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Abstract Oxidative stress is one of the main risk factors for

asthma development. Glutathione S-transferases play an

important role in antioxidant defences and may influence

asthma susceptibility. In particular, GSTM1 and GSTT1

positive/null genotypes and the GSTP1*Ile105 Val poly-

morphism have been analyzed in a number of genetic asso-

ciation studies, with conflicting outcomes. Two previous

meta-analyses have attempted to clarify the associations

between GST genes and asthma, but these studies have also

showed contrasting results. Our aim was to perform a meta-

analysis that included independent genetic association studies

on GSTM1, GSTP1, and GSTT1, evaluating also the effect of

potential confounding variables (i.e. ethnicity, population

age, and urbanization). Systematic review and meta-analysis

of the effects of GST genes on asthma were conducted. The

meta-analyses were performed using a fixed or, where

appropriate, random effects model. The meta-analysis of the

GSTM1 (n = 35), GSTT1 (n = 31) and GSTP1 (n = 28)

studies suggests that no significant associations with asthma

susceptibility were observed for GSTM1 and GSTP1 gene

polymorphisms, whereas a significant outcome was detected

for the GSTT1 positive/null genotype (pooled OR = 1.33,

95 %CI = 1.10–1.60). However, high between-study

heterogeneity was identified in all the general analyses

(pheterogenetity \ 0.05). The stratification analysis seems to

explain the heterogeneity only in few cases. This picture is

probably due to the interactive process of genetics and envi-

ronment that characterizes disease pathogenesis. Further

studies on interactions of GST genes with the potential oxi-

dative stress sources and with other antioxidant genes are

needed to explain the role of GST enzymes in asthma.
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Introduction

Asthma is an inflammatory disorder of the airways charac-

terized by reversible airway obstruction and bronchial

hyper-responsiveness [1]. To date, several studies have

revealed that the complex interaction of cell and pro-

inflammatory mediators are responsible for the pathogenesis

of asthma. Among the inflammatory mediators, sources of

oxidant injury are endogenous reactive oxygen species

generated by cellular metabolism and by the inhalation of

atmospheric pollutants [2]. These factors, which contribute

to the severity and symptom exacerbation of asthma, are

countered by both enzymatic and non enzymatic antioxi-

dants, including vitamins C and E and glutathione (GSH),

a major protective antioxidant in the lungs that also

plays a fundamental role in the regulation of inflammatory

responses [3]. Glutathione S-transferases (GSTs) catalyze
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the conjugation of electrophilic compounds to GSH. Their

catalytic activities make these enzymes crucial to the

detoxification of a wide range of endogenous and exogenous

compounds [4]. Polymorphisms of genes encoding GST

enzymes influence their functionality in the lungs and other

organs, and this can confer genetic susceptibility to oxidative

stress and, consequently, to asthma [5, 6].

For this reason, the potential role for GST polymor-

phisms to modulate disease and adverse responses has been

the subject of numerous molecular epidemiologic studies

[7–9]. The most extensively studied GST polymorphisms

occurs in three isozymes: GSTM1, GSTP1, and GSTT1.

Gene polymorphisms affect the activity of these enzymes:

gene deletion polymorphisms occurs in the GSTM1 and

GSTT1 gene, whereas a missense substitution (I105V,

rs1695) characterizes GSTP1 [10].

Considering their biochemical function, the association

between GST genes and asthma development risk has been

thoroughly examined; published data have reported con-

trasting results [11, 12]. Specifically, studies have assessed

the effects of GSTM1 and GSTT1 null genotypes and GSTP1

Val105 allele. Studies on GSTM1, GSTT1 and asthma have

confirmed or rejected that these genes have been associated

with an increased susceptibility to asthma development in

children and adults. Also, for the GSTP1 gene, the Val allele

reportedly protects against asthma in adults [13–15]. Con-

versely, in other studies, the Val105 allele seems to increase

the risk of asthma in children [16, 17]. Others authors have

not noted evidence of associations between GSTP1*I-

le105Val polymorphism and asthma [18, 19]. All the men-

tioned studies have reflected upon the meta-analytical level,

albeit with significant potential for improvement. Concern-

ing the association between GST polymorphisms and

asthma, only two meta-analyses have been published, with

conflicting outcomes [2, 20]. Careful examination of the

studies included therein reveals, however, that other eligible

case–control studies have not been taken into account;

additional studies have appeared, thereby increasing the

amount of the available data. Furthermore, the previous

meta-analyses did not analyze the effects of important con-

founding variables, such as ethnicity and urbanization.

The aim of our study is to perform a meta-analysis that

includes genetic association studies on GST and asthma risk,

analyzing the effect of ethnicity, population age, and urban-

ization in order to explain the heterogeneity of the results.

Materials and methods

Literature search

Eligible articles were identified through a search of the

Medline and Hugenet databases through February of 2012

using combination of the following keywords: ‘‘glutathione

S-transferase’’, ‘‘GST’’, ‘‘glutathione S-transferase M1’’,

‘‘GSTM1’’, ‘‘glutathione S-transferase P1’’, ‘‘GSTP1’’,

‘‘glutathione S-transferase T1’’, ‘‘GSTT1’’, ‘‘asthma’’, and

‘‘asthma development’’. In addition, we checked all the

references of relevant reviews and eligible articles that our

search retrieved. No restrictions were placed on language

or type of report, and conference abstracts were also

included. When multiple reports were available for a single

study, only the most recent article, or the article with the

largest sample size, was included. Authors of studies were

contacted for further information whenever the data

required by the meta-analysis were not fully reported in the

article.

