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Abstract A number of studies have investigated the asso-
ciation between tumor necrosis factor (TNF)-o gene poly-
morphisms and ischemic stroke susceptibility. However,
results of different individual studies are often inconsistent. To
provide a more robust evaluation of the association between
polymorphisms of the TNF-a gene and ischemic stroke risk,
we performed a systematic review with multivariate meta-
analyses. PubMed, Embase, CNKI, and WanFang databases
were searched up to December 20, 2014. Two reviewers
independently extracted information and assessed quality of
included studies after all the eligible studies were identified.
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Afterward, multivariate meta-analyses were performed using
Stata 13. The estimation of polymorphisms and disease risk
was presented by odds ratios (ORs) and corresponding 95 %
confidence intervals (CIs). Forty-nine eligible case—control
studies from 25 articles that explored the association between
10 TNF-a polymorphisms and ischemic stroke were indenti-
fied from aforementioned databases. The results of multivari-
ate meta-analysis showed a significant association between
—238G/A polymorphism (4760 patients and 4389 controls)
and ischemic stroke risk in heterozygotes compared with wild
genotype (AG vs. GG: OR 1.44,95 % CI 1.11-1.87; AA vs.
GG: OR 1.98, 95 % CI 0.73-5.40). No significant association
of —308G/A, —857C/T, and —1031T/C polymorphisms was
observed. The results of stratification analyses of —238G/A
polymorphism showed that the AG genotype only increased
the risk of ischemic stroke in Asians compared to GG geno-
type. No additional significant association was observed in this
study. In conclusion, the present systematic review and meta-
analysis support a prominent role of the TNF-o —238G/A
polymorphism in the risk of ischemic stroke in Asian
adults only, but do not support the role of —308G/A, —857C/T,
—1031T/C, —244G/A, —367G/A, —646G/A, —806C/T,
—863C/A, and +448G/A in the risk of ischemic stroke. The
current evidence warrants further studies with high quality and
large sample size to confirm.

Keywords Ischemic stroke - Tumor necrosis factor-
alpha - Meta-analysis - Polymorphism - Systematic reviews

Introduction
Ischemic stroke is a complex disease and pathologically

based on atherosclerosis that caused by interplay or inter-
action of genetic effects and environmental factors, which
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is an increasing global and regional burden (Lopez et al.
2006). Researchers have suggested that inflammation had a
predominant role in the development and rupture of
atherosclerotic lesions, resulting in cardiovascular disease
events (Packard and Libby 2008). The tumor necrosis
factor (TNF)-o, one of the most typical pro-inflammatory
cytokines, plays a vital role in inflammation and cell sig-
naling (Bayley et al. 2004).

Many studies have investigated the association between
TNF-o polymorphisms and ischemic stroke susceptibility.
However, existing evidence is often inconsistent. In 2007,
Pereira et al. (2007) performed a meta-analysis that
investigated the TNF-oo —308G/A polymorphism on the
risk of ischemic stroke with eight case—control studies, and
they suggested that the —308G/A polymorphism was a
protective factor for ischemic stroke in Asians only. This is
not in agreement with the subsequent meta-analysis per-
formed by Gu et al. (2013b) with 13 studies, which sug-
gested that —308G/A polymorphism was associated with
the risk of juvenile ischemic stroke, and it was a protective
factor for ischemic stroke in Asians and adult population.
Afterward, Gu et al. (2013a) carried out another meta-
analysis with seven studies for TNF-o —238G/A poly-
morphism, and they found that —238G/A polymorphism
increased the risk of ischemic stroke in adults and Cau-
casians. Moreover, there are many other mutations identi-
fied in TNF-o, such as —857C/T and —1031T/C. In
addition, certain more recent studies have since been
published. Therefore, we performed this systematic review
by multivariate meta-analysis to evaluate up-to-date esti-
mates of the gene effect on ischemic stroke.

Methods

This study follows the Meta-analysis of Observational
Studies in Epidemiology (MOOSE) statement (Stroup et al.
2000).

Literature Search

A comprehensive electronic search of PubMed, Embase,
China National Knowledge Infrastructure, and WanFang
databases was performed up to December 20, 2014. The
following medical subject headings, terms, and text words
were used in combination with each other: (“tumor
necrosis factor” OR TNF) AND (polymorphism OR allele
OR mutation) AND (“cerebrovascular disease” OR stroke
OR “cerebrovascular disorder” OR “brain infarction” OR
“ischemic stroke”). The search results were limited to
humans. In addition, all references in the identified articles
and recent reviews were retrieved manually for any further
possible related studies.
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Eligibility Criteria

Studies that met the following criteria were included in the
present study: (1) Patients had magnetic resonance imaging
or computer tomography confirmation of an ischemic
stroke diagnosis; (2) the theme of study was to investigate
the relationship between TNF-a polymorphisms and
ischemic stroke susceptibility; (3) the study design was
case—control or cohort; and (4) the study reported sufficient
data for each genotypes in both case and control groups. No
language restriction was implemented.

