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Abstract

Objective: The purpose of this study was to explore the association between the TNF-o rs1800629 (also refers as -308G/A)
polymorphism and asthma susceptibility.

Methods: We searched the Pubmed, Embase, Cochrane Central Register of Controlled Trials (CENTRAL) and Wanfang
databases. Odds ratios (ORs) with 95% confidence intervals (Cls) were used to calculate the strength of association.

Results: A total of 34 studies involving 5477 asthma patients and 5962 controls were included in present study. The results
indicated that TNF-a rs1800629 polymorphism was significantly associated with asthma risk in a recessive genetic model
(OR=1.46, 95% Cl 1.21-1.76, P<<0.0001). Subgroup analyses found that the TNF-o. rs1800629 polymorphism was
significantly associated with asthma risk in West Asians and South Asians (OR=2.47, 95% Cl=1.48-4.12, P=0.0005;
OR=1.83, 95% Cl=1.42-2.36, P<<0.00001), but not East Asians and Caucasians. Furthermore, significant association also was
observed in allergic asthma (OR=1.51, 95% Cl=1.24-1.83, P<<0.0001), adults and children (OR=1.43, 95 Cl%=1.07-1.91,

P=0.02; OR=1.57, 95% Cl=1.19-2.06, P=0.001).

Analysis. PLoS ONE 9(6): €99962. doi:10.1371/journal.pone.0099962
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Conclusions: This meta-analysis suggested that the rs1800629 polymorphism in TNF-o was a risk factor for asthma.
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Introduction

Asthma is a chronic allergic disorder of the airways that is
characterized by inflammatory infiltrates in the bronchial walls,
airway hyperresponsiveness (AHR) and reversible airway obstruc-
tion [1]. It is believed to be a multifactorial disease whereby
genetic factors contribute to its etiology [2]. To date, numerous
risk genes have been reported to be associated with asthma
susceptibility in various populations [3]. One of the candidate
susceptible genes which has been intensely investigated is tumor
necrosis factor-alpha (TNF-o).

TNF-o is a proinflammatory cytokine released during allergic
responses by both macrophages and mast cells [4]. Sharma et al.
reported that TINF-a levels in the sputum and bronchoalveolar
lavage fluid of asthmatic patients were increased [5]. Furthermore,
a meta-analysis performed by Chen et al. demonstrated that TNT-
o antagonism therapy was superior to control therapy in
preventing exacerbations in patients with asthma [6]. These
accumulated data support the idea that TNF-a plays an important
role in the pathogenesis of asthma and the TNI-o gene may be a
susceptibility gene of asthma.

TNF-a gene is located on chromosome 6p21 within the major
histocompatibility complex class III region [7], which has shown
the evidence of linkage to asthma, atopy, and related phenotypes
in multiple genome-wide studies [8,9]. Up to now, a lot of studies
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of genetic epidemiology have assessed the association of TNF-o
gene polymorphisms and risk of asthma in different populations
[5,10-40]. Most of them focused on rs1800629 (also referred to as
-308G/A). However, the results from these studies were often
inconsistent and inconclusive. As early as 2000, Lois et al. [10]
published their negative findings regarding this issue, and their
results were supported by other researchers, including Buckova et
al. [12] and Kamali et al. [25]. In contrast, Guo et al. [16] showed
that the TNF-alpha rs1800629 polymorphism was strongly
associated with the risk of asthma, which was consistent with the
results of Gupta et al. [22] and Jiffri et al. [35]. Although several
meta-analyses on this polymorphism have been published [41-43],
some conflicting results still existed and were needed to be further
mvestigated. For instance, Gao J et al. did not discuss the age-
specific effects of this polymorphism on asthma risk, and also
neglected atopic status and ethnic status [41]. Aoki et al. [42]
found that TNF-a-308A allele was associated with an increased
risk of asthma among Asians and Caucasians. However, Zhang et
al. [43] showed that significant elevated risks were associated with
A allele carriers in Asians but not in Caucasians. In addition,
Zhang et al. [43] focused on published studies written in English
and Chinese which may influence the results of genetic effects.
Furthermore, there is new methodoloical development in meta-
analyses adopted the classical method having the limitation of
increasing type I error because of involving multicomparison
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[44,45]. Therefore, we performed a meta-analysis of all eligible
studies to obtain more precise estimation of the association of
TNF-o rs1800629 polymorphism with asthma susceptibility.

Methods

Publication Search

We conducted an elaborate search for studies that examined the
association of TNF-o polymorphisms with asthma. Two indepen-
dent reviewers (Chen and Bao) searched PUBMED, EMBASE,
Cochrane Central Register of Controlled Trials (CENTRAL) and
Wanfang databases to identify available studies published up to
November 2013. The heading (MeSH) terms and/or text words
which were used were as follows: ‘asthma or asthmatic or
bronchial spasm or respiratory hypersensitivity’, and in combina-
tion with ‘tumor necrosis factor or TNF or tumor necrosis factor-o
or TNF-a or TNF-alpha or tumor necrosis factor-alpha’, and in
combination with ‘polymorphism or variant or genetic or SNP’.
We also perused the reference lists of all retrieved articles and
relevant reviews. There are no restrictions were placed on
language, race, ethnicity or geographic area.

Study Selection and Data Extraction

Studies were included in this meta-analysis if meeting the
following criteria: (1) evaluation of the polymorphisms in TNF-o
gene and asthma risk; (2) they were case-control studies; (3)
genotype distributions in both asthmatics and controls should be
sufficient to calculate an odds ratio (OR) with 95% confidence
mterval (CI). The studies were excluded if (1) studies containing
overlapping data; (2) studies based on family; (3) studies in which
the number of null and wild genotypes or alleles were not offered;
(4) editorials, reviews and abstracts; (5) studies which were not
consistent with Hardy-Weinberg equilibrium (HWE).

Data were extracted from original studies independently by two
reviewers (Chen and Xu). Discrepancy between the reviewers was
resolved by consensus or a third reviewer (Yao). The following
information was collected from each study: first author’s name,
year of publication, original country, ethnicity, age group, atopic
status, definition of asthma and control patients, genotyping
method, the number of cases and controls, and genotype and allele
frequency information. We verified accuracy of data by comparing
collection forms from each investigator.

Quality Score Assessment

The quality of studies was assessed by the same two reviewers
(Chen and Xu) independently. The quality scoring system (Table
S1) was based on both traditional epidemiological considerations
and asthma genetic issues recommended by Thakkinstian et al.
[46]. Total scores ranged from 0 (worst) to 15 (best). Any
disagreement was adjudicated by a third reviewer (Bao). Studies
with quality scores =4 were considered as low quality studies and
excluded from our study [47].

Statistical Analysis

When the data from at least 5 similar studies were available,
meta-analysis was performed. Only one polymorphism
(rs1800629) were finally chosen, other polymorphisms such as
rs361525 (TNF-238G/A), rs1799724 (TNF-857C/T), rs1799964
(TNF-1031T/C) and rs1800630 (TNF-863C/A) were excluded
because of insufficient of studies on each polymorphism. The
summary odds ratios (ORs) and 95% confidence intervals (Cls)
were used to measure the strength of association between the
TNF-a polymorphisms and asthma susceptibility. The statistical
significance of summary ORs were evaluated with the Z test. The
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overall statistical analysis process was performed according to the
standard procedure recommended by Thakkinstian et al. [43].
Briefly, 1) the allele comparison was conducted to determine the
risk allele; 2) OR1, OR2, and OR3 were explored for the
genotypes: GG vs. AA (OR1), GA vs. AA (OR2), and GG vs. GA
(OR3) for the rs1800629 polymorphism. These pairwise differ-
ences were used to indicate the most appropriate genetic model; 3)
after the best genetic effect model was confirmed, this model was
used to collapse the three genotypes into two groups (except in the
case of a codominant model) and to pool the results.

