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Abstract: The aim of this meta-analysis was to evaluate
whether there was an association between glutathione
S-transferase M1(GSTM1)gene polymorphism and Par-
kinson’s disease (PD) susceptibility by pooling published
data.

We performed comprehensive electronic database
search for articles published between February12,2015
and April30 2016. The published case-control or cohort
studies related to GSTM1 gene polymorphism and Parkin-
son’s disease susceptibility were screened, reviewed, and
included in this meta-analysis. The correlation between
GSTM1 gene polymorphism and PD susceptibility was
expressed by odds ratio (OR) and its corresponding 95%
confidence interval (95%CI). Publication bias was eval-
uated by Begg’s funnel plot and Egger’s line regression
test. All analysis was done by stata11.0 software.

After searching the PubMed, EMBASE, and CNKI data-
bases, seventeen case-control studies with 3,538 PD and
5,180 controls were included in the final meta-analysis.
The data was pooled by a fixed-effect model for lack of
statistical heterogeneity across the studies; the results
showed GSTM1 null expression can significant increase
the susceptibility of PD (OR=1.11, 95% CI:1.01-1.21, P<0.05).
Subgroup analysis indicated GSTM1 gene polymorphism
was associated with PD susceptibility in the Cauca-
sian ethnic group (OR=1.15, 95% CI:1.05-1.27,P<0.05) but
not in the Asian ethnic group (OR=0.89, 95% CI:0.70-
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1.12,P>0.05). Begg’s funnel plot and Egger’s line regres-
sion test showed no significant publication bias.

Based on the present evidence, GSTM1 null expres-
sion can significant increase the susceptibility of PD in
persons of Caucasian ethnicity.
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1 Introduction

Parkinson’s disease (PD) is a degenerative disorder of
the central nervous system, mainly affecting the motor
system. In most patients, it is considered idiopathic. But
recent studies have demonstrated that some cases can be
attributed to known genetic factors such as single nucle-
otide polymorphisms. Glutathione S-transferases (GSTs)
are a family of cytosolic enzymes involved in the detox-
ification of various exogenous, as well as endogenous,
reactive species [1,2]. The GST family alleviates oxidative
stress and can expel such toxicants from the body by
increasing watersolubility. The coding region of GSTM1
polymorphisms was considered to confer different cata-
lytic activities [3]. The GSTM1 gene with the homozygous
deletion polymorphism is the null genotype. For the null
genotype, the protein lacks enzyme activities. Theoret-
ically, theGSTM1 null genotype could cause neuronal
demise that may increase PD risk. Several case-control
studies have discussed the relationship between GSTM1
polymorphisms and PD susceptibility. However, for the
small number of cases and controls included in each of
the studies, the statistical power was limited and could
not reach a consistent conclusion. Thus, in this study, we
searched and included the open published papers related
to the association between GSTMilgene polymorphism
and PD susceptibility by pooling the published to further
discuss their correlation.
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1.1 Search strategy

Open published case-control or cohort studies about glu-
tathione S-transferase M1(GSTM1)gene polymorphism
and PD risk were searched and screened from the data-
bases of PubMed, EMBASE and CNKI by two reviewers
(Chen Weikang and Li Jie) independently from Febru-
ary12 2015 to April 30 2016. The following search terms:
“Parkinson’s disease”, “Parkinsons disease”, “Parkin-
son disease”, “PD”, “gstml”, “Glutathione S-transferase
M1” and “polymorphism” were used as free text words
in the publication-searching procedure. The studies
were restriction to humans, with the language restriction
English and Chinese. All potential relevant case-control or
cohort studies were evaluated, and additional citations of
the included articles were further investigatedto identify
additional suitable studies.

1.2 Inclusion criteria and data extraction

The inclusion criteria were: (1) Open published case-con-
trol or cohort studies related to GSTM1 gene polymor-
phism and PD susceptibility (2) PD was confirmed by
clinical diagnosis; (3) Single-nucleotide polymorphism
of GSTM1 gene was clearly reported or can be calculated
from the original included studies; (4) The genotype dis-
tributions of controls should be accord with Hardy-Wein-
berg equilibrium (HWE). (5) The language was limited to
English or Chinese. The exclusion criteria were: (1) Case
report or review publications; (2) The original paper did
not provide enough data to pool the odds ratio of GSTM1
gene polymorphism and PD susceptibility; (3) The paper
was published in other languages.