Studies were excluded if: (1) genotype data were not
reported, in which case authors were contacted for these
data where possible; (2) they contained overlapping data or
duplicate publication; and (3) they included patients with
other systemic diseases, such as sickle cell anemia.

Data Extraction and Quality Assessment

Two reviewers (Y-MN and HW) independently performed
study selection and data extraction according to the pre-
specified eligible criteria. The inter-examiner consistency
was detected by « test (p = 0.97). The following data were
extracted from each identified study: author, year of pub-
lication, study location, ethnicity and age of study subjects,
number of sample size, phenotype of ischemic stroke,
genotype distribution of each group, source of control, and
other information for quality assessment. Any discrepancy
was settled by consensus.

The quality assessment (Zeng et al. 2015) of included
studies was performed independently by two authors (HW
and CZ; p = 0.94 for « test) according to the redefined
criteria (Table 1) from the previous meta-analyses (Lu
et al. 2014; Thakkinstian et al. 2005). Quality scores range
from O to 11 points.

Statistical Analysis

First, the major allele frequencies of TNF-o polymor-
phisms in various racial groups (Asians and Caucasians)
were estimated by random effects model inverse variance
(I-V) method, as described by Thakkinstian et al. (2005).
In addition, Hardy—Weinberg equilibrium (HWE) in con-
trols in each study was detected by Chi-square test or
Fisher’s exact test.

Second, the association between the gene effect (mutant
alleles or genotypes) and ischemic stroke was estimated by
odds ratios (ORs) and corresponding 95 % confidence
intervals (ClIs). Adding 0.5 (a continuity correction) to all
cells of the contingency table was implemented in the case
of a zero event (Friedrich et al. 2007). The between-study
heterogeneity was assessed using Cochran’s Q statistic and
I* metric (Higgins et al. 2003). Data were pooled using a
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Table 1 Scale for quality assessment

Criteria Score

Representativeness of cases

Consecutive/randomly selected from case population with 2
clearly defined sampling frame

Consecutive/randomly selected from case population 1
without clearly defined sampling frame or with extensive
inclusion/exclusion criteria

Not described 0
Source of controls

Healthy or population-based 2

Hospital based

Not described 0
Hardy—Weinberg equilibrium in controls

Hardy—Weinberg equilibrium 2

Hardy—Weinberg disequilibrium
Genotyping examination

Genotyping done under “blinded” condition

Unblinded done or not mentioned 0
Association assessment

Assess association between genotypes and ischemic stroke 2
with appropriate statistics and adjustment for confounders

Assess association between genotypes and ischemic stroke 1
with appropriate statistics and without adjustment for
confounders

Inappropriate statistics used 0

Total sample size

>200 2
>100 but <200 1
<100 0

random effects model with I-V method (to evaluate
between-study variance—rt?). Additionally, the present
study also performed a more advanced method—the mul-
tivariate random effects meta-analysis—for estimating
gene—disease associations (Bagos 2008). In this procedure,
the two pooled logORs related to the risk allele, e.g.,
log(AG vs. GG) and log(AA vs. GG) for —308G/A, were
modeled simultaneously as a bivariate response. Afterward,
the ratio 4 of the two logORs was calculated, e.g.,
A = 1log(AG vs. GG)/log(AA vs. GG) for —308G/A. The
genetic model of inheritance was inferred and quantified
directly by the ratio 4 (values of A equal to 0, 0.5, and 1
correspond to the recessive, codominant, and dominant
genetic model, respectively; if 4 is <0 or >1, an over-
dominant model is suggested; i.e., a parsimonious
approach) (Minelli et al. 2005a, b; Braliou et al. 2014),
which could avoid multiple testing and the inflation of the
type I error rate. Besides the finest genetic model, the
remaining genetic models were also assessed. Sensitivity
analysis was performed by including and excluding the
study controls inconsistent in HWE. Subgroup analyses

were implemented based on ethnicity and age of study
subjects.

Funnel plot and Egger’s linear regression method were
used to estimate possible publication bias (Egger et al.
1997). Cumulative meta-analyses were also conducted for
the purpose of identifying a possible trend of the pooled
estimate over years (“Proteus phenomenon”) (Bagos and
Nikolopoulos 2009). All the statistical analyses were per-
formed using Stata 13 (StataCorp). Results with a two-side
p value <0.05 were considered statistically significant.