Heterogeneity among studies was assessed by using the chi-
square based Cochrane Q-test, which was considered to be
significant for P<<0.10, and the inconsistency index (F). F values of
25, 50, and 75 were normally considered low, moderate, and high
heterogeneity [48]. The fixed effects model assumes that a genetic
factor which has a similar effect on asthma susceptibility across all
studies are caused by chance alone [49]. Alternatively, the random
effects model assumes that different studies shows substantial
diversity and assesses both within-study sampling errors and
between-study variances [50]. The fixed-effect model was adopted
when the effects were assumed to be homogeneous, otherwise the
random-effect model was used. To explore the source of the
heterogeneity and evaluate the ethnicity-specific, atopy-specific,
and age-specific effects, subgroup analyses were carried out for the
rs1800629 polymorphism, which was investigated in a sufficient
number of studies. Departure from HWE in control group was
evaluated by the chi-square test.

In order to assess the stability of the results, we did sensitivity
analysis by sequentially excluding each study. Publication bias was
appraised by visual inspection of funnel plots, in which the
standard error of log (OR) of each study was plotted against its log
(OR). Funnel plot asymmetry was assessed by Egger’s linear
regression test [51].

All statistical tests were calculated by using Review manager 5.2
software (Nordic Cochrane Center, Copenhagen, Denmark) and
STATA 12.0 software (Stata Corporation, College Station, TX). A
P value <0.05 was considered statistically significant.

Results

Included Studies Characteristics

The flow diagram in Figure 1 summarizes selection process of
this literature review. Eventually, a total of 32 eligible articles
completely met the inclusion criteria were incorporated into this
meta-analysis [5,10-29,31-33,35-40]. Two articles reported two
cohorts, and each cohort was considered as a case-control study
[5,11]. At last, there were 34 case-control studies in 32 articles
concerning association between the TNF-o rs1800629 polymor-
phism and asthma risk. There were seven studies performed in
Caucasians, 24 studies in Asians. 14 studies involved children
alone, 11 recruited adults and six included both children and
adults. Four studies included only atopic asthma patients, 12
studies included both of atopic and non-atopic asthma patients,
but only three studies of these can be extracted separately. The
characteristics of these studies are shown in Table 1. The detailed
genotype and frequencies and HWE examination results are listed
in Table 2.

Quantitative Data Synthesis

In the present study, the sample sizes for case and control
groups were 5477 and 5962, respectively. A summary of the meta-
analysis  findings association between TNF-o
rs1800629 polymorphism and asthma was provided in Table 3.
We found that the A allele was associated with increased asthmatic

concerning
2
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Records identified through database searching
CENTRAL =6 PUBMED= 140 EMBASE= 468

Wangfang database=49
(n=652)

(n=543)

Records after duplicates removed

Y

Records screened
(n=64)

Records excluded

A 4

(n=479)

A 4

for eligibility
(n=64)

Full-text articles assessed

Full-text articles excluded,
with reasons
abstract (n=2)

A 4

family based study (n=5)
no-case control study

Studies included in
gualitative synthesis
(n=32)

(n=4)
no detailed genotype or
falty datas (n=14)
not consistent with HWE

(n=5)
quality scores <4 (n=2)

Figure 1. Study flow chart of identification, inclusion, and exclusion.

doi:10.1371/journal.pone.0099962.9001

risk in overall population (OR=0.72, 95% CI=0.61-0.84, P<
0.0001). In addition, the estimated OR1, OR2 and OR3 were
0.60 (P=0.001), 0.88 (p=0.41), 0.70 (P =0.0002). These estimates
suggested a recessive model, therefore GA and AA were combined
and compared with GG. The pooled OR was 1.46 (95% CI 1.21-
1.76, P<<0.0001), demonstrating a significant association between
TNF-o rs1800629 polymorphism and asthma (Figure 2). In the
subgroup analysis by age, significantly increased risks were found
both in adults and children with asthma (OR=1.43, 95
CI%=1.07-1.91, P=0.02; OR=1.57, 95% CI=1.19-2.06,
P=0.001) (Table 3, Figure S1). Stratification by atopic status
indicated that the rs1800629 polymorphism was significantly
associated with risk of atopic asthma (OR =1.51, 95% CI=1.24—
1.83, P<<0.0001). However, no significant association was found
on non-atopic asthma (Table 3, Figure S2). When stratified
analysis based on ethnicity, a statistically significant association
was found in West Asians and South Asians (OR=2.47, 95%
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CI=1.48-4.12, P=0.0005; OR =1.83, 95% CI=1.42-2.36, P<
0.00001), but not in East Asians and Caucasians (Table 3, Figure
S3). Notably, heterogeneity was significantly decreased when
stratified analysis was performed by atopic status (Table 3).

Sensitivity Analysis and Publication Bias

To assess the stability of the results of this meta-analysis,
sensitivity analysis was performed by sequentially excluding each
study. As shown in Figure 3, sensitivity analyses indicated that the
three independent studies by Shin et al. [18], Shaker et al. [39]
and Trajkov et al. [29] were the main origin of the heterogeneity
in the overall comparisons. The heterogeneity was obviously
decreased after exclusion of these three studies (G vs. A:
OR =0.69, 95%CI=0.61-0.78, P<0.00001, F=35%; GA+AA
vs. GG: OR =1.51, 95%CI=1.31-1.73, P<0.00001, =37%).
Meanwhile, similar result was obtained when any single study was
omitted (Figure 3). Furthermore, the pooled ORs were not
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significantly altered after omitting the studies which the sample
size was less than 50 cases in each group (OR=1.38,
95%CI=1.13-1.67, P<<0.001), indicating that the results of this
meta-analysis were relatively stable. The shape of the funnel plot
seemed symmetrical (Figure 4), and neither Egger’s test nor Begg’s
test indicated any significant publication bias (P =0.191 and 0.286,
respectively).

Quality
score
11

Discussion

Asthma is a complex inflammatory disease involving the critical
actions of several important cytokines. The proinflammatory
cytokines, such as TNF-a, are found in airways and are known to
induce inflammatory responses and regulate immunity. TNF-o has
important biological effects on airway inflammation and remod-
eling. Several studies have shown that high serum TNF-a level is
linked to hyperresponsiveness in asthma [5,52]. Furthermore, the
concentration of TNF-a was found to be elevated in asthmatic
airways and sputum [5,53]. Because secretion of cytokine is
genetically regulated at the level of transcription, and the linkage
of TNIF-a polymorphisms with the genotype of asthma has been
demonstrated in accumulating studies. TNF-o rs1800629 poly-
morphism was suggested to have a significant functional effect.
The A allele of this polymorphism can lead to high binding affinity
of nuclear factors to the TNF promoter, resulting in a high level of
transcription activity and secretion levels of TNF-ou [5,54,55].

Genotyping
method

Primer specific
PCR-RFLP
PCR-RFLP

Control
(n)

98

50

100

Case
)
95
65
100

In harmony with those reports, a significant association was also
noted for the TNF-o rs1800629 polymorphism in the overall
populations in the present meta-analysis. This result suggested that
individuals with the A allele (AG or AA) had 46% increased
asthma risk compared to those individuals with the GG carriers. In
the stratified analysis by ethnicity, significant associations were
showed in Asians, but not Caucasians. This result was consistent
with previous meta-analysis performed by Zhang et al. [43].
However, when we further evaluated the Asians, the positive
association was shown in West Asians and South Asians, but not in
East Asians. It is possible that different genetic backgrounds and
environmental exposure may account for these differences.
However, it should be noted that high heterogeneity was observed
in East Asians group and this may distort the result.

