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Abstract The results of studies investigating the associations
between GSTM1 and GSTT1 polymorphisms and anti-
tuberculosis drug-induced hepatotoxicity (ADIH) risk exhibit
much controversy. Therefore, a meta-analysis was performed
in order to examine the associations between GST variants
and ADIH risk. A total of 451 relevant studies were identified
through the digital medical databases Medline, Embase, and
CBM published up to October 2012. Thirteen individual
case—control studies were eventually recruited for GSTM1
null polymorphism (including 951 ADIH cases, 1,922 con-
trols) and 12 studies for GSTT1 null polymorphism (847
cases, 1,811 controls). Pooled odds ratios (ORs) and 95 %
confidence intervals (CIs) were appropriately calculated from
fixed-effects or random-effects models. Subgroup analyses
were stratified by ethnicity and different treatment combina-
tions. The overall ORs of relevant studies that exhibited
elevated ADIH risk was significantly associated with GSTM1
null genotypes (OR=1.36, 95 % CI 1.04-1.79), but for the
GSTT1 polymorphism, no difference was found (OR=0.98,
95 % CI 0.82—-1.18). In the subgroup analyses, the pooled
results showed that GSTM1 null allele carriers had a signifi-
cant association with ADIH risk in East Asians and the
patients who used isoniazid (INH)-+rifampicin (RMP)+pyra-
zinamide (PZA)+ethambutol (EMB), or+streptomycin (SM)
(HRZES), but the opposite result was observed for patients
using HR. Moreover, the GSTT1 null genotype evaluated the
susceptibility to ADIH for tuberculosis using HRZ. This meta-
analysis provides evidence that there may be an increased risk
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of ADIH in individuals with null genotypes of GSTMI1 in the
total population, especially East Asians and patients receiving
HRZE or HRZES. However, polymorphisms of the GSTT1
null genotype seem to have no association with susceptibility
to ADIH, except for patients receiving HRZ.

Background

Tuberculosis (TB) is a serious fatal infectious disease, hav-
ing become one of the major causes of illness and death
worldwide, especially in Asia and Africa. Annually, more
than 9 million new cases and 1.7 million deaths caused by
TB were reported in 2009 [1]. Strategies have been adopted
to reduce the relevant disease burden by improving early
case detection and treatment compliance. Isoniazid (INH),
rifampicin (RMP), ethambutol (EMB), and pyrazinamide
(PZA), as the first-line anti-tubercular drugs (ATD) and
components of the standard therapeutic regimen [2, 3], are
used conventionally in combination for treating the disease.
Despite the availability of effective chemotherapeutic agents
to treat TB, the most commonly encountered and also se-
verely presenting side effects of these drugs are potentially
hepatotoxic, and toxicity increases when used in combina-
tion, impeding scheduled treatment and adding to disease
morbidity because of treatment interruptions and negative
impact on treatment compliance [4, 5]. Acharya et al. had
demonstrated that ATD were the most common reason for
drug-induced liver disease in India [6]. Although many
researchers had proposed the influence factors of ATD hep-
atotoxicity involved in a number of environmental factors
and the acetylator phenotype of the individual, its exact
pathogenic mechanism still remains largely obscure [7, 8].
It is reported that there is a close relation between anti-
tuberculosis drug-induced hepatotoxicity (ADIH) and
drug-metabolizing enzymes [9].
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Generally speaking, the dynamic processes of drugs in-
cluding toxic metabolite generation and its detoxification in
the liver made for hepatotoxicity. It is suggested that ATD
reactions are attributed to reactive metabolites, rather than
direct toxicities of the parent drugs. Drug-metabolizing
enzymes make pivotal impacts in the course of the synthesis
and detoxification of reactive metabolites [10]. Glutathione
S-transferases (GST) are recognized as common detoxifying
enzymes, playing an extremely important protection role as
they catalyze the conjugation of various reactive drug tox-
icity metabolites causing cellular damage with glutathione,
thereby, decreasing drug hepatotoxicity [11-14]. They exist
in several isoforms, with varying tissue-specific expression
[15]. As two members of isoenzymes of the GST enzyme
family encoding phase II metabolic enzymes in the human
body, GSTM1 and GSTT1 have polymorphisms predomi-
nantly in some genetic loci of these isoenzymes. Homozy-
gous null mutations at the GSTM1 and GSTTI1 loci lead to
the absence of GST activity, which may modulate suscepti-
bility to drug- and xenobiotic-induced hepatotoxicity [16,
17]. GSTM1 and GSTT1 had been considered as candidate
drug-metabolizing genes by some studies looking at genetic
predisposition to ATD-induced hepatotoxicity. For instance,
Roy et al., in 2001, demonstrated firstly that there was a
possible excess risk of ADIH in individuals with homozy-
gous null mutations in the GSTMI1 genes, but not in the
GSTTI genes [18]. Subsequently, many studies have been
published, but these results have not been replicated and
have reported inconclusive data, since both positive and
negative results were documented in our view. These
conflicting conclusions might stem from various designs,
different methodologies, and insufficient power. Moreover,
the prevalence of both GSTM1 and GSTT1 null polymor-
phisms may vary among populations and races.