Results
Study Selection and Characteristics

Figure 1 shows the results of literature search and selection.
A total of 186 articles were retrieved with the comprehen-
sive literature search, and finally 25 articles (Bai and Cheng
2004; Balding et al. 2004; Lee et al. 2004; Um and Kim
2004; Karahan et al. 2005; Rubattu et al. 2005; Harcos et al.
2006; Lalouschek et al. 2006; Llamas Sillero et al. 2007;
Zhang et al. 2007; Li et al. 2009; Liu et al. 2009, 2012; Shi
et al. 2009; Kim et al. 2010; Tong et al. 2010; Markoula
et al. 2011; Munshi et al. 2011; Sultana et al. 2011; Szabo
and Acsady 2011; Wu et al. 2011; Cui et al. 2012; Tut-
tolomondo et al. 2012; Gelfand et al. 2013; Ma 2012) (18 in
English and seven in Chinese) of them were included in the
present study according to the eligible criteria. Forty-nine
eligible case—control studies from these 25 articles involve
23 studies of —308G/A (6220 patients and 6531 controls),
14 studies of —238G/A (4760 patients and 4389 controls),
four studies of —857C/T (2589 patients and 2097 controls),
three studies of —1031T/C (2416 patients and 1948 con-
trols), one study (404 patients and 415 controls) of —244G/
A and —367G/A, one study (67 patients and 70 controls) of
—646G/A, —806C/T, —863C/A, and one study (525
patients and 500 controls) of +448G/A. If the number of
studies was more than 3, we then pooled the gene effect for
ischemic stroke; therefore, the —244G/A, —367G/A,
—646G/A, —806C/T, —863C/A, and +448G/A polymor-
phisms were not pooled due to little data. The general
characteristics of included studies are shown in Table 2.

Major Allele Frequencies in Control Groups

—308G Allele

Twenty-three case—control studies from 19 articles (Bai
and Cheng 2004; Balding et al. 2004; Lee et al. 2004; Um
and Kim 2004; Karahan et al. 2005; Rubattu et al. 2005;

Harcos et al. 2006; Lalouschek et al. 2006; Llamas Sillero
et al. 2007; Zhang et al. 2007; Li et al. 2009; Kim et al.
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Fig. 1 Flowchart of study
selection

Publications identified from PubMed, Embase,
CNKI, and Wanfang databases (n = 186)

Additional publications identified through
the reference of included studies (n = 0)

A 4

Y

Publications after duplicates removed (n =152)

Titles/abstracts excluded (n = 124)

A 4

Reviews (n = 20)

Unrelated (n = 104)

Records excluded by screening titles or abstracts (n = 28)

Articles excluded (n = 3)

v

Without usable data (n = 1)
Duplicate publication (n = 2)

Studies included in quantitative syntheses (meta-analysis) (n = 25)

2010; Tong et al. 2010; Sultana et al. 2011; Szabo and
Acsady 2011; Cui et al. 2012; Tuttolomondo et al. 2012;
Gelfand et al. 2013; Ma 2012) reported G allele frequen-
cies, with 13 studies of Asian adults, one of Asian children,
seven of Caucasian adults, and two of Caucasian children.
Of these, six studies (Um and Kim 2004; Zhang et al. 2007,
Li et al. 2009; Tong et al. 2010; Sultana et al. 2011; Ma
2012) in Asian adults were not consistent in HWE. The
pooled frequency of G allele in Asian controls was 90.3 %
(95 % CI 87.8-92.8 %) under random effects model with
I-V method, with some evidence of heterogeneity between
studies (I2 = 91.6 %, p < 0.001, between-study variance
72 = 0.002). The pooled frequency among Caucasian
controls was 85.3 % (95 % CI 80.5-90.0 %), with some
between-study heterogeneity existed (I* = 97.6 %, p <
0.001, 7> = 0.005).

—238G Allele

Fourteen case—control studies from 11 articles (Lalouschek
et al. 2006; Llamas Sillero et al. 2007; Li et al. 2009; Liu
et al. 2009; Shi et al. 2009; Kim et al. 2010; Tong et al.
2010; Wu et al. 2011; Cui et al. 2012; Liu et al. 2012; Ma
2012) reported the frequency of —238G/A polymorphism,
11 studies of Asian adults, one of Asian children, and two
of Caucasian adults. Three studies (Cui et al. 2012; Liu
et al. 2012; Ma 2012) of Asian adults did not observe HWE
in controls. There was moderate heterogeneity among the
12 Asian studies (I2 = 47.6 %, p = 0.033, ?< 0.001),
and the pooled frequency was 969 % (95 % CI
96.2-97.5 %). The pooled frequency among Caucasian
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controls was 95.1 % (95 % CI 91.2-99.0 %) with some
heterogeneity (I* = 90.9 %, p = 0.001, > = 0.0007).

—857T Allele

Four case—control studies from three articles (Shi et al.
2009; Markoula et al. 2011; Cui et al. 2012) reported the
frequency of —857C/T polymorphism, two studies of
Asian adults, one of Asian children, and one of Caucasian
adults. All of them were observed HWE in controls. The
pooled frequency of Asian studies was 82.1 % (95 % CI
79.8-84.4 %) with some heterogeneity (I* = 60.0 %,
p = 0.082, 72 = 0.0002). The frequency of Caucasians
was 74.6 % which was reported in one study only.