When subgroup analysis was performed according to atopic
status, significant association was observed between this polymor-
phism and atopic asthma risk, suggesting that the TNF-o
rs1800629 polymorphism may play a role in the etiology of atopic
asthma. However, there were only three studies performed with
non-atopic asthma, thus the positive association still could not be
excluded because studies with small sample size may have
insufficient statistical power to detect a slight association. These
issues should be investigated in the future studies.

Although moderate heterogeneity for this polymorphism was
detected in overall analysis, results from one-way sensitivity
analysis suggested high stability and reliability of our results. After
subgroup by atopic status and ethnicity, the heterogeneity was
effectively decreased or disappeared from atopic group, non-atopic
group, Caucasians group and South Asians group, suggesting the
main source of heterogeneity may be atopic status and ethnicity.
Moreover, we performed funnel plots and Egger’s tests to evaluate
the publication bias. The results indicated that there was no
publication bias in our study.

Genome-wide association study (GWAS) is also an effective tool
for the identification of genetic variants in many multi-pathoge-
netic diseases. Up to now, GWAS studies have successfully

Atopic
status
Mix
NA

Mix

Age group
Adult
Adult
Children

Ethnicity
Caucasian

EA
WA

Country
Belgium
China
Egypt

Year
2000
2013
2013

Abbreviations: ARMS, amplification refractory mutation system; EA, East Asian; MAPA, multiplex automated primer extension analysis; NA, not available; PCR, polymerase chain reaction; RFLP, restriction fragment length

polymorphism; SA, South Asian; SSP, sequence-specific primers; WA, West Asian;

doi:10.1371/journal.pone.0099962.t001

Table 1. Cont.
Study[41]
Louis(10)
Li Ying(39)
Shaker(40)
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Total Weight M-H, Random. 95% CI
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Odds Ratio Odds Ratio

M-H. Random, 95% CI

Asthma Control

Study or Subgroup Events Total Events

Aytekin 2009 11 46 16 67 2.3%
Beghe 2004 34 142 9 45 2.5%
Bilolikar 2005 58 108 55 149 3.5%
Buckova 2002 49 151 39 155 3.5%
Cui LY 2009 8 100 15 104 2.2%
Dhaouadi 2011 37 108 46 168 3.5%
Gao JM 2003 78 125 52 96 3.4%
Guo YL 2004 44 48 14 21 1.3%
Gupta 2005 39 155 33 211 3.5%
JiaN 2012 15 91 7 89 2.1%
Jiffri 2011 33 120 15 120 2.9%
Kamali 2007 28 203 10 113 2.6%
Kim 2008 101 715 21 240 3.6%
Kumar 2008 37 123 18 100 3.0%
Liying 2013 20 65 7 50 21%
Liu DF 2004 15 443 22 126 2.8%
Louis 2000 Kyl 95 29 98 3.1%
Mahdaviani 2009 17 27 39 137 2.3%
Mak 2007 48 292 42 292 3.7%
Murk2011 22 100 128 487 3.5%
Shaker 2013 68 100 34 100 3.2%
Sharma(N) 2006 59 248 35 252 3.7%
Sharma(®) 2006 54 240 34 224 3.6%
Shin 2004 52 534 39 170 3.7%
Tolgyesi 2006 45 144 52 174 3.6%
Trajkov 2008 10 74 70 3MmM 2.8%
Wang JY 2009 103 448 101 510 4.2%
YWang TN 2004 81 191 18 129 3.2%
Winchester{®) 2000 2 6 36 275 0.9%
Winchester{C) 2000 11 20 133 416 2.2%
Witte 2002 71 235 61 273 3.9%
Zhai FZ 2004 20 64 13 80 2.5%
Zhao HJ 2005 5 50 9 80 1.7%
Zheng 2012 30 198 17 110 3.0%
Total (95% CI) 5477 5962 100.0%
Total events 1306 1269

Heterogeneity: Tau®*= 0.19; Chi*=102.55, df= 33 (P < 0.00001); F=68%

Test for overall effect: Z= 3.97 (P < 0.0001)

1.00[0.42, 2.42]
1.26 [0.55, 2.88]
1.98[1.20, 3.28]
1.43[0.87, 2.39) T
0.52[0.21,1.28] E
1.42[0.84, 2.40] 7 P
1.40[0.82, 2.41] = -
5.50[1.40, 21.60]
1.81[1.08, 3.09] R
2.31[0.89,5.99] R
2.66[1.35,5.21] T =
1.65[0.77, 3.53] ) EES

1.72[1.05, 2.81]
1.96 [1.03, 3.71]
273[1.05,7.11]
0.72[0.36,1.47] [
1.15[0.63, 2.12] T
4.27[1.80,10.14] T
1.17[0.75,1.84] 3 =
0.79[0.47,1.32] B
4.13[2.29,7.44] T
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Figure 2. Meta-analysis for the association between asthma risk and the TNF-o rs1800629 polymorphism.

doi:10.1371/journal.pone.0099962.g002

identified susceptibility genes for asthma by using large scale
population cohorts and replication approaches [56-66]. Despite
the fact that more than ten GWAS of asthma have been reported,
there is still no direct evidence proved the association with the
TNF-a region. In the study of Michel S et al, TNF-a (only one
SNP, detailed data not shown) was captured indirectly by GWAS
genotyping. Using the combination of GWAS genotyping data, re-
genotyping and imputation, they reported that TNF (rs1800629)
was associated with asthma at a nominal significance level (0.035<
p=0.05) [67]. However, GWAS studies also have deficiencies. At
the first step of GWAS, significant SNP are screened in the whole
genome among a small scale population in order to reduce the

PLOS ONE | www.plosone.org 7

cost, for that it couldn’t have enough capability to discover all
SNPs associated with a disease. So we supposed that some SNPs of
TNF-a region derived from GWAS may be potentially associated
with risk of asthma, expanding the screen criteria at the first step of
GWAS may improve the power of test [68], to generate more
SNPs associated with asthma, possibly including TNF-o
rs1800629.

There are several limitations should be taken into account when
interpreting our results. First, the numbers of published studies
were limited for a comprehensive analysis, especially for the non-
atopic asthmatics. Second, some studies were excluded from the
study because of not providing the original genotype numbers or

June 2014 | Volume 9 | Issue 6 | €99962



A Meta-Analysis of TNF-a rs1800629 Polymorphism and Asthma

€0017966600"3uod"|euinol/L g L0L:10p
‘uelisy 1S3\ ‘YM ‘SNSIBA ‘SA {UeISY YINOS ‘S ([SPOW 1d3j4a-Wopuel ‘Y ‘ol1es SpPo ‘YO ‘[Spow 103))9-paxly ‘4 ‘uelsy 1sej ‘y3 :suoleinaiqqy