A meta-analysis has the advantage of reducing random
error and obtaining precise estimates for some potential
genetic associations between GSTM1 and GSTT1 polymor-
phisms and ADIH risk by performing a quantitative synthe-
sis of data from all eligible studies. Regarding the GSTM1
and GSTT1 null genotypes in ADIH, two meta-analyses
have appeared in 2008 and 2012 [19, 20], respectively.
However, two otherwise eligible case—control studies [21,
22] published have not been taken into account. It is worth
mentioning that the above-mentioned meta-analyses had
reached some conclusions, but concerning the GSTM1 null
genotype, Monteiro et al. [20] did not support any associa-
tion. In addition, two foregoing meta-analyses did not take
the effect of different drug treatment combinations on the
relationship between GSTM1 and GSTT1 genetic polymor-
phisms and susceptibility to ADIH into consideration.

Therefore, an updated meta-analysis of published case—
control and cohort studies was performed, aimed at further
clarifying the effects of GSTM1 and GSTT1 polymorphisms
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on the risk of developing ADIH and, simultaneously, sub-
group analyses for ethnicity and combinations of different
drug treatments were performed. In this study, several addi-
tional epidemiologic studies were included which took a
greater number of subjects into consideration and, hence,
more detailed and accurate risk was assessed compared to
the previous meta-analyses.

Materials and methods
Literature search strategy and selection criteria

A comprehensive systematic bibliographic search was con-
ducted through the digital medical databases Medline,
Embase, and CBM for all medical publications up to Octo-
ber 2012 using the following keywords, variably combined:
(“Anti-tuberculosis drug-induced hepatotoxicity”, “Anti-tu-
berculosis drug-induced liver injury”, “ADILI”, or “ADIH”)
and (“glutathione S-transferase”, “GST”, “GSTM”,
“GSTM1”, “GSTT”, or “GSTT1”) and (“Polymorphism”,
“Polymorphisms”, or “Genetic polymorphism”). The search
was conducted on human subjects, having no restrictions on
time period, sample size, population, language, or type of
report, in order to minimize the potential publication bias.

The inclusion criteria were as follows: (1) case—control
studies which evaluated associations between GST polymor-
phisms and ADIH risk; (2) use of an unrelated case—control
design; (3) estimation of odds ratios (ORs) with 95 % confi-
dence intervals (Cls) or other available data for estimating the
OR (95 % CI).

The following exclusion criteria were applied: studies
without genotype data of cases and controls, case-only
studies, duplicates, case reports, non-human studies, interim
analyses, comparisons of laboratory methods, editorials, and
review articles (including meta-analyses).