Meta-analysis

Case–control, cohort, and cross sectional studies with any

sample size examining the association between asthma and

GSTM1 null genotype, GSTT1 null genotype and GSTP1

Ile105Val polymorphism were considered eligible for this

meta-analysis. For each study we collected the following

data: journal name, year of publication, characteristics of the

included studies (in relation to the source of cases and con-

trols), method of ascertainment of the diagnosis (inclusion

and exclusion criteria), asthma characteristics (atopic or

non- atopic), demographic characteristics of the population

being studied, prevalence of meaningful risk factors

(smoking habits, and family history of asthma). This was

done both in cases and controls. We also collected data on

geographical location and ethnicity. On the basis of the

information reported by the authors, we divided geographi-

cal location in urban areas or non urban areas by population

estimate in accordance with demographia world urban areas:

seventh annual edition [http://www.demographia.com/

db-worldua.pdf].

We excluded from our analysis familiar, only-case, and

occupational asthma studies. For each study frequencies of

GSTP1*I105V genotypes and frequencies of GSTM1 and

GSTT1 positive/null genotypes in cases and controls and

crude odds ratios (ORs) were collected. A wide range of

studies evaluated GSTM1 and GSTT1 as presence/absence

of gene deletion, so meta-analyses of these polymorphisms

were performed using a single OR (null vs. present).

Results for GSTP1 Ile105Val were reported as two ORs: a

dominant OR (Ile/Val ? Val/Val vs. Ile/Ile) and a reces-

sive OR (Val/Val vs. Ile/Ile ? Ile/Val). Regarding GSTP1

Ile105Val polymorphisms, a sensitivity analysis was per-

formed excluding studies where allele frequencies exhib-

ited a significant deviation from the Hardy–Weinberg

equilibrium (HWE). Statistical significance was defined as

p \ 0.05. The Q test and the I2 statistic were used to

investigate respectively the presence of between-study
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heterogeneity and the proportion of variation across studies

due to heterogeneity rather than random error [21]. Possi-

ble causes of heterogeneity were investigated by subgroup

analyses based on ethnicity, urbanization, and population

age. For ethnicity, we considered four ethnic classes:

Asian, European, Mediterranean African, and Turkish. For

urbanization, the variables were defined as metropolis

([1 million inhabitants), city (500 thousand to 1 million

inhabitants), and country-side (\500 thousand inhabitants).

In the analyses, we used as a subgroup variable the com-

bination of these categories, or, rather, we used a variable

with four categories: 1= ‘‘Cases: Adults and Controls:

Adults’’, 2= ‘‘Cases: Children and Controls: Children–

Adults’’, 3= ‘‘Cases: Children and Controls: Adults’’, 4=

‘‘Cases: Children and Controls: Children’’. All statistical

analyses were performed using STATA 10.1 (Stata Corp,

College Station, TX, USA); the meta-analyses were per-

formed using a fixed or, where appropriate, random effects

model to estimate pooled OR. Publication bias was eval-

uated with the funnel plot and the Begg and Mazumdar

Rank correlation test and Egger’s regression method. Then

with Duvall and Tweedie’s trim and fill procedure, we

tested how the effect size would shift, when the apparent

bias was removed. Temporal effect was also estimated with

a cumulative meta-analysis.

Results

Systemic review and meta-analysis

In Fig. 1, we reported the flow-chart that represents the

inclusion and exclusion criteria of studies. From our initial

research we identified 2,483 articles. Among those, after

screening for titles and abstracts, we identified 95 studies;

after cross-checking references we identified 20 additional

papers so we examined and retrieved 115 papers for more

detailed evaluation. 43 eligible articles were considered;

we excluded occupational asthma reports, multiple reports

of the same studies, family-based studies, other outcomes

reports, editorials and reviews. We contacted the authors of

14 papers with no genotype data available and seven of

those authors gave us the genotype data.

We included in the meta-analysis data collected from

cohorts (n = 3), cross-sectional studies (n = 3), and case–

control studies (n = 37). For the cohorts and cross-sec-

tional studies we contacted authors to better define a

control group (defined as group of individual without any

respiratory disease), in order to equate to a case–control

study and to collect data on GST gene polymorphism

distribution. Association with asthma was evaluated in 35

studies on GSTM1, 31 on GSTT1, and 28 on GSTP1. In

Table 1, other characteristics of the population based

studies included in the meta-analyses are summarized,

while genotype counts by disease outcome are reported in

Supplemental Table 1 (Online Resource 1).

Meta-analyses on GSTM1 positive/null genotype

For the evaluation of the association of GSTM1 and asthma,

35 published studies were considered, a total of 6,661

affected and 17,220 non-affected individuals were included.

The meta-analysis showed an increased risk of asthma

associated with the GSTM1 null genotype (pooled

OR = 1.12, 95 %CI = 0.99–1.26, p = 0.072; Fig. 2). This

outcome, however, appears to be insignificant and large

between-study heterogeneity was observed (Q = 109.17,

p \ 0.001; I2 = 68.9 %). A funnel plot was performed to

evaluate the publication bias of literature on GSTM1 and

asthma. The shape of the funnel plot seemed asymmetrical

(Supplemental Fig. 1; Online Resource 2), but the Begg and

Mazumdar Rank correlation test (p = 0.551) and Egger’s

regression method (bias = 1.95, t = 1.06, p = 0.299)

highlighted no publication bias. Moreover, a temporal effect

has been recognized in the study outcomes (Supplemental

Fig. 2; Online Resource 3).

