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Genetic polymorphism of glutathione S-transferase T1 
and the risk of rheumatoid arthritis: a meta-analysis
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Abstract 
Objective

Reports investigating the association between the genetic polymorphism of glutathione S-transferase T1 (GSTT1) and 
the risk of rheumatoid arthritis (RA) have revealed conflicting results. To clarify the effect of GSTT1 polymorphism on 

the risk of developing RA, we carried out a meta-analysis using published data.

Methods
Electronic searches were conducted to select studies. Reports were included if they were observational studies 

investigating the link between GSTT1 genotype and the risk of RA. The principal outcome measure was the odds ratio (OR) 
with 95% confidence interval (CI) for the risk of RA with GSTT1 null genotype. 

Results
We identified 7 eligible studies including 2652 cases and 4117 controls. The combined results showed that there was 

not a statistically significant link between GSTT1 null genotype and RA. However, we observed an increased risk in heavy 
smokers (cigarette consumption >10 pack-years) with GSTT1 null polymorphism compared with never or light smokers 

(cigarette consumption ≤10 pack-years) with GSTT1 present. Moreover, compared to GSTT1 positive polymorphism with 
seronegative results, there was an increased risk in GSTT1 null polymorphism with seropositive results. 

Conclusion
The results from this meta-analysis suggested that GSTT1 null genotype is not association with an increased 

susceptibility to RA. However, GSTT1 null polymorphism may increase the risk of RA in relation to heavy smokers or 
seropositive results. Whether GSTT1 polymorphism may act in synergy with other genes or environmental factors remains 

to be studied more in depth. 
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Introduction
Rheumatoid arthritis (RA) is a chronic 
multi-articular autoimmune disease that 
affects up to 1% of the general adult 
population worldwide (1). Although 
RA is a common autoimmune disease of 
unclear etiology, it is evidently shown 
that the expression and development 
of the disease is due to combination of 
genetic and environmental factors (2-
7). Moreover, the onset of RA is likely 
to involve multiple genes, including 
HLA-DRB1, TRAF1/C5, STAT4, REL, 
PTPN22, TNF-α, IL2/IL21, CTLA4, 
TNFRⅡ, VDR, etc., which have been 
identified with the inception and pro-
gression of RA by candidate genes and 
genome studies (8-11). The recent ge-
nome-wide association study (GWAS) 
suggested that 7 new RA risk alleles 
were identified (12).
Among various candidate genes as-
sociated in RA, the glutathione S-
transferase (GST) genes are a widely 
expressed supergene family encoding 
biotransforming dimeric enzymes that 
catalyse the conjugation of glutathione 
and are implicated in the detoxifica-
tion of free radicals and prostagland-
ins (13-17). They are divided into two 
microsomal and various GST-classes, 
including alpha, mu, kappa, pi, sigma, 
theta and zeta. GST are involved in the 
metabolism of many xenobiotics that 
include an array of environmental car-
cinogens, polycyclic aromatic hydro-
carbons, and reactive oxygen species 
(ROS), which probably lead to cellular 
damage by oxidative stress (18). The 
theta class gene, GSTT1, is located 
on chromosome 22q 11.2 (19). It has 
a functional and non-functional allele. 
Homozygosity for the non-functional 
allele of GSTT1 (null genotype) causes 
an absence of enzymatic activity, and 
therefore may increase susceptibility to 
the harmful effects of carcinogen expo-
sure and oxidative stress (18).
Several studies on the association be-
tween the GSTT1 polymorphism and 
RA have been published. Some studies 
have shown that the GSTT1 polymor-
phism to be associated with increased 
susceptibility to RA. However, other 
studies have failed to replicate it. With 
the aim to clarify the effect of GSTT1 
polymorphism on the risk of RA, we 

carried out a meta-analysis using pub-
lished data to obtain more accurate es-
timates of risk. This is, to our knowl-
edge, the first meta-analysis conducted 
with respect to the association between 
the polymorphism in the glutathione S-
transferase T1 and the risk of RA.

Materials and methods
Identification and relevant studies
We searched the following electronic 
databases: PubMed, Embase, CNKI da-
tabase, Wanfang database, and Weipu 
database (last search was performed 
on October 1st, 2011). The follow-
ing search terms were used:  ‘GSTT1 
or glutathione S-transferase T1’ and 
‘rheumatoid arthritis or RA’ in combi-
nation with ‘polymorphism or genetics 
or variant’. The languages were limited 
to English and Chinese.