1.3 Data extraction

Lu Liping and Lan Likang independently extracted the
data from all the included studies. If there was disagree-
ment for paper inclusion/exclusion or data extraction, the
third reviewer (Chen Weikang) was consulted. The general
characteristics of publication year, patients’ ethnicity,
age, gender, country the research was done, and genotyp-
ing method were extracted from the original studies. The
number of patient controls, the distribution of GSTM1 null
and positive expression subjects were further carefully
extracted, which was important for calculation of the
odds ratio.
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1.4 Statistical analysis

The data was analyzed by statall.0 software (StataCorp
LP, http://www.stata.com). The odds of null and present
genotype in PD patients and healthy controls was showed
by odds ratio (OR) and its corresponding 95% confi-
dence intervals (95% CI). Statistical heterogeneity among
studies was evaluated byI?[4]. If significant heterogeneity
was found (I250%), the random-effect method (Der Simo-
nian-Laird method) was used to pool the data. Inversely,
fixed-effect method was applied. The publication bias was
evaluated by Begg’s funnel plot and Egger’s line regres-
sion test [5].

2 Results

2.1 General characteristics of the included
studies

After searching PubMed, EMBASE, and CNKI databases,
987 studies were initially found. Twelve studies were
excluded for duplicated publication or duplicated used
data. After reading the title and abstract, 914 publications
were excluded. And after reading the entire paper, 44 pub-
lications were excluded and 17 case-control studies with
3,538 PD and 5,180 controls were finally included in this
meta-analysis (Figure 1). For the included 17 case-control
studies, 14 papers were conducted on persons of Cauca-
sian ethnicity and other 3 studies were on persons of Asian
ethnicity. The general characteristics of the included 17
papers are shown in Table 1.

2.2 Statistical Heterogeneity evaluation

The statistical heterogeneity among studies was evaluated
by I? test. For all the included studies, the [’=26.8%, which
indicated no statistical heterogeneity across the 17 man-
uscripts. Subgroup analysis also showed no statistical
heterogeneity in Caucasian ethnic group (I’=19.4%) and
Asian ethnic group (I>=0.00%). Because of no statistical
heterogeneity across the studies, all data was pooled by
fixed effects model.

2.3 Meta-analysis

The data was pooled by fixed effect model for the lack
of statistical heterogeneity across the studies; the result
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Table 1: The general characteristics of the included 17studies

Author Year Area Genotyping PD Control
Null Positive Null Positive
Tison [6] 1994  French NA 20 20 60 40
Stroombergen [7] 199¢  Caucasian PCR 82 40 43 41
Bandmann [8] 1997  Europe NA 115 85 58 42
Menegon [9] 1998  Caucasian PCR 49 46 48 47
Nicholl [10] 1999  Caucasian PCR 101 104 100 106
Stroombergen [11] 1999  Caucasian PCR 105 62 114 11
Ahmadi[12] 2000 Swedish PCR-RFLP 17 18 154 129
Rahbar [13] 2000 German PCR 76 73 51 48
Harada [14] 2001 Japanese PCR 32 49 51 49
Kelada [15] 2003  Caucasian NA 108 106 149 178
Vilar [16] 2007  Caucasian PCR-RFLP 58 36 51 44
Carolina [17] 2007  Amerindian NA 164 185 244 367
Wahner [18] 2007 Caucasian NA 114 121 106 114
Giuseppe [19] 2010  Caucasian NA 405 337 973 950
Kiyohara [20] 2010  Japanese Tagman assays 122 115 197 172
Biswas [21] 2012 Indian PCR 101 230 55 122
Pinhel [22] 2013 Brazil PCR-RFLP 112 130 86 80
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Figure 1: The searching strategy flow chart
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showed GSTM1 null expression can significantly increase
the susceptibility of PD (OR=1.11, 95% CI:1.01-1.21, P<0.05),
Figure 2.