76°0 0 4 L0000°0> 897 (Claradhia:us 290L/TLL S VS 95 'SA YY+YD

S00 89 Y 50000 o'e (TLrv-8vL)Lr'e L€S/961 S VM 95 SA YY+VYH

L0000°0> VL Y 91’0 7'l (LL'1-16'0)LTL L60T/¥€0€ 14 V3 95 'SA YV+YD

L0000°0> €L d 0000 VAR (€0'z-€T1)8S°L 969€/70€Y (4 sueisy DD 'SA YY+YD

910 S€ 4 710 8¥'L (8%'1-56'0)81L°L LSEL/ETL L suelsesned 59 'SA YV+YD

€00 [43 E| LEO 680 (L6'L-6L'0)ET'L 015/6SC € sidoje-uoN 59 'SA YVY+YD

€20 9T 4 L000°0> 8Ly (E8'L-VTL)LSL 8C91//8SL L didoyy DD 'SA YY+YD

50000 9 d 1000 [43 (90'Z-611)L5L 7662/00%C 14! uaipliys D5 'SA YY+YDH

100 SS d 00 8€'C (L6'L-LO'L)EV'L YrSL/9evL LL Inpy DD 'SA YY+YD

L0000°0> 89 Y L000'0> L6'E 9L/ 1-1T1)9r'L 796S/LLYS 143 1[BI3A0 95 'SA YY+YH

L0000°0> 29 Y <0000 LLE (#8'0-85°0)0£°0 9685/85€S 143 1[BI3A0 (€4O)VD 'sA DO

€80 0 E| (A4 80 (0T'1-59'0)88°0 69C1/90€1L 143 |[BI3A0 (CHO)VV 'sA ¥

9Z0 €l 4 1000 6C'€ (28'0-5%'0)09°0 66L¥/06CY 149 [E2E0e) (LY4O)VY 'sA DD

L0000°0> <9 d 1000°0> L0y (¥8'0-19'0)2£°0 ¥611/75601 143 l[B49A0 V'sAD

anjep d (%) 4 I°SPON anjep d zZ (1D %S6)40 S]043U0d/sased Apnas swsiydiowAjod
s3s93 AyausboisiaH 53593 sisayzodAH azis ajdwes Apnis jo "oN

“jsu ewyise pue wsiydiowA|odezo0081s Jo-4NL Yl usamiaq diysuolie|as 1oy sollel sppo Alewwns *g ajqel

June 2014 | Volume 9 | Issue 6 | €99962

PLOS ONE | www.plosone.org



A Meta-Analysis of TNF-a rs1800629 Polymorphism and Asthma

Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit

arm

v
ang.lY
an

Wi %W A

Wmc ester

Inchester

3
0
eng

Figure 3. One-way sensitivity analysis for the TNF-o rs1800629 polymorphism with asthma risk.
doi:10.1371/journal.pone.0099962.g003
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frequencies, which may result in selection bias. Third, our results Asians and Caucasians, the information from other ethnic groups
were on the basis of unadjusted estimates. The assessment of the still need further investigation.

gene-gene and gene-environment interactions for asthma may be In conclusion, this meta-analysis indicated that the TNF-o-
imprecise on account of failing to get the original data of the 308G/A polymorphism is significant associated with asthma.

eligible studies. Forth, ethnicity in most studies were limited to

Begg's funnel plot with pseudo 95% confidence limits
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Figure 4. Begg's funnel plot for publication bias on asthma risk and the TNF-a rs1800629 polymorphism.
doi:10.1371/journal.pone.0099962.g004
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Well-designed studies with larger scale and various ethnicities are
required to further confirm these associations.

Supporting Information

Figure S1 Subgroup analysis by age for the association
between asthma risk and the TNF-a rs1800629 polymor-
phism (GA+AA vs. GG).

(TIF)

Figure S2 Subgroup analysis by atopic status for the
association between asthma risk and the TNF-a
rs1800629 polymorphism (GA+AA vs. GG).

(TIF)

Figure S3 Subgroup analysis by ethnicity for the
association between asthma risk and the TNF-a

References

1. Cohn L, Elias JA, Chupp GL (2004) Asthma: mechanisms of disease persistence
and progression. Annu Rev Immunol 22: 789-815.

2. Cookson W (1999) The alliance of genes and environment in asthma and allergy.
Nature 402: B5-11.

3. Koppelman GH, Nawijn MC (2011) Recent advances in the epigenetics and
genomics of asthma. Curr Opin Allergy Clin Immunol 11: 414-419.

4. Thomas PS, Pennington DW, Schreck RE, Levine TM, Lazarus SC (1996)
Authentic 17 kDa tumour necrosis factor alpha is synthesized and released by
canine mast cells and up-regulated by stem cell factor. Clinical and experimental
allergy. Clin Exp Allergy 26: 710-718.

5. Sharma S, Sharma A, Kumar S, Sharma SK, Ghosh B (2006) Association of
TNF haplotypes with asthma, serum IgE levels, and correlation with serum
TNF-(alpha) levels. Am J Respir Cell Mol Biol 35: 488-495.

6. Chen X, Xiong L, Qin S, Ma W, Zhou Q (2011). Effect of tumor necrosis factor-
alpha antagonism in asthma: a meta-analysis of the published literature. Journal
of Huazhong University of Science and Technology Medical sciences = Hua
zhong ke ji da xue xue bao Yi xue Ying De wen ban = Huazhong keji daxue
xuebao Yixue Yingdewen ban 31: 137-141.

7. Carroll MC, Katzman P, Alicot EM, Koller BH, Geraghty DE, et al. (1987)
Linkage map of the human major histocompatibility complex including the
tumor necrosis factor genes. Natl Acad Sci U S A 84: 8535-8539.

8. Nicolae D, Cox NJ, Lester LA, Schneider D, Tan Z, et al. (2005) Fine mapping
and positional candidate studies identify HLA-G as an asthma susceptibility gene
on chromosome 6p21. Am J Hum Genet 76: 349-357.

9. Wjst M, Fischer G, Immervoll T, Jung M, Saar K, et al. (1999) A genome-wide
search for linkage to asthma. German Asthma Genetics Group. Genomics 58: 1
8.

10. Louis R, Leyder E, Malaise M, Bartsch P, Louis E (2000) Lack of association
between adult asthma and the tumour necrosis factor (alpha)-308 polymorphism
gene. Eur Respir J 16: 604-608.

11. Winchester EC, Millwood 1Y, Rand L, Penny MA, Kessling AM (2000)
Association of the TNF-(alpha)-308 (G->A) polymorphism with self-reported
history of childhood asthma. Hum Genet 107: 591-596.

12. Buckova D, Izakovicova Holla L, Vasku A, Znojil V, Vacha J (2002) Lack of
association between atopic asthma and the tumor necrosis factor (alpha)-308
gene polymorphism in a Czech population. ] Investig Allergol Clin Immunol 12:
192-197.

13. Witte JS, Palmer IJ, O’Connor RD, Hopkins PJ, Hall JM (2002) Relation
between tumour necrosis factor polymorphism TNF(alpha)-308 and risk of
asthma. Eur ] Hum Genet 10: 82-85.

14. Gao J,Lin Y, Qiu C, Liu Y, Ma Y, et al. (2003) The association between tumor
necrosis factor (alpha) gene polymorphism and asthma. Chinese Medical
Sciences Journal 18: 248-253.

15. Beghe B, Padoan M, Moss CT, Barton SJ, Holloway JW, et al. (2004) Lack of
association of HLA class I genes and TNF (alpha)-308 polymorphism in toluene
diisocyanate-induced asthma. Allergy 59: 61-64.

16. Guo YL, Zhou SL (2004) Investigation of the association between tumour
necrosis factor alpha promotor polymorphism and asthma. Jiang Xi Yi Xue
Yuan Xue Bao 44: 28-30.