Data extraction and study design

For each of the eligible case—control studies, the following
information was extracted: the surname of the first author,
year of publication, country, ethnicity of subjects, sample
size of genotyped cases and controls, gender, anti-
tuberculosis drugs used, genotype studied, and genotyping
methods. To ensure the accuracy of the extracted data, two
investigators (Cuiping Li and Yang Zhou), working inde-
pendently, searched the initially relevant literature using the
keywords mentioned above in the search strategy. After
having identified the related titles, the abstracts of these
studies were reviewed in order to decide whether a study
was eligible. The reference lists of reviews and retrieved
articles were hand-searched manually at the same time.
When more than one article was available for a single
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unique study population, only the most updated report with
larger sample size was selected [23]. Then, information was
extracted independently from each eligible case—control
study and differences in eligibility were resolved by coming
to an agreement between the two investigators. Subgroup
analyses were mainly performed by ethnicity and the anti-
tuberculosis drugs used. Ethnic groups were mainly defined
as East Asian, Indian, and non-Asian (Brazilians and Cau-
casian). Different treatment combinations were defined as
H, HRZ, HRZ, HRZE, and HRZES simultaneously.

Statistical analysis

The strength of the associations between GSTMI1 and
GSTT1 polymorphisms and risk of ADIH was measured
by ORs with corresponding 95 % Cls. The associations of
null genotypes of GSTM1 and GSTT1 with the risk of
ADIH were examined compared with genotypes present
according to the genetic model (null genotype vs. non-null
genotype). In the present study, as two models of meta-
analysis for calculating the pooled ORs, the random-
effects model and the fixed-effects model were conducted
using the DerSimonian and Laird and Mantel-Haenszel
methods, respectively [24, 25]. The former assumed that
the study sample was taken from populations with varying
effect sizes, calculating the study weights both from in-
study and between-study variances, while the latter assumed
that the study sample came from populations with the same
effect size, making an adjustment to the study weights on
the basis of the in-study variance. Both the Chi-square
statistic and the Q statistic (Cochran’s Q statistic) were
calculated to in order evaluate statistical heterogeneity;
when the p-value was <0.1, the presence of heterogeneity
among studies existed [26]. The I statistic was calculated in
order to quantify the proportion of the total variation due to
heterogeneity, with 1*>50 % indicating statistical signifi-
cance [27]. The overall or pooled estimate of risk (OR)
was calculated by the Mantel-Haenszel fixed-effects model
initially [25]. We employed sensitivity analyses in order to
exclude the studies that potentially biased the overall sum-
mary estimate when heterogeneity between studies existed,
but the random-effects model was applied to settle the
studies with the presence of heterogeneity [28]. When the
results had differences amongst constituent studies, random-
effects models were used to incorporate an estimate of the
between-study variance and provide wider 95 % Cls. Ran-
dom effects were reported unless stated otherwise.
Subgroup analyses were conducted to evaluate the cova-
riate effects, grouping primarily studies which showed similar
characteristics, such as ethnicity and drug treatment combina-
tions. Ethnic subgroups were categorized into four groups
(East Asian, Indian, Brazilians, and Caucasian), while drug
treatment combinations were analyzed as five groups (H, HR,

HRZ, HRZE, and HRZES). Potential publication bias was
determined with both visual inspection with a funnel plot
and statistical evaluation with Begg and Egger’s unweighted
regression test [29, 30], measuring the magnitude of funnel
plot asymmetry. Statistical analyses were implemented with
Stata version 11.2 (Stata Corporation, College Station, TX). It
was considered to be statistically significant when a two-tailed
p-value was less than 0.05.

Results
Identification and characteristics of the included studies

A total of 451 studies were yielded meeting the search
criteria through the literature databases. We screened 19
potentially relevant studies exploring the effect of GSTM1
and GSTT1 polymorphism on the susceptibility of ADIH.
However, after obtaining and reading the full articles, six
studies were excluded: two studies without data of interest
or raw data [31, 32], three review articles [19, 20, 33], and
one duplicated/overlapped article [34, 35]. Searching the
references cited in the published studies manually did not
reveal any additional articles. As a result, only 13 studies
finally met the predetermined inclusion criteria and were
included in this meta-analysis [18, 36—45]. The specific
process of publication selection and exclusion is shown in
Fig. 1. Among these studies, 13 studies including a total of
951 ADIH cases, 1,922 controls dealt with the GSTM1 null
polymorphism, whereas 12 studies providing 847 cases,
1,811 controls dealt with the GSTT1 null polymorphism.
Of the included studies, the populations of seven studies
were of East Asian descent, two studies of Brazilians de-
scent, three studies of Indian descent, and one study of
Caucasian descent. Concerning the effects of different drug
interactions, two articles used H or HR, two articles used