To explain the large heterogeneity in the general meta-

analysis, stratification analyses were conducted. Firstly we

considered ethnicity as a stratification variable. 16 studies

were carried out on European populations, ten studies on

Asian populations, four studies on Turkish population, and

Fig. 1 The flow chart of the studies included in the meta-analysis
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ty
p

ic
al

h
is

to
ry

o
f

at
ta

ck
s

o
f

b
re

at
h

le
ss

n
es

s
an

d
/o

r

w
h

ee
zi

n
g

,
n

o
ct

u
rn

al
co

u
g

h
,

ch
es

t
ti

g
h

tn
es

s
ei

th
er

sp
o

n
ta

n
eo

u
sl

y
o

r
tr

ig
g

er
ed

;
(2

)
re

v
er

si
b

il
it

y
o

f
F

E
V

1
,

g
re

at
er

th
an

1
5

%
af

te
r

a
st

an
d

ar
d

d
o

se
o

f
in

h
al

ed
b

2
-

ag
o

n
is

t;
(3

)
d

iu
rn

al
v

ar
ia

b
il

it
y

in
p

ea
k

ex
p

ir
at

o
ry

fl
o

w

(P
E

F
)

ra
te

o
f

g
re

at
er

th
an

2
0

%
.
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p
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n
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s
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d
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S
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si
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D
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n
it
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n

o
f

d
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u

tc
o

m
e

T
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.

[1
6

]
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as

es
:

p
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ie
n

ts
w
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o

v
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it
ed

M
er

si
n

U
n

iv
er

si
ty

H
o

sp
it

al

C
o

n
tr

o
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:
h

ea
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h
y
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iv
id

u
al

s
w

h
o

v
is

it
ed
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er

si
n

U
n

iv
er

si
ty

H
o

sp
it

al
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r
an

an
n

u
al

ch
ec

k
-u

p
an

d
h

o
sp

it
al

st
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f

T
u

rk
ey

,
M

er
si

n
A

d
u

lt
s

2
0

4
D

ia
g

n
o

si
s

b
as

ed
ac

co
rd

in
g

to
th

e
A

m
er

ic
an

T
h

o
ra

ci
c

S
o

ci
et

y
st

at
em

en
t.

A
to

p
y

w
as

d
efi

n
ed

b
y

th
e

p
re

se
n

ce

o
f

a
p

er
so

n
al

h
is

to
ry

o
f

al
le

rg
ie

s,
se

as
o

n
al

rh
in

it
is

,

ec
ze

m
a,

o
r

al
le

rg
ic

co
n

ju
n

ct
iv

it
is

an
d

a
p

o
si

ti
v

e
sk

in

p
ri

ck
te

st
re

sp
o

n
se

E
b

ra
h

im
i

et
al

.
[3

6
]

C
as

es
:

p
at

ie
n

ts
o

f
th

e
P

u
lm

o
n

o
lg

y
In

st
it

u
te

in
K

ie
v

,
U

k
ra

in
e

C
o

n
tr

o
ls

:
N

/A

U
k

ra
in

e,
K

ie
v

ci
ty

A
d

u
lt

s
3

4
8

D
ia

g
n

o
se

d
b

y
a

p
h

y
si

ci
an

.
A

st
h

m
a

d
ia

g
n

o
si

s:
(1

)

re
cu

rr
en

t
b

re
at

h
le

ss
n

es
s

an
d

ch
es

t
ti

g
h

tn
es

s;
(2

)

p
h

y
si

ci
an

d
o

cu
m

en
te

d
w

h
ee

ze
;

(3
)

d
o

cu
m

en
te

d
la

b
il

e

ai
rfl

o
w

o
b

st
ru

ct
io

n
w

it
h

v
ar

ia
b

il
it

y
in

se
ri

al
p

ea
k

ex
p

ir
at

o
ry

fl
o

w
ra

te
s

g
re

at
er

th
an

1
5

%
.

Z
h

an
g

et
al

.

[3
7

]

N
/A

C
h

in
a,

T
an

g
sh

an
A

d
u

lt
s

1
2

0
N

/A

L
ee

et
al

.

[3
8

]

C
ro

ss
-s

ec
ti

o
n

al
sc

h
o

o
l

b
as

ed
su

rv
ey

b
et

w
ee

n
F

eb
ru

ar
y

an
d

Ju
n

e
2

0
0

1

T
ai

w
an

,
T

ai
n

an
ci

ty
C

h
il

d
re

n
2

6
6

A
st

h
m

a
d

ia
g

n
o

si
s

w
er

e
b

as
ed

o
n

a
q

u
es

ti
o

n
n

ai
re

;

p
u

lm
o

n
ar

y
fu

n
ct

io
n

te
st

b
as

ed
o

n
th

e
A

m
er

ic
an

T
h

o
ra

ci
c

S
o

ci
et

y
st

at
em

en
t

an
d

m
et

h
ac

o
li

n
e

ch
al

le
n

g
e

te
st

.

N
ic

k
el

et
al

.

