
most common genotype of GSTM1 gene is 
homozygous deletion (null genotype), which has 
been suggested to be associated with the loss 
of enzyme activity, increased vulnerability to 
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cytogenetic damage and resulted in the 
increased susceptibility to many diseases, 
including ARC [13, 14]. An association between 
the GSTM1 polymorphism and ARC was first 
reported by Sekine et al. in Japanese [15]. 
Consequently, many studies sought to analyze 
the influence of the GSTM1 polymorphism on 
the risk for ARC, but no clear consensus has yet 
been reached. In order to lessen the influence 
of differing genetic backgrounds, we performed 
this meta-analysis to assess the relationship 
between the GSTM1 polymorphism and the risk 
for ARC in the Chinese population. We also per-
formed subgroup analyses, stratified by geo-
graphic location and ethnicity, to explore the 
possible effects of gene-environment interac-
tions with respect to the risk for ARC.

Materials and methods

Search strategy and selection criteria

We systematically searched PubMed, Springer 
Link, Ovid, Chinese Wanfang Data Knowledge 
Service Platform, Chinese National Knowledge 
Infrastructure (CNKI), and Chinese Biology 
Medicine (CBM) for studies published before 
July 15, 2015. The search was performed with-
out any restrictions on language and focused 
on studies conducted in humans. Besides, we 
also reviewed the reference lists of the relevant 
articles and performed searching based on 

Google scholar and Baidu 
scholar to identify additional 
studies. The following search 
keywords were used: (cata-
ract or age-related cataract or 
senile cataract or ARC) and 
(glutathione S-transferase or 
GST or GSTM1) and (Chinese 
or China or Taiwan). The crite-
ria used to select studies for 
this meta-analysis were as  
follows: (1) independent co- 
hort or case-control studies 
for human, (2) the outcome 
had to be ARC, (3) there had 
to be at least two comparison 
groups (ARC group vs control 
group), (4) provides the distri-
bution of GSTM1 polymor-
phism in patients and con-
trols, (5) all participants were 
Chinese. The reasons for 

Figure 1. Flow diagram of the litera-
ture search.

exclusion of studies were: (1) duplicate publica-
tions, (2) incomplete data, (3) no control, (4) 
meta-analyses, letters, reviews, or editorial 
articles.

Data extraction

The title and abstract of all potentially relevant 
articles were screened to determine their rele-
vance. Full articles were also scrutinized if the 
title and abstract were ambiguous. Information 
from all eligible publications was independently 
extracted by two authors. Discrepancies 
between the two authors were resolved by dis-
cussion, and if a consensus was not achieved, 
a decision was made by all the reviewers. The 
following data were extracted: the first author, 
publication year, source of controls, geographic 
area, ethnicity of study population, sample size, 
and GSTM1 polymorphism in cases and con-
trols. If data from any category were not report-
ed in the primary study, we did not contact the 
author to request the information. The categori-
zation of ethnicity comprised Han and other 
ethnic Chinese.

Statistical analysis

The strength of the association between the 
GSTM1 null allele and risk of ARC was mea-
sured by odds ratios (ORs) with 95% confidence 
intervals (95% CIs). The significance of the 
pooled OR was determined by the Z test. Given 
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that there was distribution of null/present het-
erozygote in only one study selected, the Hardy-
Weinberg equilibrium (HWE) test could not be 
conducted. Cochran’s Q-statistic was used to 
assess heterogeneity, indicated by a P < 0.10. 
The random-effects model was chosen to pool 
the ORs when significant heterogeneity was 

observed; otherwise the fixed-
effects model was used. 
Subgroup analyses were per-
formed to test whether the 
effect size varied by the geo-
graphic area and ethnicity. A 
sensitivity analysis was per-
formed to illustrate the  
accuracy and stability of the 
analytic results. Sensitivity 
analyses were conducted by 
deleting a single study each 
time involved in the meta-
analysis. All statistical analy-
ses were conducted using 
Stata version 10.0 (Stata 
Corp, College Station, Texas, 
United States). A two-sided P 
< 0.05 was considered statis-
tically significant.