Inclusion and exclusion criteria
The criteria for acceptance of the stud-
ies were as follows: (i) independent 
case-control studies for human; (ii) 
each study should have the similar re-
search purpose with the identical study 
method; (iii) the main factors of these 
studies should be involved in GSTT1 
polymorphism and risk of RA. Con-
cerning the exclusion criteria, we stipu-
lated the following: (i) studies without 
raw data we need; (ii) duplicated stud-
ies; (iii) abstracts and reviews. 

Data extraction
The extraction was made by two re-
searchers independently according to 
the pre-specified selection criteria. Any 
disagreement was resolved by discus-
sion and consultation with the third re-
searcher. The information was retrieved 
from each study as follows: investiga-
tors; year of publication; country of 
study; ethnic origin; study design (cat-
egorised as hospital-based case-control 
studies; population-based case-control 
studies); the number of cases and con-
trols with GSTT1 null and positive 
genotype; variables investigated in the 
studies (sex, smoking history, and sero-
logical results). 

Statistical analysis
The statistical analysis was performed 
by RevMan 5.0 provided by Cochrane 
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Collaboration. p<0.05 was considered 
statistically significant. Meta-analysis 
was done with either the random-effect 
model or the fixed-effect model. Heter-
ogeneity was checked by the χ2-test. In 
addition, we used I2 statistic to quantify 
the effect of heterogeneity, providing 
a measure of the degree of inconsist-
ency in the results of the study. If the 
results of the trials had heterogeneity, 
we tried to find the sources of hetero-
geneity with sensitivity analysis. The 
random-effect model was only applied 
if we did not identify the source of het-
erogeneity, but both the random-effect 
model and the fixed-effect model were 
applied if the sources of heterogene-
ity could be found and excluded. On 
the other hand, we used both random- 
and fixed-effect model in the absence 
of heterogeneity. To establish the ef-
fect of clinical heterogeneity between 
studies on meta-analysis conclusions, 
subgroup analyses were conducted on 

the basis of sex, ethnic origin, smok-
ing history, and serological results. The 
results were expressed with odds ratio 
(OR) for the categorical variables and 
95% confidence interval (CI). Publica-
tion bias was analysed by using two 
methods. Visual inspection of asym-
metry in funnel plots was carried out. 
The fail-safe number was also used to 
statistically assess publication bias. 

Results
Study characteristics
Figure 1 shows the selection process 
of our study. A total of 26 papers were 
retrieved through initially searching the 
selected databases. We identified ten rel-
evant studies that described the associa-
tion between the GSTT1 polymorphism 
and rheumatoid arthritis, however, after 
reading the full articles, we excluded 
two case-only studies (16, 20), and one 
paper without raw data (21). Hence, 
only 7 reports met the inclusion crite-

ria and were included. All of the stud-
ies were based on genotypic methods: 
polymerase chain reaction (PCR). 
Among the eligible studies, 4 studies 
were involved in Caucasians (23-26), 
two studies were about Asians (15, 
22) and another one contained mixed 
racial groups, including South Asians 
and Caucasians (27). 2 case-control 
studies (23, 26) were population-based 
studies (PCC), and 5 (15, 22, 24, 25, 
27) were hospital-based case-control 
studies (HCC). History of smoking was 
verified for cases and controls, with 2 
reporting results of the interaction be-
tween GSTT1 polymorphism and RA 
risk in relation to cigarette smoking 
habits. Sex, serological results were 
also extracted from the studies respec-
tively. The characteristics of the studies 
included in this meta-analysis are pre-
sented in Table I.

GSTT1 null genotype and RA 
in total studies
In total, the eligible studies were in-
volved in 2652 cases and 4117 controls. 
The combined results based on all stud-
ies suggested that there was not a statis-
tically significant link between GSTT1 
null genotype and RA (OR=1.33, 95% 
CI:0.86-2.06, χ²=63.26, d.f.=6, p for 
heterogeneity <0.00001,  I²=91%) (Fig. 
2). Because heterogeneity still existed 
when any single study was omitted, we  
used a random-effect model.