—1031C Allele

Three case—control studies from two articles (Shi et al.
2009; Cui et al. 2012) reported the frequency of —1031T/C
polymorphism, two of Asian adults, and one of Asian
children. The pooled frequency of Asian studies was
79.1 % (95 % CI 74.6-93.6 %) with some heterogeneity
(> = 88.8 %, p < 0.001, 7> = 0.0013).

Assessing Association Between Gene Polymorphism
and Ischemic Stroke

TNF-o. —308G/A

Twenty-three case—control studies from 19 articles (Bai
and Cheng 2004; Balding et al. 2004; Lee et al. 2004; Um
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Table 2 General characteristics of identified studies included in the pooling gene effects
Study Country  Ethnicity ~ Phenotype Sample® Age, Quality p for Control Power MAF
year® score HWEP source (%)° (%)°
TNF-o —308G/A
Bai and Cheng China Asian CI 42/31 56/55 6 0.15 HB 21.4 9.7
(2004)
Balding et al. (2004) Ireland Caucasian IS 105/389 35 ~ 99 9 0.38 PB 72.1 22.1
Lee et al. (2004) Korea Asian CI 152/165 60.9/59.1 9 0.48 PB 55.6 8.8
Um and Kim (2004) Korea Asian CI 366/610 61.0/62.2 7 <0.01 HB 93.2 9.5
Karahan et al. Turkey  Caucasian PAS 86/83 5.5/Adult 8 0.64 PB 36.6 4.8
(2005)
Rubattu et al. (2005) Italy Caucasian IS 115/180 35.95/ 10 0.87 PB 53.1 8.1
37.4
Harcos et al. (2006) Hungary Caucasian IS 336/333 64.7/45.3 11 0.37 PB 82.9 16.7
Lalouschek et al. Austria  Caucasian IS 404/415 53/49 10 0.90 PB 89.0 13.6
(2006)
Llamas Sillero et al. Spain Caucasian IS 292/302 23 ~99 9 0.09 PB 78.9 10.4
(2007)
Zhang et al. (2007)  China Asian CI 110/110 56/55 7 <0.01 HB 43.7 10.9
Shi et al. (2009) China Asian ICIS 67/70 05 ~ 15 8 0.71 PB 31.8 4.3
Li et al. (2009) China Asian CI 97/141 64.8/62.7 7 <0.01 HB 46.1 5.0
Kim et al. (2010) Korea Asian IS 237/216 61.68/ 10 0.86 PB 68.8 6.3
60.32
Kim et al. (2010) Korea Asian SIS 257/216  62.41/ 10 0.86 PB 70.5 6.3
60.32
Tong et al. (2010) China Asian IS 648/648 61.12/ 8 0.04 PB 97.6 74
60.21
Tong et al. (2010) China Asian IS 100/100  64.12/ 9 0.08 PB 41.0 15.0
63.18
Sultana et al. (2011) India Asian IS 238/226 53.72/ 8 <0.01 PB 69.7 48.9
54.06
Szabo and Acsady Hungary Caucasian AS 45/184 40 ~ 93 7 0.93 HB 44.9 12.5
(2011)
Cui et al. (2012) China Asian IS 1338/1027  Adult 10 0.93 PB 99.95 7.1
Cui et al. (2012) China Asian IS 961/821 Adult 10 0.99 PB 99.5 7.0
Tuttolomondo et al. Italy Caucasian IS 96/48 71.9/71.4 17 0.36 HB 32.8 15.6
(2012)
Ma (2012) China Asian CI 65/130 44 ~ 75 0.04 HB 40.3 6.5
Gelfand et al. (2013) America Caucasian PAS 13/86 Perinatal 0.36 HB 25.7 15.7
TNF-o —238G/A
Lalouschek et al. Austria  Caucasian IS 404/415 53/49 10 0.29 PB 89.0 3.0
(2006)
Llamas Sillero et al. Spain Caucasian IS 292/302 23 ~99 9 0.19 PB 79.3 7.0
(2007)
Li et al. (2009) China Asian CI 97/141 64.8/62.7 8 0.80 HB 46.1 2.1
Liu et al. (2009) China Asian CI 57/103  65.80/ 7 0.84 HB 352 1.9
64.31
Shi et al. (2009) China Asian ICIS 67/710 05 ~ 15 8 0.66 PB 31.8 5.0
Kim et al. (2010) Korea Asian IS 237/216 61.68/ 10 0.67 PB 68.8 2.8
60.32
Kim et al. (2010) Korea Asian SIS 257/216  62.41/ 10 0.67 PB 70.5 2.8
60.32
Tong et al. (2010) China Asian IS 648/648 61.12/ 9 0.45 PB 97.6 2.9
60.21
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Table 2 continued