Results

Description of included stud-
ies

A total of 54 articles that 
examined the association 
between GSTM1 polymor-
phism and risk of ARC were 
identified. After screening the 
titles and abstracts of these 
articles, 44 were excluded. Of 
the remaining 10 potentially 

Table 1. Characteristics of studies included in the meta-analysis

References Source of 
controls

Geographic 
location Ethnicity Cases 

number
Controls 
number

Cases Controls
Null 

genotype
Non-
null

Null 
genotype

Non-
null

Pi 1996 [20] PB Liaoning not stated 59 112 41 18 57 55
Hao 1999 [21] PB Beijing Han 77 76 41 36 35 41
Xu 2007 [22] PB Jiangxi not stated 120 118 81 39 60 58
Zhou 2010 [23] PB Jiangsu Han 279 145 171 108 95 50
Jiang 2012 [24] PB Anhui Han 422 312 176 246 173 139
Yan 2014 [25] PB Liaoning not stated 105 60 68 37 29 31
PB: population-based.

Figure 2. The forest plots of all selected studies on the association between 
GSTM1 polymorphism and ARC risk in Chinese (A: Meta-analysis; B: Cumula-
tive meta-analysis). Note: Weights are from random-effects analysis. Abbre-
viations: CI, confidence interval; OR, odds ratio.

relevant articles [16-25], two articles [16, 17] 
were excluded due to trinitrotoluene cataract, 
and three [18, 19] articles were excluded 
because they concerned subjects included in 
an expanded series [23]. The flow chart of study 
selection is shown in Figure 1. Finally, 6 case-
control studies [20-25] published between 
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tween the GSTM1 null geno-
type and risk for ARC is sta- 
tistically significant among 
Chinese not mentioned the 
ethnicity (OR = 2.05 95% CI: 
1.45-2.90), but not among 
Chinese Han (OR = 0.80, 95% 
CI: 0.52-1.25) (Table 2). 
Subgroup analyses by geo-
graphic location did not reveal 
any significant association 
between GSTM1 polymor-
phism and risk for ARC (Table 
2). A single study involved in 
the meta-analysis was delet-
ed each time to reflect the 
influence of the individual 
data-set to the pooled OR. For 
the overall analysis, the corre-
sponding pooled ORs were 

1996 and 2014 comprising 1062 ARC cases 
and 823 controls met the inclusion criteria. 
Four studies [20, 21, 24, 25] were performed in 
North China, and two studies [22, 23] were con-
ducted in South China. Three studies [21, 23, 
24] reported the same race (Chinese Han) and 
three studies [20, 22, 25] did not mention the 
ethnicity. The characteristics of the included 
studies are summarized in Table 1.

Quantitative data synthesis 

Overall analysis: There was evidence of 
between-study heterogeneity among all includ-
ed studies (χ2 = 31.26; P = 0.000). Therefore, 
the random-effects model was used in the 
overall analysis. The results showed that the 
pooled OR for ARC was 1.28 (95% CI: 0.77-

2.12) in Chinese patients 
with GSTM1 null genotype 
(Figure 2A). In addition, a 
cumulative meta-analysis 
showed a trend for a non-
association between the 
GSTM1 null genotype and 
risk of ARC in Chinese as 
data accumulated by pub-
lication year (Figure 2B). 

Subgroup and sensitivity 
analyses: In the subgroup 
analyses based on ethnic-
ity, the results showed  
that the association be- 

Figure 3. Sensitivity analysis on the association between GSTM1 polymor-
phism and ARC risk in Chinese. 

Table 2. Main results in the total and subgroup analyses

Subgroups n
Random-effect 

model
Fixed-effect 

model Heterogeneity

OR (95% CI) OR (95% CI) χ2 P
Total analysis 6 1.28 (0.77-2.12) 0.98 (0.81-1.18) 31.26 0.000
Geographic location
North China 4 1.30 (0.62-2.73) 0.89 (0.71-1.12) 22.82 0.000
South China 2 1.27 (0.54-3.02) 1.17 (0.85-1.62) 6.58 0.010
Ethnicity
Han 3 0.80 (0.52-1.25) 0.71 (0.57-0.89) 6.31 0.043
Not stated 3 2.04 (1.44-2.90) 2.05 (1.45-2.90) 0.06 0.968
OR: Odds ratio; CI: Confidence interval; North China includes Beijing, Liaoning Anhui; 
South China includes Jiangsu, Jiangxi.

not materially altered (Figure 3). Hence, the 
conclusion of this meta-analysis is relatively 
stable and credible for the overall analysis.