17. Liu DF, Liu RM, Cui TP, Wu JM (2004) Correlation between polymorphisms in
the IL-4 promoter region and tumor necrosis factor alpha gene and susceptibility
of allergic asthma in chinese children of han nationality in hubei province.
Journal of Huazhong University of Science and Technology (health science) 33:
196-198.

18. Shin HD, Park BL, Kim LH, Jung JH, Wang HJ, et al. (2004) Association of
tumor necrosis factor polymorphisms with asthma and serum total IgE. Hum
Mol Genet 13: 397-403.

19. Wang TN, Chen WY, Wang TH, Chen CJ, Huang LY, et al. (2004) Gene-gene
synergistic effect on atopic asthma: Tumour necrosis factor-(alpha)-308 and
lymphotoxin-(alpha)-Ncol in Taiwan’s children. Clin Exp Allergy 34: 184—-188.

PLOS ONE | www.plosone.org

A Meta-Analysis of TNF-a rs1800629 Polymorphism and Asthma

rs1800629 polymorphism (GA+AA vs. GG).* EA, East
Asian; SA, South Asian; WA, West Asian.

(TIF)

Table S1 Scale for quality assessment of molecular association

studies of asthma.

(DOC)
Checklist S1 PRISMA Checklist of items to include when

reporting a systematic review or meta-analysis.

(DOC)

Author Contributions

Conceived and designed the experiments: GDY JJC FX ZB YKY JYZ.
Performed the experiments: GDY JJC FX ZB YKY JYZ. Analyzed the
data: GDY JJC FX ZB YKY JYZ. Contributed reagents/materials/
analysis tools: GDY JJC FX ZB YKY JYZ. Wrote the paper: GDY JJC.

20. Zhai FZ, Li Y (2004) The association between polymorphisms in the tumor
necrosis factor-0-308 gene and susceptibility to bronchial asthma. Shandong
Medical Journal 44: 4-6.

21. Bilolikar H, Nam AR, Rosenthal M, Davies JC, Henderson DC, et al.(2005)
Tumour necrosis factor gene polymorphisms and childhood wheezing. Eur
Respir J 26: 637-646.

22. Gupta V, Sarin BC, Changotra H, Sehajpal PK (2005) Association of G-308A
TNF-(alpha) polymorphism with bronchial asthma in a North Indian
population. J Asthma 42: 839-841.

23. Zhao HJ, Ding YC, Liu Y, Shi JP, Liu HF, et al. (2005) Association between
polymorphism of tumor necrosis factor promoter gene and asthma. Journal of
Jilin University (Medicine Edition) 31: 449-451.

24. Tolgyesi G, Keszei M, Ungvari I, Nagy A, Falus A, et al. (2006) Involvement of
TNFalpha-308A promoter polymorphism in the development of asthma in
children infected with Chlamydophila pneumoniae. Pediatr Res 60: 543-548.

25. Kamali-Sarvestani E, Ghayomi MA, Nekoee A (2007) Association of TNF-
(alpha)-308 G/A and IL-4-589 C//T gene promoter polymorphisms with asthma
susceptibility in the South of Iran. J Investig Allergol Clin Immunol 17: 361-366.

26. Mak JCW, Ko FWS, Chu CM, Leung HCM, Chan HW, et al. (2007)
Polymorphisms in the IL-4, IL-4 receptor (alpha) chain, TNF-(alpha), and
lymphotoxin-(alpha) genes and risk of asthma in Hong Kong Chinese adults. Int
Arch Allergy Immunol 144: 114-122.

27. Kim HB, Kang MJ, Lee SY, Jin HS, Kim JH, et al. (2008) Combined effect of
tumour necrosis factor-(alpha) and interleukin-13 polymorphisms on bronchial
hyperresponsiveness in Korean children with asthma. Clin Exp Allergy 38: 774—
780.

28. Kumar A, Gupta V, Changotra H, Sarin BC, Sehajpal PK (2008) Tumor
necrosis factor-alpha and transforming growth factor-betal polymorphisms in
bronchial asthma. Indian J Med Sci 62: 323-330.

29. Trajkov D, Mirkovska-Stojkovikj J, Arsov T, Petlichkovski A, Strezova A, et al.
(2008) Association of cytokine gene polymorphisms with bronchial asthma in
Macedonians. Iran J Allergy Asthma Immunol 7: 143-156.

30. Aytekin C, Dogu F, Ikinciogullari A, Egin Y, Yuksek M, et al. (2009) TGF-
(beta)1-915G/C and TNF-(alpha)-308G/A polymorphisms in children with
asthma. Tuberk Toraks 57: 62-67.

31. Mahdaviani SA, Rezaei N, Moradi B, Dorkhosh S, Amirzargar AA, et al. (2009)
Proinflammatory cytokine gene polymorphisms among Iranian patients with
asthma. J Clin Immunol 29: 57-62.

32. Wang JY, Liou YH, Wu Y], Hsiao YH, Wu LS (2009) An association study of 13
SNPs from seven candidate genes with pediatric asthma and a preliminary study
for genetic testing by multiple variants in Taiwanese population. J Clin Immunol
29: 205-209.

33. Cui LY, Wang HY (2010) Association between TNF-o gene polymorphisms and
Bronchial asthma among Mongolia and Han nationality. Acta Academiae
Medicinae Neimongol 32: 354-357.

34. Dhaouadi T, Sfar I, Aouadi H, Amri M, Jendoubi-Ayed S, et al. (2011)
Inflammatory cytokines (T'NF(alpha) and IL1) polymophisms in asthma. Revue
Francaise d’Allergologie 51: 659-663.

35. Jiffri EH, Elhawary NA (2011) The impact of common tumor necrosis factor
haplotypes on the development of asthma in children: An egyptian model. Genet
Test Mol Biomarkers 15: 293-299.

36. Murk W, Walsh K, Hsu LI, Zhao L, Bracken MB, et al. (2011) Attempted
replication of 50 reported asthma risk genes identifies a SNP in RAD50 as
associated with childhood atopic asthma. Hum Hered 71: 97-105.

37. Jia N, Guan LX, Li HB, Liu CY, Guan H (2012) Association of TNF-o -308G/
A Polymorphism with Bronchial Asthma of Children. Acta Academiae
Medicinae Weifang 34: 455-457.

38. Zheng BQ, Wang GL, Yang S, Lu YQ, Liu RJ, et al. (2012) Study of genetic
susceptibility in 198 children with asthma.

June 2014 | Volume 9 | Issue 6 | €99962



39.

40.

41.

42,

43.

44.

46.

47.

48.

49.

50.

51.

52.

54.

Shaker OG, Sadik NA, El-Hamid NA (2013) Impact of single nucleotide
polymorphism in tumor necrosis factor-alpha gene 308G/A in Egyptian
asthmatic children and wheezing infants. Hum Immunol 74: 796-802.

Li Y, Ji X, Wang HY, Jia SD (2013) Single nucleotide polymorphism and
expression of TNF-o, plasma level of TNF-o, ET-1 in bronchial asthma.
International Journal of Respiration 33: 165-169.

Gao J, Shan G, Sun B, Thompson PJ, Gao X (2006) Association between
polymorphism of tumour necrosis factor alpha — 308 gene promoter and
asthma: a meta-analysis. Thorax 61: 466-471.

Aoki T, Hirota T, Tamari M, Ichikawa K, Takeda K, et al. (2006) An
association between asthma and TNF-308G/A polymorphism: meta-analysis.
J Hum Genet 51: 677-685.

Zhang Y, Zhang J, Tian C, Xiao Y, He C, et al. (2011) The-308 G/A
polymorphism in TNF-alpha gene is associated with asthma risk: an update by
meta-analysis. ] Clin Immunol 31: 174-185.