[3
9

]

(a
)

F
re

ib
u

rg
as

th
m

at
ic

p
o

p
u

la
ti

o
n

.
C

as
es

:
p

at
ie

n
ts

w
er

e

re
cr

u
it

ed
at

th
e

C
h

il
d

re
n

’s
U

n
iv

er
si

ty
H

o
sp

it
al

in
F

re
ib

u
rg

,

(b
)

M
u

lt
ic

en
te

r
A

ll
er

g
y

S
tu

d
y

(M
A

S
)

p
o

p
u

la
ti

o
n

.

G
er

m
an

y
,

(a
)

F
re

ib
u

rg
;

(b
)

B
er

li
n

o
,

D
u

ss
el

d
o

rf
,

F
re

ib
u

rg
,

M
ai

n
z,

M
o

n
ac

o

C
h

il
d

re
n

(a
)

N
=

3
0

0
,

(b
)

N
=

2
0

5

(a
)

D
ia

g
n

o
si

s
in

cl
u

d
ed

q
u

es
ti

o
n

n
ai

re
s

o
n

as
th

m
a

sy
m

p
to

m
s

an
d

m
ed

ic
at

io
n

,
d

et
er

m
in

at
io

n
o

f
to

ta
l

an
d

sp
ec

ifi
c

Ig
E

an
ti

b
o

d
ie

s,
p

u
lm

o
n

ar
y

fu
n

ct
io

n
te

st
s,

d
et

er
m

in
at

io
n

o
f

ex
er

ci
se

-i
n

d
u

ce
d

fa
ll

in
F

E
V

1
,

an
d

b
ro

n
ch

ia
l

h
is

ta
m

in
e

p
ro

v
o

ca
ti

o
n

s.
(b

)
C

li
n

ic
al

d
ia

g
n

o
si

s
w

it
h

p
u

lm
o

n
ar

y
fu

n
ct

io
n

te
st

s
an

d
h

is
ta

m
in

e

p
ro

v
o

ca
ti

o
n

s
w

er
e

p
er

fo
rm

ed
at

7
y

ea
rs

o
ld

O
h

et
al

.

[4
0

]

C
as

es
:

p
at

ie
n

ts
w

er
e

re
cr

u
it

ed
at

th
e

A
ll

er
g

y
C

li
n

ic
at

A
jo

u

U
n

iv
er

si
ty

H
o

sp
it

al
,

S
o

o
n

ch
u

n
h

y
an

g
U

n
iv

er
si

ty
S

eo
u

l

H
o

sp
it

al
an

d
B

u
ch

o
n

H
o

sp
it

al
,

in
K

o
re

a

C
o

n
tr

o
ls

:
v

o
lu

n
te

er
s

w
er

e
re

cr
u

it
ed

at
th

e
A

ll
er

g
y

C
li

n
ic

at

A
jo

u
U

n
iv

er
si

ty
H

o
sp

it
al

,
S

o
o

n
ch

u
n

h
y

an
g

U
n

iv
er

si
ty

S
eo

u
l

H
o

sp
it

al
an

d
B

u
ch

o
n

H
o

sp
it

al
,

in
K

o
re

a

K
o

re
a,

A
jo

u
,

S
eo

u
l

an
d

B
u

ch
o

n

A
d

u
lt

s
3

6
1

D
ia

g
n

o
si

s
o

f
as

th
m

a
w

as
b

as
ed

B
ro

n
ch

ia
l

h
y

p
er

re
sp

o
n

si
v

en
es

s
w

as
as

se
ss

ed
b

y
th

em
et

h
ac

h
o

li
n

e

b
ro

n
ch

ia
l

ch
al

le
n

g
e

te
st

.
A

sp
ir

in
in

to
le

ra
n

t
as

th
m

a
w

as

d
ia

g
n

o
se

d
o

n
p

o
si

ti
v

e
re

sp
o

n
se

s
to

a
ly

si
n

e
as

p
ir

in
(L

-

A
S

A
)

b
ro

n
ch

o
p

ro
v

o
ca

ti
o

n
te

st
fo

r.
S

k
in

p
ri

ck
te

st
s

w
er

e
p

er
fo

rm
ed

to
as

se
s

at
o

p
ic

st
at

u
s.

A
rb

ag
et

al
.

[4
1

]

C
as

es
:

p
at

ie
n

ts
w

it
h

as
th

m
a

d
ia

g
n

o
se

s
re

cr
u

it
ed

at
th

e

D
ep

ar
tm

en
t

o
f

ch
es

t
d

is
ea

se
,

M
er

am
M

ed
ic

al
S

ch
o

o
l,

U
n

iv
er

si
ty

o
f

S
el

cu
k

C
o

n
tr

o
ls

:
h

ea
lt

h
y

p
eo

p
le

w
it

h
n

o
h

is
to

ry
o

f
d

is
ea

se
s

w
er

e

re
cr

u
it

ed
at

th
e

M
er

am
M

ed
ic

al
S

ch
o

o
l,

U
n

iv
er

si
ty

o
f

S
el

cu
k

T
u

rk
ey

,
K

o
n

y
a

A
d

u
lt

1
3

3
D

ia
g

n
o

se
d

b
y

a
p

h
y

si
ci

an

E
rc

an
et

al
.