Potentially relevant studies identified

and screened for retrieval (n=451)

Not association between GSTM1,GSTT1
"| and ADIH risk trials based on the Titles
A and Abstracts (n=432)

Studies have possible associations
(n=19)

Review articles (n=3)

Data unavailable (n=2)

Duplicated/overlapped article (n=1)

Studies included in this meta-analysis

Case-control

Case-control
studies on
GSTTI (n=12)

studies on
GSTMI (n=13)

Fig. 1 Flow diagram of this meta-analysis
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HRZ, four articles used HRZE, and three articles used
HRZES. Multiplex polymerase chain reaction (PCR) and
PCR assays were performed in all the included studies.
The main characteristics of the eligible studies are summa-
rized in Table 1.

Quantitative synthesis

Overall, in these 13 studies meeting the inclusion criteria
selected in this meta-analysis, five demonstrated an associ-
ation between the GSTM1 null genotype and an increased
risk of ADIH, which was statistically significant [18, 21, 36,
41, 45], while the remaining eight studies showed no sig-
nificant difference [22, 37—-43]. All groups were pooled and
the OR was 1.36 (95 % CI: 1.04-1.79), which showed an
increased risk effect of the GSTMI1 null genotype on the
susceptibility to ADIH using random-effects models, reach-
ing statistical significance in the Q-test of between-study
heterogeneity (I*=57.6 %, p=0.005) (Table 2, Fig. 2). The
12 included studies dealt with the GSTT1 null polymor-
phism, only one of which considered that the GSTT1 null
genotype was a risk factor for ADIH [39], and no

Table 1 The main characteristics of eligible studies in this meta-analysis

association was found by the other studies [18, 21, 22,
36-38, 40, 42—45]. The result of this meta-analysis showed
a statistically non-significant association between the geno-
type deficiency of GSTT1 and ADIH risk (fixed-effects
model; OR=0.98, 95 % CI: 0.82-1.18; I’=30.7 %, p=
0.848 for heterogeneity) (Table 2, Fig. 3). Table 2 summa-
rizes the meta-analyses of the association of the null
GSTM1 and GSTT1 genotype polymorphisms with ADIH
risk, respectively. The above analysis pooled all data, not
taking into account the different ethnic groups and drug
treatment combinations.

Subgroup analyses were performed in order to evaluate the
covariate effects in the different ethnic groups and drug com-
binations. In the subgroup analyses for the null GSTM1 and
GSTT1 genotype polymorphisms, the combined results
showed that the null GSTM1 genotype polymorphism was
significantly associated with increased risk of ADIH in the
East Asian population under a fixed-effects model (OR=1.59,
95 % CI: 1.3-1.93; I°’=26.6 %, p=0.226 for heterogeneity)
and in the patients receiving HRZE under a fixed-effects
model (OR=1.47, 95 % CI: 1.14-1.9; I*=0 %, p=0.406 for
heterogeneity) and HRZES under a random-effects model