Attia J, Thakkinstian A, D’Este C (2003) Meta-analyses of molecular association
studies: methodologic lessons for genetic epidemiology. J Clin Epidemiol 56:
297-303.

. Thakkinstian A, McElduff P, D’Este C, Duffy D, Attia J (2005) A method for

meta-analysis of molecular association studies. Stat Med 24: 1291-1306.
Thakkinstian A, McEvoy M, Minelli C, Gibson P, Hancox B, et al. (2005)
Systematic review and meta-analysis of the association between {beta}2-
adrenoceptor polymorphisms and asthma: a HuGE review. Am J Epidemiol
162: 201-211.

Li Y, Guo B, Zhang L, Han J, Wu B, Xiong H (2008) Association between C-
589T polymorphisms of interleukin-4 gene promoter and asthma: a meta-
analysis. Respir Med 102: 984-992.

Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a meta-analysis.
Stat Med 21: 1539-1558.

Egger M, Smith GD, Phillips AN (1997) Meta-analysis: principles and
procedures. BMJ 315: 1533-1537.

DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin
Trials 7: 177-188.

Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis
detected by a simple, graphical test. BMJ 315: 629-634.

Nakae S, Ho LH, Yu M, Monteforte R, Iikura M, et al. (2007) Mast cell-derived
TNF contributes to airway hyperreactivity, inflammation, and TH2 cytokine
production in an asthma model in mice. J Allergy Clin Immunol 120: 48-55.

. Obase Y, Shimoda T, Mitsuta K, Matsuo N, Matsuse H, et al. (2001)

Correlation between airway hyperresponsiveness and airway inflammation in a
young adult population: eosinophil, ECP, and cytokine levels in induced sputum.
Ann Allergy Asthma Immunol 86: 304-310.

Kroeger KM, Carville KS, Abraham LJ (1997) The -308 tumor necrosis factor-

alpha promoter polymorphism effects transcription. Mol Immunol. 34: 391-399.

PLOS ONE | www.plosone.org

1

56.

57.

58.

59.

60.

61.

63.

64.

66.

67.

68.

A Meta-Analysis of TNF-a rs1800629 Polymorphism and Asthma

. Louis E, Franchimont D, Piron A, Gevaert Y, Schaaf-Lafontaine N, et al. (1998)

Tumour necrosis factor (TNF) gene polymorphism influences TNF-alpha
production in lipopolysaccharide (LPS)-stimulated whole blood cell culture in
healthy humans. Clin Exp Immunol 113: 401-406.

Moffatt MF, Kabesch M, Liang L, Dixon AL, Strachan D, et al. (2007) Genetic
variants regulating ORMDL3 expression contribute to the risk of childhood
asthma. Nature 448: 470-473.

Hancock DB, Romieu I, Shi M, Sienra-Monge JJ, Wu H, et al. (2009) Genome-
wide association study implicates chromosome 9q21.31 as a susceptibility locus
for asthma in mexican children. PLoS Genet 5: ¢1000623.

Himes BE, Hunninghake GM, Baurley JW, Rafaels NM, Sleiman P, et al. (2009)
Genome-wide association analysis identifies PDE4D as an asthma-susceptibility
gene. Am J Hum Genet 84: 581-593.

Mathias RA, Grant AV, Rafaels N, Hand T, Gao L, et al. (2010) A genome-
wide association study on African-ancestry populations for asthma. J Allergy
Clin Immunol 125: 336-346.

Sleiman PM, Flory J, Imielinski M, Bradfield JP, Annaiah K, et al. (2010)
Variants of DENNDIB associated with asthma in children. N Engl ] Med 362:
36-44.

Li X, Howard TD, Zheng SL, Haselkorn T, Peters SP, et al. (2010) Genome-
wide association study of asthma identifies RAD50-IL13 and HLA-DR/DQ,
regions. J Allergy Clin Immunol 125: 328-335.

. Moffatt MF, Gut IG, Demenais F, Strachan DP, Bouzigon E, et al. (2010) A

large-scale, consortium-based genomewide association study of asthma.
N Engl ] Med 363: 1211-1221.

Ferreira MA, McRae AF, Medland SE, Nyholt DR, Gordon SD, et al. (2011)
Association between ORMDL3, ILIRL] and a deletion on chromosome
17q21with asthma risk in Australia. Eur ] Hum Genet 19: 458-464.
Torgerson DG, Ampleford EJ, Chiu GY, Gauderman WJ, Gignoux CR, et al.
(2011) Meta-analysis of genome-wide association studies of asthma in ethnically
diverse North American populations. Nat Genet 43: 887-892.

. Hirota T, Takahashi A, Kubo M, Tsunoda T, Tomita K, et al. (2011) Genome-

wide association study identifies three new susceptibility loci for adult asthma in
the Japanese population. Nat Genet 43: 893-896.

Ferreira MA, Matheson MC, Duffy DL, Marks GB, Hui J, et al. (2011)
Identification of IL6R and chromosome 11q13.5 as risk loci for asthma. Lancet
378: 1006-1014.

Michel S, Liang L, Depner M, Klopp N, Ruether A, et al. (2010) Unifying
candidate gene and GWAS Approaches in Asthma. PLoS One 5: €13894.
Barton A, Thomson W, Ke X (2008) Re-evaluation of putative rheumatoid
arthritis susceptibility genes in the post-genome wide association study era and
hypothesis of a key pathway underlying susceptibility. Human molecular
genetics. Hum Mol Genet 17: 2274-2279.

June 2014 | Volume 9 | Issue 6 | €99962



PRISMA 2009 Checklist

Section/topic

__# | Checklist item

Reported on

page #
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both. Title section
ABSTRACT
Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility Abstract section
criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions
and implications of key findings; systematic review registration number.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of what is already known. Introduction
section
Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, Introduction
comparisons, outcomes, and study design (PICOS). section
METHODS
Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, Methods section,
provide registration information including registration number. “Publication
Search”
Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years Methods section,
considered, language, publication status) used as criteria for eligibility, giving rationale. “Study Selection
and Data
Extraction”
Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify | Methods section,
additional studies) in the search and date last searched. “Publication
Search”
Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be | Methods section,
repeated. “Publication
Search”
Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if Methods section,
applicable, included in the meta-analysis). “Study Selection
and Data
Extraction”
Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any Methods section,
processes for obtaining and confirming data from investigators. “Study Selection
and Data

Extraction”




PRISMA 2009 Checklist

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions Methods section,
and simplifications made. “Statistical
Analysis”
Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this Methods section,
studies was done at the study or outcome level), and how this information is to be used in any data synthesis. “Statistical
Analysis"
Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). Methods
section, "Statistical
Analysis*
Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of Methods

consistency (e.g., 1 for each meta-analysis.

section, "Statistical
Analysis"

Section/topic

Page 1 of 2

Checklist item

Reported on

page #

Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective | Methods
reporting within studies). section, "Statistical
Analysis”
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, Methods section,
indicating which were pre-specified. “Statistical
Analysis”
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for Results section,
exclusions at each stage, ideally with a flow diagram. “Included Studies
Characteristics”
Study characteristics 18 | For each study, present characteristics for which data were extracted (e.qg., study size, PICOS, follow-up Results section,
period) and provide the citations. “Included Studies
Characteristics”
Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). Results section,
Table 2
Results of individual studies | 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each Results section,
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. “Quantitative Data
Synthesis”
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. “Results section,
Sensitivity
Analysis and

Publication Bias”




@& PRISMA 2009 Checklist

Risk of bias across studies

22

Present results of any assessment of risk of bias across studies (see Item 15).