[4
2

]

C
as

es
:

ch
il

d
re

n
w

h
o

w
er

e
d

ia
g

n
o

se
d

at
th

e
P

ed
ia

tr
ic

A
ll

er
g

y

an
d

A
st

h
m

a
U

n
it

o
f

H
ac

et
te

p
e

U
n

iv
er

si
ty

,
S

ch
o

o
l

o
f

M
ed

ic
in

e,
A

n
k

ar
a,

T
u

rk
ey

C
o

n
tr

o
ls

:
sc

h
o

o
l

ch
il

d
re

n
w

h
o

re
sp

o
n

d
ed

n
eg

at
iv

el
y

to
an

es
ta

b
li

sh
ed

an
d

v
al

id
at

ed
as

th
m

a
q

u
es

ti
o

n
n

ai
re

T
u

rk
ey

C
h

il
d

re
n

5
6

7
D

ia
g

n
o

se
d

b
y

a
p

h
y

si
ci

an
;

as
th

m
a

d
ia

g
n

o
si

s
w

as
b

as
ed

o
n

G
IN

A
cr

it
er

ia
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p
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d
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p
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D
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d
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H
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.
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]

C
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es
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tr
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C
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ch
R

ep
u

b
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S
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re

g
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n
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1
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b
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si
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m
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o
n
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IN
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P
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a

et
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.
[2

5
]

C
as

es
:

N
/A

C
o

n
tr

o
ls

:
N

/A

P
o

la
n

d
A

d
u

lt
s

6
0

9
N

/A

X
i

et
al

.

[6
3

]

C
as

es
:

N
/A

C
o

n
tr

o
ls

:
N

/A

C
h

in
a

N
/A

1
0

7
N

/A

A
b

d
el

-A
li

m

et
al

.
[1

4
]

C
as

es
an

d
co

n
tr

o
ls

:
at

te
n

d
an

ts
o

f
th

e
o

u
tp

at
ie

n
t
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in
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o

f

al
le

rg
y

an
d

im
m

u
n

o
lo

g
y

,
C

ai
ro

U
n

iv
er

si
ty

P
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d
ia

tr
ic

H
o

sp
it

al

E
g

y
p

t,
C

ai
ro

C
h

il
d

re
n

9
0

D
ia

g
n

o
se

d
b

y
a

p
h

y
si

ci
an

;
as

th
m

a
d

ia
g

n
o

si
s

w
as

b
as

ed

o
n

G
IN

A
cr

it
er

ia

H
an

en
e

et
al

.
[1

5
]

N
/A

T
u

n
is

ia
,

A
ri

an
a

C
h

il
d

re
n

2
1

7
A

st
h

m
a

d
ia

g
n

o
si

s
w

as
b

as
ed

o
n

a
q

u
es

ti
o

n
n

ai
re

Im
b

o
d

en

et
al

.
[4

4
]

C
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es
an

d
co

n
tr

o
ls

:
p

ar
ti

ci
p

an
ts

o
f

th
e

S
A

P
A

L
D
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co

h
o

rt
s

S
w

it
ze
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an

d
A

d
u

lt
s

4
0

5
3

A
st

h
m

a
d

ia
g

n
o

si
s

w
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b
as

ed
o

n
a

se
lf

-r
ep

o
rt

o
f

p
h

y
si

ci
an
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g
n

o
se

d
as

th
m
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v

al
id

sp
ir

o
m

et
ry

an
d

b
ro

n
ch

ia
l

ch
al

le
n

g
e

d
at

a

K
am

ad
a

et
al

.
[4

5
]

(a
)

C
as

es
:

p
at

ie
n

ts
o

f
th

e
O
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k

a
P
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fe
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u

ra
l

M
ed
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al

C
en
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r

fo
r

R
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p
ir
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o

ry
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d
A

ll
er

g
ic

D
is

ea
se

s
an

d
th

e
M

iy
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e

A
st

h
m

a
C

li
n
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C
o

n
tr

o
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o
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n
te

er
s

re
cr
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it

ed
in

th
e

T
o

k
y

o
an
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k

a
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s

(b
)

C
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es
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p
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ie
n
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H
o
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s
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e
S
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d

ai
ar

ea

C
o

n
tr

o
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:
v

o
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n
te

er
s
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cr

u
it

ed
in

th
e

S
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d
ai

ar
ea

Ja
p

an
B

o
th

G
ro

u
p

(a
)

1
1

0
1

,

g
ro

u
p

(b
)

2
9

9

D
ia

g
n

o
se

d
b

y
a

p
h

y
si

ci
an

;
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th
m

a
d

ia
g

n
o

si
s

w
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b
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ed

o
n

th
e

A
m

er
ic

an
T

h
o

ra
ci

c
S

o
ci

et
y
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it

er
ia

M
ak

et
al

.

[4
6

]

C
as

es
:

p
at

ie
n

ts
at

as
th

m
a

cl
in

ic
at

th
e

Q
u

ee
n

M
ar

y
H

o
sp

it
al

in

H
o

n
g

K
o

n
g

C
o

n
tr

o
ls

:
v

o
lu

n
te

er
s

re
cr

u
it

ed
fr

o
m

a
ra

n
d

o
m

p
o

p
u

la
ti

o
n

sa
m

p
le

in
H

o
n

g
K

o
n

g

C
h

in
a,

H
o

n
g

K
o

n
g

an
d

G
u

an
d

o
n

g
P

ro
v

in
ce

A
d

u
lt

s
6

3
0

D
ia

g
n

o
se

d
b

y
a

p
h

y
si

ci
an

;
as

th
m

a
d

ia
g

n
o

si
s

w
as

b
as

ed

o
n

th
e

A
m

er
ic

an
T

h
o

ra
ci

c
S

o
ci

et
y

cr
it

er
ia

S
al

am
et

al
.