First author (year) Country Ethnicity Sample size (case/ Gender (male/ Anti-TB drugs Genotype Genotyping
[reference] control) female) studied
Huang (2007) [33] China Chinese 63/63 NA NA GSTMI, Multiplex
GSTT1 PCR
Teixeira (2011) [37] Brazil Brazilian 26/141 90/77 INH GSTMI, Multiplex
GSTT1 PCR
Chatterjee (2010) [38] India Indian 51/100 63/88 INH, RMP, PZA GSTMI, Multiplex
GSTT1 PCR
Roy (2001) [18] India Indian 33/33 30/36 INH, RMP, PZA, GSTMI1, PCR
EMB GSTT1
Leiro (2008) [39] Spain Caucasian 35/60 39/56 INH, RMP, PZA GSTMI1, PCR
GSTT1
Tang (2012) [40] China Chinese 89/356 325/120 INH, RMP, PZA, GSTMI, Multiplex
EMB, SM GSTT1 PCR
Wang (2010) [41] China Chinese 104/111 145/70 INH, RMP, PZA, GSTM1 PCR
EMB
Guo (2009) [45] China Chinese 106/106 146/66 INH, RMP, PZA, GSTM1, PCR
EMB, SM GSTTI
Zhu (2011) [42] China Chinese 228/300 292/236 INH, RMP, PZA, GSTMI1, Multiplex
EMB GSTT1 PCR
Kim (2010) [43] Korea Korean 57/190 163/84 INH, RMP, PZA, GSTM1, PCR
EMB GSTT1
Rana (2012) [21] India Indian 48/252 NA INH, RMP GSTMI, Multiplex
GSTT1 PCR
Monteiro (2012) [22] Brazil Brazilian 59/118 117/60 NA GSTM1, PCR
GSTT1
Sotsuka (2011) [44] Japan Japanese 52/92 116/28 INH, RMP, PZA, GSTMI, PCR
EMB, SM GSTTI

NA relative data were not available in the original studies , 7B tuberculosis, /NH isoniazid, RMP rifampicin, PZA pyrazinamide, EMB ethambutol,
SM streptomycin, GSTM1 glutathione S-transferase M1, GSTT! glutathione S-transferase T1, PCR polymerase chain reaction
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Table 2 A summary of combined odds ratios (ORs) with confidence intervals (CIs) in this meta-analysis

Polymorphism Null vs. non-null Odds ratio M Heterogeneity p Egger’s test
OR (95 % CI) pOR (%) p value
GSTM1 Total 1.36 (1.04-1.79) 0.024 R 57.6 0.005 0.959
East Asians 1.59 (1.3-1.93) 0 F 26.6 0.226
Brazilian 1.19 (0.71-2.01) 0.506 F 0 0.524
Indian 1.04 (0.35-3.05) 0.947 R 82.1 0.004
Caucasian 0.73 (0.31-1.74) 0.477 F
INH 0.96 (0.41-2.24) 0.928 F
INH, RMP 0.4 (0.2-0.81) 0.011 F
INH, RMP, PZA 0.89 (0.52-1.51) 0.661 F 0 0.574
INH, RMP, PZA, EMB 1.47 (1.14-1.9) 0.003 F 0 0.406
INH, RMP, PZA, EMB, SM 1.89 (1.09-3.27) 0.023 R 61.6 0.074
GSTT1 Total 0.98 (0.82—-1.18) 0.848 F 30.7 0.146 0.161
East Asians 0.89 (0.72-1.1) 0.272 F 0.2 0.415
Brazilian 0.75 (0.39-1.42) 0.375 F 0 0.953
Indian 1.78 (0.96-3.3) 0.066 F 0 0.516
Caucasian 2.6 (1.08-6.24) 0.033 F
INH 0.77 (0.24-2.41) 0.651 F
INH, RMP 1.5 (0.74-3.03) 0.259 F
INH, RMP, PZA 2.46 (1.14-5.32) 0.022 F 0 0.791
INH, RMP, PZA, EMB 0.85 (0.63-1.14) 0.27 F 39.6 0.191
INH, RMP, PZA, EMB, SM 0.99 (0.72-1.35) 0.933 F 47.4 0.149

M model of meta-analysis, F' fixed-effects model, R random-effects model

p-Value, the p-value of the heterogeneity test
p Egger’s test, the p-value for Egger’s test

The blank heterogeneity values were those which could not be calculated

INH isoniazid, RMP rifampicin, PZA pyrazinamide, EMB ethambutol, SM streptomycin

(OR=1.89, 95 % CI: 1.09-3.27; I*=61.6 %, p=0.076 for
heterogeneity) (Table 2, Fig. 2). In addition, it was observed
that there was, in fact, a statistically significant association
between GSTT1 deficiency and the risk of ADIH in the
patients receiving HRZ (OR=2.46, 95 % CI: 1.14-5.32; I’=
0 %, p=0.791 for heterogeneity) (Table 2, Fig. 3). It was worth
noting that, owing to only a single study, two results deserved
further investigation, which revealed that GSTM1 deficiency
was significantly associated with decreased ADIH risk in the
patients receiving HR and GSTT1 deficiency increased ADIH
risk in the Caucasian population.