Study Country  Ethnicity ~ Phenotype Sample® Age, Quality p for Control Power MAF
year® score HWEP source (%) (%)°
Tong et al. (2010) China Asian IS 100/100  64.12/ 9 0.56 PB 41.0 5.5
63.18
Wu et al. (2011) China Asian CI 108/121 63.83/ 8 0.85 HB 44.9 1.7
62.57
Cui et al. (2012) China Asian IS 1338/1027  Adult 9 0.03 PB 99.95 3.0
Cui et al. (2012) China Asian IS 961/821 Adult 10 0.90 PB 99.5 3.7
Liu et al. (2012) China Asian CI 70/80 47.33/ 6 0.01 HB 33.7 7.5
44.93
Ma (2012) China Asian CI 65/130 44 ~ 75 17 0.04 HB 40.3 6.5
TNF-0 —857C/T
Shi et al. (2009) China Asian ICIS 67/70 05 ~ 15 8 0.13 PB 31.8 14.3
Markoula et al. Greece  Caucasian IS 173/179 58.6/57.1 8 0.34 HB 59.4 254
(2011)
Cui et al. (2012) China Asian IS 1338/1027  Adult 10 0.56 PB 99.95 17.3
Cui et al. (2012) China Asian IS 961/821 Adult 10 0.73 PB 99.5 19.6
TNF-o0 —1031T/C
Shi et al. (2009) China Asian ICIS 67/70 05 ~ 15 8 0.66 PB 31.8 229
Cui et al. (2012) China Asian IS 1338/1027  Adult 10 0.16 PB 99.95 23.1
Cui et al. (2012) China Asian IS 961/821 Adult 10 0.92 PB 99.5 17.6
TNF-o —244G/A
Lalouschek et al. Austria  Caucasian IS 404/415 53/49 10 0.98 PB 89.0 0.1
(2006)
TNF-o0 —367G/A
Lalouschek et al. Austria  Caucasian IS 404/415 53/49 10 0.88 PB 89.0 0.7
(2006)
TNF-0. —646G/A
Shi et al. (2009) China Asian ICIS 67/70 05 ~ 15 8 0.85 PB 31.8 2.1
TNF-o0 —806C/T
Shi et al. (2009) China Asian ICIS 67/710 05 ~ 15 8 0.90 PB 31.8 14
TNF-o —863C/A
Shi et al. (2009) China Asian ICIS 67/70 05 ~ 15 8 0.51 PB 31.8 15.7
TNF-a +448G/A
Munshi et al. (2011) India Caucasian IS 525/500 49.3/ 9 0.18 PB 94.2 34.6
47.01

IS ischemic stroke, CI cerebral infarction, PAS pediatric arterial stroke, /CIS idiopathic childhood ischemic stroke, SIS silent ischemic stroke, AS
atherosclerotic stroke, HWE Hardy—Weinberg equilibrium, PB population based, HB hospital based, MAF minor allele frequency

@ Case/control; ® only in control group; © assuming an odds ratio of 1.5 as small effect size at o = 0.05 significance level

and Kim 2004; Karahan et al. 2005; Rubattu et al. 2005;
Harcos et al. 2006; Lalouschek et al. 2006; Llamas Sillero
et al. 2007; Zhang et al. 2007; Li et al. 2009; Kim et al.
2010; Tong et al. 2010; Sultana et al. 2011; Szabo and
Acsady 2011; Cui et al. 2012; Tuttolomondo et al. 2012;
Gelfand et al. 2013; Ma 2012) addressed the association
between —308G/A polymorphism and ischemic stroke risk.
The multivariate meta-analysis indicated that the overall
gene effect was not significant (AG vs. GG: OR 0.86, 95 %
CI 0.69-1.08; AA vs. GG: OR 0.79, 95 % CI 0.45-1.42;
A = 0.66 ranged from —0.60 to 1.91; Table 3). The uni-
variate meta-analyses of per-allele contrast (A vs. G: OR

@ Springer

0.87, 95 % CI 0.70-1.08; P =794 %, p for heterogene-
ity = 0.000, 2= 0.189), recessive genetic model (AA vs.
AG + GG: OR 0.93, 95 % CI 0.54-1.60; > = 47.8 %,
p for heterogeneity = 0.807, 2= 0.617), and dominant
genetic model (AA + AG vs. GG: OR 0.84, 95 % CI
0.67-1.05; I =73.6 %, p for heterogeneity = 0.000,
72 = 0.180) also showed no statistical significance
(Table 4).

Sensitivity analyses were performed by excluding the
six studies (Um and Kim 2004; Zhang et al. 2007; Li et al.
2009; Tong et al. 2010; Sultana et al. 2011; Ma 2012) in
which the HWE was not observed, while the results of



Neuromol Med (2015) 17:373-384

379

pooled ORs still presented robustness. Subgroup analyses
based on age also did not show any association between the
polymorphism and disease risk. However, we observed a
decreased risk of disease in Caucasians in the dominant
model (Tables 3 and 4); alternatively, this may be a spu-
rious result. No publication bias was detected in all con-
trasts (Table 5). Furthermore, Proteus phenomenon was not
observed in cumulative meta-analysis for the A versus G
and the AA + AG versus GG contrasts, while for the AA
versus AG + GG contrast a time trend was obvious
(Table 5).