[4
7

]

C
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es
an

d
co

n
tr

o
ls

w
er

e
d
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w

n
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o
m
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three studies evaluated the Mediterranean African popula-

tion. Two studies with particular ethnic origins (a study on

Iranian population [22] and a study on a mixed European/

African-American population [23]) were not reported. No

statistical association was observed in each ethnic group

(Europe: pooled OR = 1.08, 95 %CI = 0.98–1.19; Asia:

pooled OR = 1.07, 95 %CI = 0.84–1.36; Turkey: pooled

OR = 1.10, 95 %CI = 0.61–1.99; Mediterranean Africa:

pooled OR = 0.84, 95 %CI = 0.28-–2.52) and a high het-

erogeneity within each group was observed, with the

exception of the European subgroup in which there was a

consistency (Europe: I2 = 24.6 %, p = 0.176; Asia:

I2 = 76.2 %, p \ 0.001; Turkey: I2 = 72.4 %, p \ 0.013;

Mediterranean Africa: I2 = 88.9, p \ 0.001). In the strati-

fication analysis by urbanization, we considered 18 studies

on metropolis locations, and 15 studies on country-side

locations. Two studies were not reported: a study conducted

in a city [24], and a study without information about the

sampling location [22]. The stratification analysis by

urbanization did not reveal any significant associations

(metropolis: pooled OR = 1.12, 95 %CI = 0.93–1.35;

country-side: pooled OR = 1.07, 95 %CI = 0.91–1.25) and

highlighted the presence of a high heterogeneity within each

group (metropolis: I2 = 70.2, p \ 0.001; country-side:

I2 = 66.3, p \ 0.001). In the age-stratification analysis we

considered 14 ‘‘Cases: Adults and Controls: Adults’’ studies,

11 ‘‘Cases: Children and Controls: Children’’ studies, four

‘‘Cases: Children and Controls: Adults’’ studies, and two

‘‘Cases: Children and Controls: Children–Adults’’ studies;

we did not report four studies without age information. The

OR estimated for each subgroup was not statistically sig-

nificant (‘‘Cases: Adults and Controls: Adults’’: pooled

OR = 1.08, 95 %CI = 0.91–1.27; ‘‘Cases: Children and

Controls: Children’’: pooled OR = 1.07, 95 %CI = 0.86–

1.32; ‘‘Cases: Children and Controls: Adults’’: pooled

OR = 1.10, 95 %CI = 0.71–1.71; ‘‘Cases: Children and

Controls: Children–Adults’’: pooled OR = 1.45, 95 %CI =

0.89–2.37) and high heterogeneity was observed in each

subgroup, with the exception of ‘‘Cases: Children and Con-

trols: Children–Adults’’ (‘‘Cases: Adults and Controls:

Adults’’: I2 = 62.4 %, p = 0.001; ‘‘Cases: Children and

Controls: Children’’: I2 = 66.9 %, p = 0.001; ‘‘Cases:

Children and Controls: Adults’’: I2 = 73.6 %, p = 0.010;

‘‘Cases: Children and Controls: Children–Adults’’: I2 =

0.0 %, p = 0.368).

Meta-analyses on GSTT1 positive/null genotype

A total of 31 published studies on the association of

GSTT1 and asthma was taken into consideration, including

a total of 5,454 cases and 14,513 controls. The meta-

analysis for GSTT1 shows an OR of 1.33 (95 % CI

1.10–1.60; p = 0.003) with an increased risk of asthmaT
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associated with the GSTT1 null genotype (Fig. 3). This

estimate appears to be significant, but a large between-

study heterogeneity was observed (Q = 118.58, p \ 0.001;

I2 = 74.7 %). The funnel plot analysis revealed publica-

tion bias of literature on GSTT1 and asthma (Supplemental

Fig. 3; Online Resource 4). The Begg and Mazumdar Rank

correlation test (p = 0.003) and Egger’s regression method

(bias = 8.76, t = 3.27 p = 0.003) consistently confirmed

the visual inspection of the funnel plot. After the trim and

fill procedure, there was a relevant change in overall

summary estimate (OR); the procedure suggested that

almost 8 studies had to be included to convert the com-

bined p value to a non-significant value (p = 0.946) and

this brought the pooled OR of 1.33–1.01. Conversely, no

temporal effect seemed to be present in the study outcomes

(Supplemental Fig. 4; Online Resource 5).

In the stratification analysis by ethnicity, 18 studies were

carried out on European populations, four studies on Asian

populations, four studies on Turkish populations, and three

studies on Mediterranean African populations. The studies

conducted by Saadat et al. [22] on the Iranian population

and by Passos-Lima et al. [23] on European/African-

American population were not reported. No significant

association was observed in the ethnic groups (Europe:

pooled OR = 1.18, 95 %CI = 0.98–1.43; Asia: pooled

OR = 2.12, 95 %CI = 0.62–7.26; Turkey: pooled

OR = 1.41, 95 %CI = 0.93–2.16; Mediterranean Africa:

pooled OR = 1.73, 95 %CI = 0.60–4.96) and the studies

were characterized by high heterogeneity within the sub-

groups, with the exception of the Turkish group (Europe:

I2 = 66.0 %, p \ 0.001; Asia: I2 = 92.5 %, p \ 0.001;

Turkey: I2 = 37.2 %, p = 0.189; Mediterranean Africa:

I2 = 86.3 %, p = 0.001).