Results section,
“Sensitivity
Analysis and
Publication Bias”

Additional analysis

23

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item
16)).

Results section,
“Quantitative Data
Synthesis,
Sensitivity
Analysis and
Publication Bias”

DISCUSSION

Summary of evidence

24

Summarize the main findings including the strength of evidence for each main outcome; consider their
relevance to key groups (e.g., healthcare providers, users, and policy makers).

Discussion section

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval | Discussion section
of identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future Discussion section
research.

FUNDING

Funding 27 | This research is funded by grants from the National Natural Science Foundation of China -

(81170038&81300009) and by grant from the Natural Science Foundation for the Youth of Zhejiang Province,
China (Q13H010001).

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097.

doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.

Page 2 of 2




(A) Adults

Odds Ratio
M-H. Random, 95% CI

Odds Ratio
M-H. Random, 95% ClI

Asthma Control

Study or Subgroup Events Total Events Total Weight
Beghe 2004 34 142 9 45 7.4%
Cui LY 2009 8 100 15 104 6.6%
Gao JM 2003 78 125 52 96 11.2%
Guo YL 2004 44 48 14 21 3.7%
Li ying 2013 20 65 7 50 6.2%
Louis 2000 31 95 29 98 10.1%
Sharma(N) 2006 59 248 35 252 12.5%
Sharma(W) 2006 54 240 34 224 12.3%
Trajkov 2008 10 74 70 301 8.7%
Witte 2002 71 235 61 273 13.6%
Zhai FZ 2004 20 64 13 80 7.8%
Total (95% Cl) 1436 1544 100.0%
Total events 429 339

Heterogeneity: Tau? = 0.12; Chiz=22.13, df = 10 (P = 0.01); 12 = 55%
Test for overall effect: Z = 2.38 (P = 0.02)

1.26 [0.55, 2.88]
0.52 [0.21, 1.28]
1.40[0.82, 2.41]

5.50 [1.40, 21.60]
2.73[1.05, 7.11]
1.15 [0.63, 2.12]
1.94 [1.22, 3.07]
1.62 [1.01, 2.61]
0.52 [0.25, 1.08]
1.50 [1.01, 2.24]
2.34[1.06, 5.19]

1.43[1.07, 1.91]
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Favours control

1 10 100

Favours asthma

Odds Ratio
M-H, Random. 95% CI

(B) Childrcn
Asthma Control

Study or Subgroup _ Events Total Events Total Weight
Aytekin 2009 11 46 16 67 5.4%
Bilolikar 2005 58 108 55 149 8.7%
Jia N 2012 15 91 7 89 5.0%
Jiffri 2011 33 120 15 120 7.1%
Kim 2008 101 715 21 240 8.8%
Liu DF 2004 15 113 22 126 6.7%
Murk2011 22 100 128 487 8.6%
Shaker 2013 68 100 34 100 7.8%
Tolgyesi 2006 45 144 52 174 8.9%
Wang JY 2009 103 448 101 510 10.6%
Wang TN 2004 51 19 18 129 7.8%
Winchester(A) 2000 2 6 36 275 21%
Winchester(C) 2000 11 20 133 416 5.3%
Zheng 2012 30 198 17 110 7.3%
Total (95% CI} 2400 2992 100.0%
Total events 565 655

Heterogeneity: Tau? = 0.16; Chi? = 36.57, df = 13 (P = 0.0005); I? = 64%
Test for overall effect: Z = 3.20 (P = 0.001)

1.00 [0.42, 2.42]
1.98 [1.20, 3.28]
2.31[0.89, 5.98]
2.66 [1.35, 5.21]
1.72 [1.05, 2.81]
0.72[0.36, 1.47]
0.79[0.47, 1.32]
4.13[2.29, 7.44]
1.07 [0.66, 1.72]
1.21[0.89, 1.65]
2.25[1.24, 4.06]

3.32[0.59, 18.78]
2.60 [1.05, 6.43]
0.98 [0.51, 1.87]

1.57 [1.19, 2.06]
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(A) Atopic

Asthma Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% ClI M-H. Fixed, 95% CI
Buckova 2002 49 151 39 155 15.3% 1.43[0.87, 2.35] ™
Kim 2008 88 585 21 240 14.9% 1.85[1.12, 3.05] =
Kumar 2008 23 83 18 100 6.9% 1.75 [0.87, 3.52] ¥ i
Mak 2007 35 180 23 170 11.2% 1.54 [0.87, 2.74] EZB
Murk2011 22 100 128 487 20.0% 0.79 [0.47, 1.32] sl
Sharma(N) 2006 59 248 35 252 15.6% 1.94 [1.22, 3.07] T
Sharma(W) 2006 54 240 34 224 16.0% 1.82 [1.01, 2.61] [
Total (95% CI) 1587 1628 100.0% 1.51[1.24, 1.83] ¢
Total events 330 208 . . . .
Heterogeneity: Chi? —.8.1_0, df =6 (P =0.23); I” = 26% '0.01 011 1 1‘0 100‘
Test for overall effect: Z = 4.18 (P < 0.0001) Fatsiifstontial  EavsiisEsthie
(B) Non-atopic
Asthma Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed, 95% CI
Kim 2008 13 130 21 240 38.8% 1.16 [0.56, 2.40]
Kumar 2008 13 40 18 100 20.3% 2.19 [0.95, 5.06]
Mak 2007 10 89 23 170 41.0% 0.81[0.37,1.78]
Total (95% CI) 259 510 100.0% 1.23 [0.79, 1.91]
Total events 36 62

Heterogeneity: Chi* = 2.95, df = 2 (P = 0.23); I = 32%
Test for overall effect: Z = 0.89 (P = 0.37)
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(A) Caucusians

Asthma Control Qdds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed. 95% CI
Beghe 2004 34 142 9 45 T A% 1.26 [0.55, 2.88] o T
Buckowva 2002 49 151 39 158 18.5% 1.43 [0.87, 2.35] ik
Dhacuadi 2011 37 106 46 1668 16.8% 1.42 [0.84, 2.40] ™
Louis 2000 kx| a5 29 98 13.7% 1.15[0.63, 2.12] g
Tolgyesi 2006 45 144 52 174 23.0% 1.07 [0.66, 1.72] e
Trajkov 2008 10 74 FOooo301 17.0% 0.52 [0.25, 1.08] o
Winchester(C) 2000 11 20 133 418 3.9% 2.60[1.05, 6.43] —
Total {95% CI) 732 1357 100.0% 1.18 [0.95, 1.48] ’
Total events 217 378
Heterageneity: Chi* =9.28, df = 6 (P = 0.16): I* = 35% ’0 = 0’1 : 1’0 mol