TNF-a —238/G/A

Fourteen case—control studies from 11 articles (Lalouschek
et al. 2006; Llamas Sillero et al. 2007; Li et al. 2009; Liu
et al. 2009; Shi et al. 2009; Kim et al. 2010; Tong et al.
2010; Wu et al. 2011; Cui et al. 2012; Liu et al. 2012; Ma
2012) reported the association between —238G/A poly-
morphism and ischemic stroke risk. The multivariate meta-
analysis with random effects revealed an elevated risk in
AG carriers but not in AA carriers, as compared to GG
carriers (AG vs. GG: OR 1.44, 95 % CI 1.11-1.86; AA vs.
GG: OR 1.98, 95 % CI 0.73-5.40) (Table 3). The esti-
mated A was 0.53 (95 % CI —0.19-1.25) close to 0.5,
although the confidence interval was wide, a codominant
genetic model could be expected. This suggests that the
heterozygotes have about 44 % higher risk of having
ischemic stroke than wild homozygotes. An elevated risk
of ischemic stroke was also observed in the univariate
meta-analyses of per-allele contrast (A vs. G: OR 1.62,
95 % CI 1.18-2.23; > =752 %, p for heterogene-
ity = 0.000, 7* = 0.231) and dominant genetic model
(AA + AG vs. GG: OR 156, 95 % CI 1.16-2.10;
PP =655 %, p for heterogeneity = 0.000, > = 0.183),
but not in the recessive genetic model (AA vs. AG + GG:
OR 0.93, 95 % CI 0.54-1.60; I = 47.8 %, p for hetero-
geneity = 0.807, 2= 0.617) (Table 4).

The result of sensitivity analysis by excluding the three
studies (Cui et al. 2012; Liu et al. 2012; Ma 2012) that did
not observe HWE showed that the gene effect was robust.
We performed subgroup analyses by ethnicity (Asians and
Caucasians) and age (adults and children). The results of
subgroup analyses showed that the significantly increased
risk was observed in Asian adults only, except for per-
allele contrast (even though we observed an increase in
both Asians and Caucasians in per-allele contrast, it may be
a spurious result) (Tables 3 and 4). No publication bias was
assessed for all comparisons (Table 5). Furthermore, Pro-
teus phenomenon was not observed in cumulative meta-
analysis for A versus G, while for AA versus AG + GG
and AA 4+ AG versus GG a time trend was obvious
(Table 5).

TNF-a —857C/T and —1031T/C

Four case—control studies from three articles (Shi et al.
2009; Markoula et al. 2011; Cui et al. 2012) addressed the
association between —857C/T polymorphism and ischemic
stroke risk. Nor did we detect any significant difference in
the pooled ORs in both multivariate and univariate meta-
analyses (Tables 3 and 4). Three case—control studies from
two articles (Shi et al. 2009; Cui et al. 2012) examined the
association between —1031T/C polymorphism and risk of
ischemic stroke. We also did not observe any significant
difference in the summary ORs in both multivariate and
univariate meta-analyses (Tables 3 and 4).

Only one study (Lalouschek et al. 2006) addressed
—244G/A and —367G/A polymorphism; one study (Shi
et al. 2009) reported —646G/A, —806C/T, and —863C/A
polymorphism; one study (Shi et al. 2009) identified
+448G/A polymorphism. None of these studies achieved
any significant difference.

Discussion

Our systematic review summarized the available evidence
to date regarding the association between TNF-o and the
risk of ischemic stroke. The results from meta-analysis
suggest that the TNF-a —238G/A polymorphism is likely
to be associated with the risk of ischemic stroke. Meta-
analysis performed separately for Caucasian and Asian
studies showed that —238G/A heterozygotes presented an
elevated risk of ischemic stroke compared with wild
homozygotes in Asian adults, but no association in Cau-
casians was revealed. No significant association was
observed for other TNF-ao polymorphisms analyzed.

The parsimonious approach suggested that the finest
genetic model for TNF-oo —238G/A polymorphism was
codominant model. Therefore, the TNF-a —238 AG
heterozygotes present a roughly 1.44-fold higher risk of
developing ischemic stroke compared with GG wild
homozygotes. However, subgroup analyses showed that the
AG genotype carriers presented an elevated risk of 1.41-
fold for developing ischemic stroke in Asian adults only. It
is ambiguous why the association of this mutation differs in
different ethnicity, even though the major frequency of G
allele was similar in different races (96.9 % in Asians and
95.1 % in Caucasians). However, it may be due to the
limited quantity of included studies of Caucasians (only
two studies). Our results are strengthened by the fact that
there were significant differences in per-allele contrast and
dominant genetic model. Moreover, meta-analysis of
—308G/A polymorphism showed that A allele carriers
(AA + AG) presented a decreased risk of ischemic stroke
in Caucasians; however, this may be a spurious result that
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Table 3 Multivariate meta-