For the stratification analysis by urbanization, we con-

sidered the same studies of GSTM1. The analysis revealed

significant association with high heterogeneity for

‘‘metropolis’’ (pooled OR = 1.65, 95 %CI = 1.12–2.42;

I2 = 85.0 %, p \ 0.001) and no association with low het-

erogeneity for ‘‘country-side’’ (pooled OR = 1.05,

95 %CI = 0.91–1.21; I2 = 27.2 %, p = 0.156).

Fig. 2 Forest plot (random-effects model) of the association between GSTM1 null genotype and asthma
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Regarding the population age-stratification analysis, we

considered 13 ‘‘Cases: Adults and Controls: Adults’’

studies, nine ‘‘Cases: Children and Controls: Children’’

studies, three ‘‘Cases: Children and Controls: Adults’’

studies, and two ‘‘Cases: Children and Controls: Children–

Adults’’ studies; we did not report four studies without age

information. Significant associations were observed for

‘‘Cases: Children and Controls: Children–Adults’’ and

‘‘Cases: Children and Controls: Adults’’ subgroups

(‘‘Cases: Adults and Controls: Adults’’: pooled OR = 1.24,

95 %CI = 0.99–1.54; ‘‘Cases: Children and Controls:

Children’’: pooled OR = 1.30, 95 %CI = 0.90–1.86;

‘‘Cases: Children and Controls: Adults’’: pooled OR =

0.76, 95 %CI = 0.52–1.12; ‘‘Cases: Children and Con-

trols: Children–Adults’’: pooled OR = 2.80, 95 %CI =

1.09–7.21), but only in the ‘‘Cases: Children and Controls:

Adults’’ subgroup was no significant heterogeneity

observed (‘‘Cases: Adults and Controls: Adults’’:

I2 = 64.2 %, p = 0.001; ‘‘Cases: Children and Controls:

Children’’: I2 = 67.0 %, p = 0.683; ‘‘Cases: Children and

Controls: Adults’’: I2 = 74.7 %, p \ 0.001; ‘‘Cases: Chil-

dren and Controls: Children–Adults’’: I2 = 68.6 %,

p = 0.074).

Meta-analyses on GSTP1 Ile105Val polymorphism

A total of 28 published studies with 5,559 affected and

9,199 non-affected individuals was available for the meta-

analysis of GSTP1*Ile105Val polymorphism. For this

variant, two genetic models were considered: dominant and

recessive. Regarding the general meta-analysis, no signif-

icant association and high heterogeneity were found both

for the dominant (pooled OR: 0.93, 95 %CI: 0.82–1.06;

Q = 59.44, p \ 0.001, I2 = 54.6 %) and for the recessive

(pooled OR = 0.92, 95 %CI = 0.73–1.15, Q = 60.90,

p \ 0.001, I2 = 57.3 %) genetic models (Figs. 4, 5). The

funnel plots did not reveal publication bias in literature on

GSTP1 and asthma in both considered genetic models

Fig. 3 Forest plot (random-effects model) of the association between GSTT1 null genotype and asthma
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(Supplemental Figs. 5 and 6; Online Resources 6, 7), and

no temporal effects were observed (Supplemental Fig. 7

and 8; Online Resources 8, 9). The Begg and Mazumdar

Rank correlation test (pdominant = 0.213, precessive = 0.868)

and Egger’s regression model (dominant: bias = 0.34,

t = -1.90, p = 0.07; recessive: bias = 0.04, t = -0.29,

p = 0.777) also confirmed this assessment.

In the stratification analysis by ethnicity, 13 studies were

carried out on European populations, five studies on Asian

populations, four studies on Turkish population, and four

studies on the Mediterranean African populations. The sin-

gle study conducted by Munoz et al. [19] on Mexican pop-

ulation was not reported. For the dominant model, the

subgroup analysis by ethnicity highlighted no significant

association and high heterogeneity for each subgroup, with

the exception of the Asian and Turkish subgroups where the

non-significant association were linked to low heterogeneity

across studies pooled (Europe: pooled OR = 0.96,

95 %CI = 0.82–1.14, I2 = 52.3 %, p = 0.014; Asia:

pooled OR = 0.93, 95 %CI = 0.78–1.11, I2 = 10.4 %,

p = 0.349; Turkey: pooled OR = 1.11, 95 %CI = 0.77–

1.59, I2 = 55.7 %, p = 0.079; Mediterranean Africa:

pooled OR = 0.59, 95 %CI = 0.27–1.29, I2 = 82.4 %,

p = 0.001). For the recessive model, a similar outcome was

observed (Europe: pooled OR = 1.28, 95 %CI = 0.88–

1.20, I2 = 0.0 %, p = 0.457; Asia: pooled OR = 1.12,

95 %CI = 0.69–1.82, I2 = 0.0 %, p = 0.578; Turkey:

pooled OR = 0.89, 95 %CI = 0.32–2.44, I2 = 83.4 %,

p \ 0.001; Mediterranean Africa: pooled OR = 0.52,

95 %CI = 0.17–1.61, I2 = 83.8 %, p \ 0.001). For the

urbanization stratification, only one study was conducted in

a city [25] and, thereby, it was not reported. 20 studies were

carried out on metropolis locations and 15 studies were

carried out on country-side locations. For the dominant

model, the subgroup analysis by urbanization highlighted no

associations and high heterogeneity within each group

(metropolis: pooled OR = 0.84, 95 %CI = 0.69–1.02,

I2 = 52.7, p = 0.009; country-side: pooled OR = 1.05,

Fig. 4 Forest plot (random-effects model) of the association between GSTP1*I105V polymorphism (dominant genetic model) and asthma
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95 %CI = 0.88–1.25, I2 = 55.2, p = 0.011). The same

results were observed in urbanization stratification for the

recessive genetic model (metropolis: pooled OR = 0.81,

95 %CI = 0.52–1.24, I2 = 59.0, p = 0.003; country-side:

pooled OR = 1.03, 95 %CI = 0.77–1.38, I2 = 56.4,

p = 0.003). In the stratification analysis by population age,

we considered 12 ‘‘Cases: Adults and Controls: Adults’’

studies and 13 ‘‘Cases: Children and Cases: Children’’

studies. three studies were not reported because no age

information was available. This stratification analysis

showed no association and high heterogeneity within each

group for both dominant (‘‘Cases: Adults and Controls:

Adults’’: pooled OR = 0.98, 95 %CI = 0.84–1.14,

I2 = 63.3 %;p = 0.001; ‘‘Cases: Children and Controls:

Children’’: pooled OR = 0.92, 95 %CI = 0.76–1.13, I2 =

41.9 %; p = 0.062) and recessive (‘‘Cases: Adults and

Controls: Adults’’: pooled OR = 0.87, 95 %CI = 0.61–

1.24, I2 = 55.8 %; p = 0.009; ‘‘Cases: Children and Con-

trols: Children’’: pooled OR = 0.92, 95 %CI = 0.65–1.30,

I2 = 41.9 %; p = 0.001) models.

Discussion

GSTs are involved in many detoxification processes, and it

has been hypothesized that genetic alterations of GST

enzymes may affect the ability of the airways to handle

toxic substances and may influence airway inflammation

[12].

A number of studies has investigated the role of func-

tional GST polymorphisms in asthma susceptibility both in

children and adults, with contrasting results. To the best of

our knowledge, two previous meta-analyses have attemp-

ted to clarify the association between GST genes and

asthma, but these studies showed conflicting outcomes [2,

20]. Saadat and Ansari-Lari [20] stated that GSTM1 and

GSTT1 null genotypes are significantly associated with

asthma phenotypes, especially for non-smokers and adults.

Conversely, Minelli et al. [2] reported no significant

association between GSTM1, GSTP1, and GSTT1 and

asthma, with high heterogeneity among the studies, even

though they were stratified by asthma diagnosis.

Fig. 5 Forest plot (random-effects model) of the association between GSTP1*I105V polymorphism (recessive genetic model) and asthma
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The aim of our study was to perform a meta-analysis

that included independent genetic association studies on

GSTM1, GSTP1, and GSTT1, evaluating also the effect of

potential confounding variables (i.e. ethnicity, population

age, and urbanization).

Our results highlighted that no significant associations

with asthma susceptibility were observed for GSTM1 and

GSTP1 gene polymorphisms whereas significant outcomes

were detected for GSTT1 positive/null genotype. However,

high between-study heterogeneity was identified in all the

general analyses. This heterogeneity among the genetic

association studies does not ensure that these results are

reliable, though [26]. Moreover, the asymmetrical distri-

bution of the studies on GSTT1 genes in the funnel plot

suggests the presence of a publication bias. In order to

verify whether the heterogeneity among the studies was

caused by the confounding effects of ethnicity, population

age, and urbanization, we performed different stratification

analyses. For GSTM1 and GSTP1 in which no associations

with high heterogeneity were observed in the general

analysis, the stratification revealed, in some cases, no

associations with low heterogeneity, leaving most of the

stratification analyses with high heterogeneity within the

subgroups. Regarding GSTT1, in which a positive associ-

ation was observed, a significant association with low

heterogeneity was observed only in the ‘‘children versus

adults’’ studies, whereas, in most of the other subgroups the

non-significant associations were related to high hetero-

geneity. Therefore, the uncertainty about both the signifi-

cant and non-significant results of our meta-analysis was

confirmed, even after stratification analyses. Furthermore,

for GSTT1 we obtained a non-significant association cor-

recting the effect of publication bias through the trim and

fill procedure. This situation is probably due to disease

pathogenesis. Indeed, asthma expression is a complex

process within genetics, and environment strongly impact it

[27].

Our stratification analysis has tried to address con-

founding effects of environmental (urbanization), demo-

graphic (population age) and genetic (ethnicity) factors.

Indeed, as previously reported by other authors, the inha-

lation of hazardous environmental factors may increase the

risk for disease development or worsening of symptoms

[28]. Given the multiplicity of exposures, there are many

possible effects from a single pollutant, as well as from its

interactions [29]. Furthermore, genetic predisposition may

alter the ability of the airways to protect itself against these

inhaled toxic substances from the environment [27] and

genetic differences in the population structure of antioxi-

dant enzymes may influence the genetic association

between GSTs and asthma susceptibility [30]. Although

our approach seems to explain a portion of this complex

picture in a few cases, further studies on interactions of

GST genes with environmental oxidative exposures and

with other antioxidant genes are required to explain the role

of GST enzymes in asthma pathogenesis.
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