GSTT1 null genotype and RA 
in subgroups
– Ethnic groups
We observed that there was not a sig-
nificant association between GSTT1 
null genotype and RA in Caucasians 
(Fixed-effect model: OR=1.09, 95% 

Fig. 1. Flow diagram of included/excluded studies.

Table I. Summary of case-control studies of GSTT1 polymorphism and rheumatoid arthritis risk.
 
Investigators Year Study Design Country Ethnic Origin  GSTT1 null   GSTT1 present
     Cases  Controls Cases  Controls

Yun et al.  2005 HCC§ Korea Asians 124 214 134 186
Morinobu et al. 2006  HCC Japan Asians 45 62 63 81
Padyukov et al. 2004 PCC¥ Sweden Caucasians 252 150 878 1481
Mattey et al.  1999 HCC UK Caucasians 223 451 52 105
Layton et al.  1999 HCC UK Caucasians 19 105 62 451
Keenan et al. 2010 PCC USA Caucasians 100 92 434 445
Ghelani et al.  2011 HCC UK Mixed* 71 40 195 254

§HCC: hospital-based case-control; ¥PCC: population-based case-control; *South Asians and Caucasians. 
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CI:0.94–1.27, χ²=5.39, d.f.=4, p for 
heterogeneity = 0.25, I²=26%; Ran-
dom-effect model: OR=1.12, 95% 
CI:0.93–1.35, χ²=5.39, d.f.=4, p for het-
erogeneity = 0.25, I²=26%). In Asians 
group, similarly, there was no statisti-
cally significant link between GSTT1 
null genotype and RA (OR=1.22, 95% 
CI:0.63–2.37, χ²=11.56, d.f.=2, p for 
heterogeneity = 0.003, I²=83%). Al-
though the result revealed that one 
study (27) was the main source of the 
heterogeneity after sensitivity analysis 
and so we excluded it, we could not 
find the association between GSTT1 
null genotype and RA in the Asian 
group (Fixed-effect model: OR=0.84, 
95% CI:0.64-1.09, χ²=0.24, d.f.=1, p 
for heterogeneity = 0.62, I²=0%; Ran-
dom-effect model: OR=0.84, 95% 
CI:0.64 – 1.09, χ²=0.24, d.f.=1, p for 
heterogeneity = 0.62, I²=0%). 
– The source of controls
The overall ORs for hospital-based 
case-control studies were 1.17 (95% 
CI:0.80–1.71, χ²=16.37, d.f.=4, p for 
heterogeneity = 0.003, I²=76%). Af-
ter sensitivity analysis, the result indi-
cated that one study (27) was the main 
source of the heterogeneity. Therefore, 
by excluding the study, the overall 
OR of rheumatoid arthritis risk asso-
ciated with the GSTT1 null genotype 
in hospital-based case-control studies 
was 0.93 in a fixed-effect model (95% 
CI:0.76–1.14, χ²=2.46, d.f.=3, p for het-
erogeneity = 0.48, I²=0%), and 0.94 in 
a random-effect model (OR=0.94, 95% 
CI:0.77–1.15, χ²=2.46, d.f.=3, p for het-
erogeneity = 0.48, I²=0%). But in the 
population-based studies group, a test 
for heterogeneity showed that there was 
no heterogeneity (Fixed-effect model: 
OR=1.03, 95% CI:0.86–1.24, χ²=0.33, 
d.f.=1, p for heterogeneity = 0.56, 
I²=0%; Random-effect model: OR=1.03, 
95% CI:0.8 –1.24, χ²=0.33, d.f.=1, p for 
heterogeneity = 0.56, I²=0%). 
– Smoking history
There was no increase in risk for smok-
ers or non-smokers with the GSTT1 
null genotype (Smokers: Fixed-effect 
model: OR=1.05, 95% CI:0.84–1.33, 
χ²=1.99, d.f.=1, p for heterogeneity = 
0.16, I²=50%; Random-effect model: 
OR=1.09, 95% CI:0.77–1.54, χ²=1.99, 
d.f.=1, p for heterogeneity = 0.16, 

Fig. 2. Forest plot for the association between GSTT1 polymorphism and risk of rheumatoid arthritis.

Fig. 3. Forest plot for the association between GSTT1 polymorphism and risk of rheumatoid arthritis 
in relation to smoking history with (a) a fixed-effect model and (b) a random-effect model. 