analysis for all contrasts Polymorphism Contrast Number of studies Odds ratio 95 % Confidence interval
conducted for TNF-a. —308G/A, TNF-o. —308G/A
—238G/A, —857C/T, and
—1031T/C for their association AG versus GG
with ischemic stroke Overall 23 0.86 0.69 1.08
HWE (yes) 17 0.87 0.68 1.12
Adults 20 0.83 0.66 1.05
Children 3 1.14 0.55 2.36
Asian 14 0.94 0.69 1.26
Caucasian 9 0.73 0.52 1.02
AA versus GG
Overall 23 0.79 0.45 1.42
HWE (yes) 17 0.75 0.40 1.41
Adults 20 0.67 0.35 1.28
Children 3 1.78 0.49 6.53
Asian 14 0.80 0.34 1.85
Caucasian 9 0.80 0.40 1.60
TNF-a —238G/A
AG versus GG
Overall 14 1.44 1.11 1.86
HWE (yes) 11 1.48 1.05 2.10
Adults 13 1.46 1.11 1.91
Asian 12 1.41 1.02 1.95
Caucasian 2 1.63 0.95 2.79
AA versus GG
Overall 14 1.98 0.73 5.40
HWE (yes) 11 1.31 0.43 4.01
Adults 13 2.04 0.72 5.78
Asian 12 2.00 0.68 5.88
Caucasian 2 1.97 0.05 73.82
TNF-a —857C/T
TC versus CC 4 0.94 0.71 1.26
TT versus CC 4 1.02 0.51 2.02
TNF-a —1031T/C
CT versus TT 3 1.08 0.67 1.74
CC versus TT 3 0.91 0.45 1.83

the parsimonious approach suggested an insignificant
overall gene effect and nonexistence of the finest genetic
model of inheritance for the —308G/A polymorphism.
The present meta-analysis differs from the previous
meta-analyses analyzing the association between the TNF-
o polymorphisms and ischemic stroke risk (Pereira et al.
2007; Gu et al. 2013a, b). Pereira et al. (2007) performed a
meta-analysis that investigated the effect of TNF-o
—308G/A polymorphism on the risk of ischemic stroke
with eight case—control studies in 2007, and they suggested
that the —308G/A polymorphism was a protective factor
for ischemic stroke in Asians only. Latterly Gu et al.
(2013b) conducted a meta-analysis with 13 studies and
suggested that —308G/A polymorphism was associated
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with the risk of juvenile ischemic stroke, and it was a
protective factor for ischemic stroke in Asians and adult
population. However, our meta-analysis with 23 case—
control studies from 19 articles demonstrated that the TNF-
o —308G/A polymorphism was not associated with
ischemic stroke risk. Afterward, Gu et al. (2013a) carried
out a meta-analysis with seven studies and indicated that
—238G/A polymorphism increased the risk of ischemic
stroke in adults and Caucasians. But in the present meta-
analysis with 14 case—control studies from 11 articles, we
suggest that —238G/A heterozygotes (AG) presented an
elevated risk of ischemic stroke compared with wild
homozygotes (GG) in Asian adults only. Compared to the
previous meta-analyses, our study was a systematic review
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Table 4 Univariate meta-analysis for all contrasts conducted for TNF-o. —308G/A,
with ischemic stroke

—238G/A, —857C/T, and —1031T/C for their association

Polymorphism  Contrast and Number of  p for OR (95 % CI) Cochran’s  p for I? Between-study
subgroup studies OR Q heterogeneity (%) variance (%)

TNF-o —308G/A
A versus G
Overall 23 0.204  0.87 (0.70, 1.08) 106.59 0.000 794  0.189
HWE (yes) 17 0.375  0.89 (0.69, 1.15) 76.33 0.000 79.0  0.197
Asian 14 0.679  0.94 (0.69, 1.27) 63.66 0.000 79.6  0.235
Caucasian 9 0.129  0.78 (0.56, 1.08) 39.82 0.000 79.9  0.165
Adults 20 0.525  0.93 (0.74, 1.17) 85.32 0.000 717 0.175
Children 3 0.141  0.56 (0.25, 1.22) 17.86 0.000 88.8  0.407
AA versus AG + GG
Overall 23 0.787  0.93 (0.54, 1.60) 34.45 0.807 47.8  0.617
HWE (yes) 17 0.587  0.86 (0.51, 1.46) 16.59 0.219 21.7  0.203
Asian 14 0.837  0.91 (0.39, 2.15) 26.85 0.003 62.8 1210
Caucasian 9 0.986  1.01 (0.56, 1.80) 7.60 0.369 7.9 0.059
Adults 20 0.514  0.81 (0.43, 1.52) 32.94 0.005 545  0.821
Children 3 0.306  1.58 (0.66, 3.80) 0.43 0.807 0.0 0.000
AA + AG versus GG
Overall 23 0.121  0.84 (0.67, 1.05) 83.22 0.000 73.6  0.180
HWE (yes) 17 0.171  0.85 (0.67, 1.07) 53.11 0.000 69.9 0.143
Asian 14 0.627  0.93 (0.69, 1.25) 60.86 0.000 78.6  0.220
Caucasian 9 0.041  0.71 (0.51, 0.99) 19.93 0.011 59.9  0.128
Adults 20 0.071  0.81 (0.65, 1.02) 73.36 0.000 74.1  0.171
Children 3 0.788  1.11 (0.51, 2.43) 5.19 0.075 614  0.284