Discussion

This meta-analysis aimed to systematically 
summarize the epidemiological evidence for 
the association between GSTM1 null genotype 
and risk of ARC in Chinese. Six case-control 
studies with 1062 ARC cases and 823 controls 
were finally included in the meta-analysis. The 
results showed a non-significant association 
between GSTM1 polymorphism and ARC in 
overall and subgroup analyses stratified by geo-
graphical location. The finding from cumulative 
meta-analysis also showed that there was not a 
trend of more obvious association between 



GST and age-related cataract

3213	 Int J Clin Exp Med 2016;9(2):3209-3214

GSTM1 null genotype and risk of ARC in Chinese 
as data accumulated by publication year. 
Therefore, GSTM1 null genotype is not signifi-
cantly associated with increased risk of ARC in 
China. The findings from this meta-analysis pro-
vide new and strong epidemiological evidence 
for the association between GSTM1 null geno-
type and risk of ARC. Till date, two meta-analy-
ses were published to assess the association 
between the polymorphism of GSTM1 and ARC 
risk, but the existing evidence was still weak 
due to limited sample size in Chinese, ethnic 
difference or disagreements among the pub-
lished studies [26, 27]. To our knowledge, our 
study represented the first meta-analysis with 
a large sample size on the interaction of GSTM1 
variant with ARC in the Chinese population. 
Therefore, the present meta-analysis of all 
available case-control studies was conducted 
to shed some light on those inconsistent 
results.

The exact mechanism for the ethnic discrep-
ancy is uncertain but differences in underlying 
genetic backgrounds and social factors among 
different populations studied may be impor-
tant. Ethnically diverse subjects may have 
unique cultures and lifestyles that can contrib-
ute to different genetic characteristics and sus-
ceptibility to specific cataract. In this meta-
analysis stratified by ethnicity, significantly 
increased risk of ARC with the GSTM1 null gen-
otype was found in Chinese not mentioned the 
ethnicity. Therefore, the relationship between 
GSTM1 polymorphism and ARC might be sus-
ceptible in different ethnicity. We didn’t per-
form subgroup analysis on other ethnicity his-
tory, because of the lack of sufficient data. 

This study has some limitations. First was the 
small sample size, especially with regard to 
subgroup analyses, which increased the limita-
tion of statistical power. Hence, studies with 
larger sample sizes and with sufficient large 
subgroups would be warranted to verify our 
findings. Secondly, due to the limitations of fun-
nel plotting, which requires a range of studies, 
we did not evaluate publication bias in this 
meta-analysis. Third, the present meta-analy-
sis was based primarily on unadjusted effect 
estimates and confidence intervals and the 
confounding factors were not controlled. In 
spite of these limitations, our meta-analysis 
also had some advantages. First, we have fol-

lowed the inclusion and exclusion criteria strict-
ly to reduce possible selection bias. Second, 
our inclusion of non-English language reports, 
were important in minimizing a major potential 
threat to the validity of any meta-analysis-publi-
cation bias and the related threat of a language 
bias. Third, the sensitivity analysis had been 
performed to confirm the reliability and stability 
of this meta-analysis. Most of the important, 
impact of different genetic background was 
minimized by including the studies performed 
in the Chinese population only, which suggest-
ed that there was almost no significantly differ-
ent genetic background among the subjects. 
Therefore, the 6 studies would appear to be 
comparable in all respects relevant to our 
meta-analysis.

In conclusion, this meta-analysis indicated no 
significant association of GSTM1 polymorphism 
with ARC among the Chinese Han population. 
However, GSTM1 null genotype might contrib-
ute to individual susceptibility to ARC in other 
ethnic Chinese. To further evaluate gene-gene 
and gene-environment interactions on GSTM1 
polymorphism and ARC, larger studies in spe-
cific population with different environmental 
background or other risk factors are required. 
Such studies may eventually lead to have a bet-
ter, comprehensive understanding of the asso-
ciation between the GSTM1 polymorphism and 
ARC risk.
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