Fig. 4. Forest plot for the association between GSTT1 polymorphism and risk of rheumatoid arthritis 
in relation to serological results with (a) a fixed-effect model and (b) a random-effect model.
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I²=50%; Non-smokers: Fixed-effect 
model: OR=0.94, 95% CI:0.70–1.27, 
χ²=1.05, d.f.=1, p for heterogeneity = 
0.30, I²=5%; Random-effect model: 
OR=0.94, 95% CI:0.69–1.29, χ²=1.05, 
d.f.=1, p for heterogeneity = 0.30, 
I²=5%). According to the analysis, we 
did not detect a statistically difference 
for smokers with GSTT1 null geno-
type compared to non-smokers with 
positive genotype (OR=1.38, 95% 
CI:0.76–2.52, χ²=5.32, d.f.=1, p for 
heterogeneity = 0.02, I²=81%). How-
ever, we observed an increased risk 
in heavy smokers (cigarette consump-
tion >10 pack-years) with GSTT1 null 
polymorphism compared with never or 
light smokers (cigarette consumption 
≤10 pack-years) with GSTT1 present 
(Fixed-effect model: OR=1.92, 95% 
CI:1.44–2.55, χ²=1.28, d.f.=1, p for 
heterogeneity=0.26, I²=22%; Random-
effect model: OR=1.94, 95% CI:1.40–
2.70, χ²=1.28, d.f.=1, p for heterogene-
ity = 0.26, I²=22%) (Fig. 3).
– Serological results
We observed that the overall ORs for 
seropositive studies were 1.33 (95% 
CI:0.83–2.12, χ²=11.11, d.f.=2, p for 
heterogeneity = 0.004, I²=82%). But the 
main source of heterogeneity led to one 
study (27) due to the sensitivity analy-
sis. Hence, after excluding the study, 
there was also no statistically signifi-
cant link between GSTT1 null genotype 
and RA (Fixed-effect model: OR=1.03, 
95% CI:0.84–1.27, χ²=0.07, d.f=1, p for 
heterogeneity = 0.79, I²=0%; Random-
effect model: OR=1.03, 95% CI:0.84–
1.27, χ²=0.07, d.f.=1, p for heterogene-
ity = 0.79, I²=0%). Moreover, in seron-
egative groups, we did not find a statis-
tically association between GSTT1 null 
genotype and the risk of RA (OR=0.44, 
95% CI:0.07–2.62, χ²=1.61, d.f.=1, p 
for heterogeneity <0.00001, I²=97%). 
However, compared to RA of GSTT1 
positive polymorphism with seronega-
tive results, we found that there was an 
increased risk in GSTT1 null polymor-
phism with seropositive results, includ-
ing rheumatoid factor positive or anti-
citrullinated protein antibody positive 
(Fixed-effect model: OR=1.63, 95% 
CI:1.32–2.00, χ²=0.33, d.f.=1, p for 
heterogeneity = 0.57, I²=0%; Random-
effect model: OR=1.63, 95% CI:1.32–

2.00, χ²=0.33, d.f.=1, p for heterogene-
ity = 0.57, I²=0%) (Fig. 4).
– Sex
No link could be detected between 
GSTT1 null genotype and RA in fe-
males (Fixed-effect model: OR=1.03, 
95% CI:0.87–1.23, χ²=0.33, d.f.=2, p 
for heterogeneity = 0.85, I²=0%; Ran-
dom-effect model: OR=1.03, 95% 
CI:0.87–1.23, χ²=0.33, d.f.=2, p for het-
erogeneity = 0.85, I²=0%) (Table II).

Publication bias
We obtained the evidence of publication 
bias as shown by the funnel plot (Fig. 5). 
In our study, according to Rosenthal’s 
mathematical calculation, the fail-safe 
number (Nfs0.05) was 12 (28).