Sensitivity analyses and publication bias

Sensitivity analysis was carried out to determine the effect of
individual study on the summary meta-analysis estimate,
wherein an individual study was excluded each time. Substan-
tial changes did not occur for the corresponding combined
ORs, so our results were considered to be statistically robust.
Both Begg’s and Egger’s funnel plot asymmetry test in the

overall meta-analysis performed on the GSTM1 (p-values
were 0.855 and 0.495, respectively) and GSTT1 (p-values
were 0.373 and 0.161, respectively) polymorphism status
revealed no evidence of publication bias.

Discussion

GST, as an important phase 2 enzyme, is principally expressed
in the liver, occupying a key position in detoxification and
metabolism. As two of the most relevant human isoenzymes,
GSTMI1 and GSTT], their genes are polymorphic. The homo-
zygous deletions of GSTM1 and GSTT1 genotypes have been
speculated to be predictors of liver injury. Some studiers have
provided evidence that homozygous null mutations of these
genes increased the risk of liver injury induced by drugs such
as methotrexate [46], troglitazone [47], tacrine [48], carbama-
zepine [49], and so on. However, whether GSTM1 and
GSTT1 null genotypes are genetic predictors of ADIH is still
unclear. The published studies have shown discordant results.
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Meta-analysis has been recognized to have a very strong  Concerning the relationship between GSTM1 and GSTT1
ability to more precisely define the effect of selected genetic  null genotypes and ADIH risk, Sun et al. [19] and Cai et al.
polymorphisms on the susceptibility to disease and identify [20] have made an evaluation using meta-analysis in 2008 and
potentially important sources of between-study heterogeneity. 2012, respectively. After that, to the best of our knowledge,
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Fig. 3 Forest plot for the
overall association between the
null GSTT1 genotype and
ADIH risk. The format of the
figures is as per Fig. 2, except
that the pooled results were
derived from the fixed-effects
model. NA, relative data were
not available in the original
studies
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ROY (2001) 5.71(0.63,51.89) 0.36
Rana (2012) ——— 1.50 (0.74, 3.03) 5.74
Subtotal (I-squared = 0.0%, p = 0.516) < 1.78 (0.96, 3.30) 6.91
Caucasian
Leiro (2008) —s— 2.60 (1.08, 6.23) 2.59
Subtotal (I-squared =.%, p =.) - 2.60 (1.08,6.23) 2.59
Overall (I-squared = 30.7%, p = 0.146) L0 0.98 (0.82, 1.18) 100.00
T T
0193 1 51.9
Study %
D OR (95% Cl) Weight
NA |
Huang (2007) —_— 0.94 (0.46,1.91)  6.60
Monteiro (2012) —_— 0.74(0.34,1.61)  6.48
Subtotal (I-squared = 0.0%, p = 0.658) <> 0.84 (0.49,1.42)  13.09
INH
Teixeira (2011) —_— 0.77 (0.24,2.41)  3.04
Subtotal (I-squared =%, p = .) _ 0.77 (0.24,2.41)  3.04
INH,RMP, PZA
Chatterjee (2010) —_— 2.02 (0.39, 10.39) 0.81
Leiro (2008) —_—— 2.60 (1.08,6.23)  2.59
Subtotal (I-squared = 0.0%, p = 0.791) L 2.46 (1.14,5.32)  3.40
INH,RMP,PZA EMB
ROY (2001) 5.71(0.63,51.89) 0.36
Zhu (2011) —— 0.85 (0.60, 1.20)  29.90
Kim (2010) —_— 0.69(0.38,1.26) 11.14
Subtotal (I-squared = 39.6%, p = 0.191) <T 0.85(0.63, 1.14)  41.41
INH,RMP,PZA, EMB,SM
Tang (2012) — 0.96 (0.60,1.52)  15.41
GUO (2009) —_—— 1.41(0.82,242) 9.39
Sotsuka (2011) —_— 0.58 (0.28,1.19) 853
Subtotal (I-squared = 47.4%, p = 0.149) <> 0.99 (0.72,1.35)  33.34
INH,RMP
Rana (2012) —t—— 1.50 (0.74,3.03) 5.74
Subtotal (I-squared =.%, p =) < _— 1.50 (0.74,3.03) 574
Overall (I-squared = 30.7%, p = 0.146) <P 0.98 (0.82,1.18)  100.00
T T