Test for averall ffect: 2 =148 (P =0.14) Favours control - Favours asthma

(B) Asians
Asthma Control Qdds Ratio Cdds Ratio

ady o Jbgrou = 4 ents % eig and 2 dom, 95% CI|
Aytekin 2009 11 48 16 6T 36% 1.00[0.42, 2.42) =TI =
Cui LY 2008 g8 100 15 104 3.5% 0.52[0.21, 1.28] T=F
Gao JM 2003 78 125 52 98 45% 1.40[0.82, 2.41] G
Guo YL 2004 44 48 14 21 22% 5.50 [1.40, 21.60] R
Gupta 2005 33 155 33 211 50% 1.81[1.08, 3.05] EEam:
Jia M 2012 15 91 789 33% 231 [0.89, 5.98] T
Jiffri 2011 33 120 15 120 4.3% 2.66[1.35,5.21] =
Karnali 2007 26 203 102 13 4.0% 165 [0.77, 3.53] 3 Ty
Kim 2008 01 715 21 240 51% 1.72[1.05, 2.81] T
Kumar 2008 37 123 18 100 4.5% 1.86[1.03.3.71] [t
Li ying 2013 20 43 7 50 3.3% 273[1.05.7.11] [Fet =
Liu DF 2004 15 113 22 128 4.2% 0.72[0.38.1.47] R T
Mahdaviani 2009 17 27 39 137 3.6% 4.27 [1.80, 10.14] i
Mak 2007 48 292 42 292 5.3% 117 [0.75.1.84] [
Shaker 2013 g8 100 34 100 4.7% 4.13[2.29. 7.44] e
SharmaiN) 2006 58 248 35 252 5.2% 1.84 [1.22. 3.07] TR
SharmaiW} 2006 B4 240 34 224 5.2% 1.62[1.01.2.61] g
Shin 2004 52 b4 3. 170 5.2% (.36 [0.23, 0.57] R
Wang JY 2009 103 448 101 510 5.8% 1.21 [0.89, 1.65] e
Wang TH 2004 51 1 18 129 4.7% 2250124, 4.06] SR
Winchester{A) 2000 2 3] 38 278 1.6% 3.32[0.59, 18.78] B CE
Zhai FZ 2004 20 &4 13 &0 3.9% 2.341.08, 519 [ o
Zhao HJ 2005 5 50 9 B0 27% 0838028, 2.78) I
Zheng 2012 300 188 17 10 4.5%. 0.98 [0.51, 1.87) o B
Total (95% Cl} 4302 2696 100.0% 1.58 [1.23, 2.03] +
Total events 838 647
Heterageneity: Tau® = 0.26; Chi* = 84.60, df = 23 {P < 0.00001); F = 73% ‘0 = 051 i 1=n 100‘

Testforoverallelfact 2 232 RSl 000) Favours control - Favours asthma

(CYEA

Asthma Cantrol Odds Ratie Odds Ratio

ady o by entz Tota ents | el Rand 954% C| h-H, B 95% Gl

Cui LY 2009 E 100 15 104 B.O% 0.52 [0.21, 1.28] == ]
Gao JM 2003 T8 125 52 96 5.3% 1.40 [0.82, 2.41] B
Gue YL 2004 44 48 14 21 3.8% 4.50 [1.40, 21.60]
Jia N 2012 185 91 78%  8F% 2,31 [0.89, 5.98] L=
Kim 2003 1M 715 21 240 g.6% 1.72[1.05, 2.81] R
Li ying 2013 20 65 70 5T% 2.73[1.05,7.11] =
Liu OF 2004 15 113 22 126 T.2% 0.72 [0.36, 1.47) = i
Mak 2007 48 282 42 292 5.9% 1.17 [0.75, 1.84] e
Shin 2004 52 534 34 170 B.49% (.36 [0.23, 0.57] -3
Wang JY 2009 103 448 101 510 9.8% 1.21 [0.89, 1.65) (B
Wang TN 2004 51 181 18 128 8.0% 2.25[1.24, 4.06] e
Zhai FZ 2004 20 Bd 13 80 B7% 2.34[1.06, 5.19) e o
Zhao HJ 2005 5 50 9 50 4. 7% 0.88 [0.28, 2.78] .
Zhang 2012 30 188 17 110 T8% Q.88 [0.51, 1.87] S T
Total (95% CI) 3034 2087 100.0% 1.27 [0.91, 1.77]
Total avants 40 a7

.01 0.1 1 10 100
Favours [exparimental]  Favours [control]

Heterogeneity: Tau® = 0.27; Chi# = 50.94, df =13 (P < 0.00001); 12 = 74%
Test for overall effect: Z= 1.40 [P =0.16)

(DY WA
Asthma Control Qdds Ratlo Qdds Ratio
_Study or Subgroup  E Total Events Total Weight M-H Random, 95%Cl  M-H Random 98%Cl
Aytakin 2009 1M1 45 16 67 17.2% 1.00 [0.42, 2.42] -
Jifri 2011 33 120 15 120 21.8% 2,66 [1.35, 5.21] -
Karnali 2007 28 203 10 113 18.7% 1.85 [0.77, 3.53] ™
Mahdaviani 2009 17 27 39 137 17.5% 4.27 [1.80, 10.14] -
Shaker 2013 68 100 34 100 23.9% 4.13[2.29. 7.44] .
Total (95% CI) 496 537 100.0% 2.47 [1.48,4.12] >
Total events 157 114 ) )

Heterogeneity: Tau® = 0.20; Chi* = 8.52, df = 4 (P = 0.05); | = 58%

t t t d
0o oA 1 10 100
Test tor overall effect: Z = 3.46 (P = 0.0005)

Favours control - Favours asthma

(E) 54

Asthma Control Odds Ratio Qdds Ratio
Stu [ Subgrou Evel To Events Total Weigh -H, Fixed, 95% M-H, Fixed, 95% CI
Gupta 2005 39 155 33 211 234% 1.81[1.08, 3.06] el
Kumar 2008 37 123 18 100 15.5% 1.96 [1.03, 3.71] s
Sharma(N) 2006 59 248 35 252 29.5% 1.94 [1.22, 3.07] -
Sharma(W) 2006 54 240 34 224 30.4% 182 [1.01, 2.81] [
Winchester{A) 2000 2 5 36 275 1% 3.32[0.59,18.78] ]
Total (95% Cl) 772 1062 100.0% 1.83 [1.42, 2.36] ¢
Tolal evenls 11 156 )

Hatarogeneity: Chi* = 0.80, df =4 (P = 0.84); I* = 0%

Test for overall effect: Z = 4.68 (P < 0.00001) oot O ! 107100

Favours control - Favours asthma



Table S1. Scale for quality assessment of molecular association studies of asthma

Criteria Score
Representativeness of cases
Consecutive/randomly selected from case population with clearly defined sampling 2
frame
Consecutive/randomly selected from case population without clearly defined sampling 1
frame or with extensive inclusion/exclusion criteria
No method of selection described 0
Representativeness of controls
Controls were consecutive/randomly drawn from the same sampling frame 2
(ward/community) as cases
Controls were consecutive/randomly drawn from a different sampling frame as cases 1
Not described 0
Ascertainment of asthma
Clearly described objective criteriafor diagnosis of asthma 2
Diagnosis of asthma by patient self-report or by patient history 1
Not described 0
Ascertainment of controls
Controls were tested to screen out asthma,i.e., measured FEV 1 * or PEFR* 2
Controls were subjects who did not report asthma;no objective testing 1
Not described 0
Genotyping examination
Genotyping done under ““blinded” condition 1
Unblinded or not mentioned 0
Hardy-Weinberg equilibrium
Hardy-Weinberg equilibrium in control group 2
Hardy-Weinberg disequilibrium in control group 1
No checking for Hardy-Weinberg equilibrium 0
Association assessment
Assess association between genotypes and asthma with appropriate statistics and 2
adjustment for confounders
Assess association between genotypes and asthma with appropriate statistics without 1
adjustment for confounders
Inappropriate statistics used 0
Responserate
Response rates for both groups are the same,i.e., to within 5% 2
Response rates are different, between 5% and 10% 1
Response rates are more than 10% different, or no mention of response rates 0

* FEV 1, forced expiratory volumein 1 second; PEFR, peak expiratory flow rate.
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