2.4 Subgroup analysis

The association between GSTM1 gene polymorphism
and PD susceptibility was further analyzed as related to
the patient’s ethnicity. GSTM1 gene polymorphism was
associated with PD susceptibility in the Caucasian ethnic
group (OR=1.15, 95% CI:1.05-1.27,P<0.05) but not in the
Asian ethnic group (OR=0.89, 95% CI:0.70-1.12,P>0.05).

2.5 Publication bias

The Begg’s funnel plot and Egger’s line regression test
were used to evaluate publication bias [5]. The Begg’s
funnel plot was somewhat asymmetrical at the bottom
(Figure 3). However, Egger’s line regression test, which
can give exact extent of asymmetry of the funnel plot, did

A meta-analysis of association between glutathione S-transferase... —— 581

not indicate any statistical evidence for publication bias
(t=-1.28, P=0.22).

Funnel plot with pseudo 95% confidence limits
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Figure 3: Begg’s funnel plot for GSTM1 polymorphism and PD

susceptibility
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Figure 2: The forest plot of GSTM1 polymorphism and PD susceptibility
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3 Discussion

Glutathione S-transferases (GSTs) are a family of related
isoenzymes protect against xenobiotic chemicals that
continuously enter the body, largely through mucous
membranes [23]. The GST family alleviates oxidative stress
by expelling toxicants from the body by increasing water-
solubility. To date, eight types of different GSTs, namely
GSTa, GSTk, GSTS, GSTw, GSTy, GSTn, GSTE, and GSTO
have been found in humans and other mammals [24].
Several previously published studies have discussed the
relationship between GST family polymorphisms and
PD susceptibility [18-20]. Pinhel and his colleagues per-
formed a population-based case-control study to evalu-
ate the influence of genetic variants of GSTT1/GSTM1 and
their association with PD [22]. In this study, the authors
included 254 cases with PD and 169 healthy controls.
The genotype of GSTT1/GSTM1 was tested by PCR assay.
They found that the present and deletion of GSTT1/GSTM1
were not statistical different in PD and healthy controls
which indicating that there was no significant association
between GSTT1/GSTM1 present/absence polymorphism
and PD susceptibility. However, another case-control
study performed by Stroombergen et al found the oppo-
site results [11]. In their study, the authors included 167
PD and 225 non-neurological disease subjects. The asso-
ciation between GSTM1 present/absence polymorphism
and PD was investigated by PCR, using primers specific
for both genes. The authors found that males with a dele-
tion of the GSTM1or GSTT1gene were more susceptible to
PD. Therefore, the results for the above two independent
case-control studies were not in agreement with each
other. Because of the small number of cases and controls
included in each of the individual study, the statistical
power was limited and could not reach a consistent con-
clusion. Thus, in this study, we searched and included the
open published papers related to the correlation between
GSTMigene polymorphism and PD susceptibility by
pooling the published data to further discuss their corre-
lation. In the present study, 17 case-control publications
with 3,538 PD and 5,180 controls were included in this
meta-analysis. All of the included manuscripts were pub-
lished in English. The pooled results showed persons with
the GSTM1 null genotype had an increased risk of devel-
oping PD (odds ratio 1.11, 95% CI1.01-1.21). The subgroup
analysis indicated GSTM1 gene polymorphism was associ-
ated with PD susceptibility in the Caucasian ethnic group
but not in the Asian ethnic group. The lack of correlation
for GSTM1 gene polymorphism and PD susceptibility in
the Asian ethnic group maybe related to the small number
of studies (only 3) included in this meta-analysis with
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limited statistical power. It is believed that the homozy-
gous deletion of GSTM1*0 (null expression) could result in
a lack of enzyme activity. For that reason, we considered
that the inactivity of a phase II enzyme may contribute to
the increased susceptibility to PD. However, the cause of
PD is complex and related to a variety of genes. The gene-
gene and gene—environment interactions may have more
obvious effects on the incidence of PD. We suggest that the
entire genome-wide analysis may need to be further evalu-
ated for gene polymorphism and PD susceptibility.
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