studies was that the small sample sizes of individual studies
may result in low statistical power. Therefore, the principal
purpose of this updated meta-analysis was to examine an
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association of two polymorphisms of GST (M1 and T1) with
ADIH risk containing a larger sample size which included all
the available published studies (13 studies) with a total of 951
cases and 1,922 controls concerning the GSTM1 polymor-
phism, and 12 studies with 847 cases and 1,811 controls
concerning the GSTT1 polymorphism. Moreover, this was
the first systematic review to evaluate the interaction of dif-
ferent drug combinations in the subgroup analysis. Heteroge-
neity analysis and sensitivity analysis were also critically
carried out to ensure the epidemiological credibility of this
meta-analysis. Overall, the main results of our review provid-
ed evidence that the GSTMI1 polymorphism was associated
with the increased susceptibility to ADIH in the total popula-
tion but not for GSTT1 null/null genotypes, which was con-
sistent with two previous meta-analyses [19, 20]. For the non-
significant differences in the GSTT1 polymorphism between
the case group and the control group, the most likely explan-
ations were as follows: (1) in the substrates of GSTM1 and
GSTT1 enzymes existed a cross-phenomenon in the human
body, toxic metabolites of anti-tuberculosis drugs may be
detoxified more by GSTM1 enzyme, compensating partly
for the role of GSTT1 enzyme; (2) the low frequency of ADIH
patients with GSTT1 and a small sample size may lead to the
statistically non-significant results. Confirmation with a large-
scale study is mandatory.

The sources of heterogeneity, as a potential problem
when interpreting the results of all meta-analyses, is one of
the most important goals of meta-analysis [50]. Generally,
there was significant between-study heterogeneity in the
association between GSTM1 and ADIH in the overall pop-
ulations, rather than GSTT1 null genotypes. To find the
major sources of heterogeneity for the GSTMI1 polymor-
phisms, we first performed two subgroup meta-analyses by
ethnicity and different treatment combinations. Subgroup
analyses indicated that the heterogeneity was still significant
in the Indian and HRZES use populations, which contribut-
ed greatly to the existence of overall heterogeneity. Gal-
braith plots then indicated two studies [21, 45] as outliers,
which were possibly the sources of heterogeneity. The het-
erogeneity was adjusted and eliminated (I’=3.1 %) after the
exclusion of these studies. Meanwhile, the evaluation mag-
nitude was increased (OR=1.39) and a more precise 95 %
CI (1.16-1.66) was obtained. Therefore, we could draw a
conclusion that the studies by Guo et al. [45] and Rana et al.
[21] may be the major reason for the heterogeneity in the
GSTMI1 polymorphisms analysis and that they might have
some differences in comparison with other studies in the
control selection procedures or other ambiguous aspects.
For example, as two major risk factors of ADIH analyzed,
body mass index and alcohol drinking were significantly
associated with ADIH between the case group and the
control group in Guo et al.’s study [45]. Nevertheless, the
data were integrated without adjusting for the influences of
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body mass index and drinking. This discordance in the
selection of controls among different publications might
possibly lead to between-study heterogeneity. The hypothe-
sis above was further validated.