Discussion
In 1999, Mattey et al. (24) first ex-
amined the association between the 
GSTT1 polymorphism and the risk of 
RA. After that, the case-control studies 
provided controversial results. Based 
on cumulated evidence, we performed 
a meta-analysis on 7 studies with 2652 

cases and 4117 controls. To our knowl-
edge, this is the first meta-analysis con-
ducted with respect to the association 
between the polymorphism in the glu-
tathione S-transferase T1 and the risk 
of RA. The main observational and 
analytical results of our meta-analysis 
suggested that the GSTT1 null poly-
morphism is not to be a risk factor for 
susceptibility to RA, but can signifi-
cantly increase the risk of RA in those 
who are heavy smokers or with sero-
positive results. 
It is now widely accepted that differenc-
es in the distribution of various ethnici-
ties between cases and controls may be 
a source of confounding when pooling 
studies (29). In the human population, 
the frequency of GSTT1 deficiency is 
13–26% in Caucasians and 36–52% in 
Asians (30). However, when analys-
ing the ethnic groups, our report sug-
gested that the pooled OR associated 
with GSTT1 polymorphism was not 
significant in Caucasians or in Asians. 
However, both the Caucasian and the 
Asian reports in the subgroup analysis 

Table II. Summary of meta-analysis of GSTT1 polymorphism and risk of rheumatoid       
arthritis.

Groups subjects OR (95% CI) Statistical method p

All studies 6769 1.11 (0.89-1.40) Random* 0.35
Caucasians 5582 1.09 (0.94-1.27) Fixed§ 0.25
 5582 1.12 (0.93-1.35) Random 0.23
Asians 1187 1.22 (0.63-2.37) Random 0.56
 909 0.84 (0.64-1.09) Fixed 0.19
 909 0.84 (0.64-1.09) Random 0.19    
Hospital-based case-control 2937 1.17 (0.80-1.71) Random 0.43
 2377 0.93 (0.76-1.14) Fixed 0.51
 2377 0.94 (0.77-1.15) Random 0.53
Population-based case-control 3832 1.03 (0.86-1.24) Fixed 0.72
 3832 1.03 (0.86-1.24) Random 0.72
Females 3996 1.03 (0.87-1.23) Fixed 0.71
 3996 1.03 (0.87-1.23) Random 0.71
Smoking history    
Smokers 2352 1.05 (0.84-1.33) Fixed 0.65
 2352 1.09 (0.77-1.54) Random 0.62
Non-smokers 1389 0.94 (0.70-1.27) Fixed 0.70 
 1389 0.94 (0.69-1.29) Random 0.70
Smokers vs. non-smokers 1555 1.38 (0.76-2.52) Random 0.29
Heavy smokers vs. light smokers 2166 1.92 (1.44-2.55) Fixed <0.00001
 2166 1.94 (1.40-2.70) Random <0.0001    
Serological results    
Seropositive 3463 1.33 (0.83-2.12) Random 0.23
 2903 1.03 (0.84-1.27) Fixed 0.76
 2903 1.03 (0.84-1.27) Random 0.76
Seronegative 2326 0.44 (0.07-2.62) Random 0.37
Seropositive vs. seronegative 2478 1.63 (1.32-2.00) Fixed <0.00001
 2478 1.63 (1.32-2.00) Random <0.00001

*Random-effect model;  §Fixed-effect model. 
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included a mixture of populations from 
very distant countries, so the result must 
be interpreted with caution. 
As it is conceivable that the GSTT1 
gene leads to susceptibility to many 
cancers and non-cancer diseases, its 
genotype frequency may differ be-
tween the population-based and hospi-
tal-based controls. For example, it was 
suggested that there was a significant 
association between GSTT1 genotype 
and various cancers such as lung, oral, 
gastric, and colorectal cancers (31), 
as well as other non-cancer diseases 
such as asthma (32) and cardiovascu-
lar disease (33). In our study, however, 
the use of either hospital or population 
controls did not produce a significantly 
stronger association between GSTT1 
null polymorphism and RA.
Further analysis regarding smoking 
history was carried out due to the fact 
that cigarette smoking is an obvious 
risk factor for RA, and that GST genes 
are implicated in the metabolism of 
enzymes concerning harmful effects 
of oxidative stress. After grouping ac-
cording to smoking history, the GSTT1 
null genotype was not corelated with 
an increased risk of RA in either smok-
ers or non-smokers. Meanwhile, there 
was also not a statistically difference 
for smokers with GSTT1 null genotype 
compared to non-smokers with positive 
genotype. However, we observed an 
increased risk in heavy smokers (ciga-
rette consumption >10 pack-years) with 
GSTT1 null polymorphism compared 
with never or light smokers (cigarette 