The different distribution of various ethnicities between
cases and controls may be the answer for confounding when
pooling studies [51, 52]. Furthermore, major ethnic differ-
ences in the frequency of these GSTM1 and T1 null geno-
types may exist [50]. Hence, we performed subgroup
analyses by ethnicity and different treatment combinations
in order to avoid potential overestimation of the true effect
of polymorphism on ADIH risk. We found that the GSTM 1
null genotype was significantly associated with the risk of
ADIH in the East Asian population and patients receiving
HRZE and HRZES rather than in other population. Regard-
ing GSTTI1 null allele carriers, the subgroup analyses
showed that the associations above were significant in the
Caucasian population and patients receiving HR and HRZ,
and there was no association in the other subgroup. These
observations may suggest racial predisposition and, poten-
tially, different mechanisms occurring with different drug
treatments. However, these associations are still not fully
certain. The same polymorphism playing different roles in
disease susceptibility amongst the different ethnicities and
treatment combinations may be due to several possibilities
deserving attention. (1) They may indicate authentically
different effects of the GSTM1 deleted genotype on ADIH
risk, but not for GSTT1 null allele carriers. ADIH is a
complicated multigenetic disease and different ethnic genet-
ic backgrounds and drug interactions may contribute to the
discrepancy. (2) Owing to the lack of a large number of
relevant studies included in this meta-analysis, especially for
Caucasians and HR and HRZ use patients, with only one
article each, the ethnic and drug use collocations observed in
this meta-analysis are also likely to be the result of happen-
stance because studies with small sample sizes possibly
have no inadequate statistical power to detect a slight effect
or may have created a fluctuation of risk estimates. (3) The
discrepancy was also likely to stem from different study
designs, insufficient power, and various methodology, in-
cluding inclusion and/or exclusion criteria, quality of in-
cluded studies, selection bias, and type I error, with no
connection with ethnicities and treatment combinations of
cases. Currently, the association between the GSTM1 and
GSTT! polymorphisms and ADIH risk remained enigmatic,
the finding of which needs further confirmation in a large-
scale study.

Some potential limitations in our study deserve consid-
eration. Firstly, some potential confounding factors, such as
age, sex, nutrition, complications of diseases, alcohol abuse,
body mass index, smoking status, HIV infection, and viral
hepatitis B and C infections, cannot be ruled out, stemming
from the unadjusted data used. Secondly, the between-study
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heterogeneity is a problem in the present analysis. A fairly
large degree of heterogeneity was identified for the associ-
ation between GSTM1 and ADIH in the overall populations.
The observed heterogeneity did not disappear when sub-
group analyses were performed; therefore, it should be
prudent to consider this when drawing corresponding con-
clusions. Thirdly, it should also be necessary to emphasize
that the conclusion for Caucasians and HR and HRZ used
tuberculosis must be interpreted prudently, owing to a single
report of an association between a genetic variant and dis-
ease susceptibility in this meta-analysis. Fourthly, although
according to a sensitive search strategy set eligible studies
were retrieved, we cannot eliminate the fact that some
studies and unpublished reports might have been missed.
Therefore, we might miss a chance to obtain a larger sample
size and increased statistical power. Fifthly, tuberculosis
diagnosis standard and ADIH patients’ enrollment criteria
were not absolutely identical in the involved studies, in-
creasing the likelihood of selection bias in our study. Sixth-
ly, this meta-analysis took no account of some other
important factors when using anti-tuberculosis drugs, such
as type and dosage, therapeutic regimes (DOTS or non-
DOTS), and so on, which may possibly affect the suscepti-
bility to ADIH for GSTM1 or GSTT1 null genotypes.

In summary, this meta-analysis provides evidence that the
GSTMI polymorphism is associated with increased risk of
ADIH in the entire population, especially among East
Asians. Moreover, no significant differences were observed
for the association between the GSTT1 polymorphism and
the risk of ADIH in the whole population. To date, there is
inadequate evidence implicating GSTM1 and GSTT1 poly-
morphisms in the etiology of ADIH for population testing;
greater attention, should, therefore be paid to the design of
future studies. Due to the relatively limited studies on the
relationship between different GST genotypes and ADIH,
the role of these genes cannot be elucidated fully; thus,
larger sample sizes and well-designed multicentric studies
must be conducted in order to reassess such an association.
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