consumption ≤10 pack-years) with 
GSTT1 present. 
Since serological results is an indispen-
sable contributor to diagnosis and eval-
uation of activity and prognosis of au-
toimmune diseases including RA, after 
analysing the relationship between the 
GSTT1 null genotype and the  RA risk 
in relation to the serological results, we 
suggested that there was no association 
between GSTT1 null genotype and the 
risk of RA in relation to either serop-
ositive or seronegative results. 
However, compared to RA of GSTT1 
positive polymorphism with seronega-
tive results, we found that there was an 
increased risk in GSTT1 null polymor-
phism with seropositive results, includ-
ing rheumatoid factor positive or anti-
citrullinated protein antibody positive. 
We then determined the GSTT1 poly-
morphism in relation to patients’ sex. 
However, the sex research included 
only a female subgroup analysis due 
to unclear raw data of male subgroup. 
Our data revealed that no association 
between the GSTT1 null genotype and 
female patients with RA. Therefore, the 
result must be interpreted with caution. 
RA is a consequence of multiple risk 
factors, and the interaction between en-
vironmental and genetic factors is gen-
erally accepted. GSTs represent a fam-
ily of detoxifying enzymes that play 
an important role in protecting cells 
against the injuring effects of RA (34-
35). GSTT1, a member of GSTs su-
per-family, is investigated commonly. 
However, we found no significant as-

sociations between GSTT1 null poly-
morphism and the risk of RA. The lack 
of an association with GSTT1 may be 
due to differences in tissue-specific ge-
netic expression or to a different role of 
certain substrates of GST in the patho-
genesis of RA (23).
As in most meta-analysis, we have to 
carefully consider the possible limita-
tions of the study in interpreting the 
results. First, only published studies in 
English and Chinese were included in 
the meta-analysis; therefore a publica-
tion bias may have occurred. The fun-
nel plot shows significant evidence of 
the bias (Fig. 5). It is widely accepted 
that positive results usually have a 
greater probability of being published, 
and an overestimation of the GSTT1 
null effect may appear if unpublished 
studies are not included, even though 
they are of more superior quality than 
published ones. Second, the results 
of an observational study may be in-
fluenced by unmeasured confounders 
such as physical activity, infective fac-
tors, and environmental effect; these 
may be related to RA but not evaluated 
in our study. Third, in our data, more-
over, the description of cigarette-smok-
ing condition and serological results 
was showed in reports, suggesting the 
association between GSTT1 null poly-
morphism and the risk of RA in rela-
tion to pathogenic factors. However, 
the criteria of subgroup analysis varied 
in reports, leading to the conclusion 
that further analysis could not be made. 
Fourth, there is probably another po-
tential source of heterogeneity, but due 
to the fact that certain factors were de-
termined in only one study, and some 
studies did not display the raw data, we 
were unable to explore them further in 
subgroup analysis. If the authors of all 
the published studies could share their 
data, a more precise meta-analysis 
could be performed. 
It is well known that using hospital-
based controls could generate some 
source of bias (36). Therefore, the uti-
lisation of population-based controls is 
more appropriate. 
We obtained the evidence of publica-
tion bias as shown by the funnel plot 
(Fig. 5). The shape of the funnel plots 
seemed symmetrical, suggesting the 

Fig. 5. Funnel plot 
of the published stud-
ies considered in the 
meta-analysis. 
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absence of publication bias. In addition, 
Rosenthal’s fail-safe-number (FSN) is 
probably one of the best known sta-
tistics in the context of meta-analysis 
aimed to estimate the number of unpub-
lished studies in meta-analyses required 
to bring the meta-analytic mean effect 
size down to a statistically insignificant 
level (28). In our study, the fail-safe 
number (Nfs 0.05=12) is large, suggest-
ing that publication bias probably has 
little effect on summary estimates. 
Finally, meta-analysis remains ret-
rospective research that is subject to 
the methodological deficiencies of the 
included studies. We minimised the 
likelihood of bias before initiating the 
study by developing a detailed proto-
col, including a meticulous search for 
published studies and using explicit 
methods for study selection, data ex-
traction and data analysis. 
In conclusion, the results from this 
meta-analysis suggested that GSTT1 
null genotype is not associated with an 
increased susceptibility to RA. How-
ever, GSTT1 null polymorphism may 
increase the risk of RA in relation to 
heavy smokers or seropositive results. 
On the other hand, whether GSTT1 
polymorphism acts in synergy with 
other genes or environmental factors 
needs to be studied more in depth. 
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