TNF-o —238G/A
A versus G
Overall 14 0.003  1.62 (1.18, 2.23) 47.19 0.000 72.5 0.231
HWE (yes) 11 0.009  1.69 (1.14, 2.51) 41.94 0.000 762 0.302
Asian 12 0.031  1.39 (1.03, 1.87) 30.65 0.001 64.1  0.151
Caucasian 2 0.000  3.58 (2.22, 5.80) 0.05 0.821 0.0 0.000
Adults 13 0.002  1.72 (1.22, 2.43) 42.81 0.000 72.0  0.260
Children 1 0.974  0.99 (0.70, 1.41) NA NA NA NA
AA versus AG + GG
Overall 14 0.241  2.18 (0.59, 7.97) 12.54 0.051 52.1  0.341
HWE (yes) 11 0.738  1.33 (0.25, 7.03) 3.40 0.334 11.8  1.500
Asian 12 0.327  2.18 (0.46, 10.35)  10.17 0.038 60.7 1.810
Caucasian 2 0.699  1.89 (0.08, 47.08)  2.20 0.138 54.6 2945
Adults 13 0.241  2.18 (0.59, 7.97) 12.54 0.051 52.1  1.500
Children 1 NA NA NA NA NA NA
AA 4+ AG versus GG
Overall 14 0.003  1.56 (1.16, 2.10) 27.98 0.000 65.5 0.183
HWE (yes) 11 0.020  1.51 (1.07, 2.13) 37.71 0.002 643  0.192
Asian 12 0.012  1.56 (1.10, 2.20) 32.14 0.001 65.8 0210
Caucasian 2 0.072  1.67 (0.95, 2.93) 2.60 0.107 61.5 0.102
Adults 13 0.004  1.59 (1.16, 2.17) 37.68 0.000 68.1  0.195
Children 1 0.716  1.22 (0.42, 3.57) NA NA NA NA
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Table 4 continued

Polymorphism  Contrast and Number of p for  OR (95 % CI) Cochran’s  p for I Between-study
subgroup studies OR Q heterogeneity (%) variance (%)
TNF-a —857C/T
T versus C 0.647  1.02 (0.92, 1.14) 2.61 0.455 0.0 0.000
TT versus TC + CC 4 0.879  1.06 (0.52, 2.17) 11.73 0.008 744 0.351
TT + TC versus CC 4 0.777  1.02 (0.90, 1.16) 3.13 0.372 4.1 0.001
TNF-a —1031T/C
C versus T 3 0.878  0.98 (0.78, 1.24) 6.56 0.038 69.5 0.026
CCversus CT + TT 3 0.104  0.76 (0.55, 1.06) 1.89 0.389 0.0 0.000
CC + CT versus TT 3 0.866  1.03 (0.76, 1.39) 7.99 0.018 75.0  0.047

HWE Hardy—Weinberg equilibrium, OR odds ratio, NA not available

Table 5 Publication bias and
time trend results for all
univariate meta-analyses

Polymorphism  Contrast

p for Egger’s test

p for cumulative

Proteus phenomenon

TNF-0 —308G/A
A versus G
AA versus AG + GG
AA + AG versus GG
TNF-a —238G/A
A versus G
AA versus AG + GG
AA + AG versus GG

0.818
0.258
0.664

0.088
0.128
0.063

0.452
0.035
0.200

0.254
0.034
0.033

No
Yes
Yes

and meta-analysis that so far most comprehensively and
systematically evaluated the association between 10 TNF-a
polymorphisms and risk of ischemic stroke. Moreover, we
had a higher statistical power to detect the gene effect than
previous meta-analyses (Pereira et al. 2007; Gu et al.
2013a, b) with a larger sample size by including more
Chinese studies. Most importantly, the previous meta-
analyses used bivariate meta-analysis which does not
consider the within-study pairwise correlation of genotype
contrast, and a biological justification for the choice of
genetic model is not available (Bagos 2008; Minelli et al.
2005b). Therefore, we believe that this systematic review
with multivariate meta-analyses will help researchers to
better understand the association between the TNF-a
polymorphisms and risk of ischemic stroke and also indi-
cates further study fields.

Like any meta-analytic study, the present study also
should be viewed with caution because of certain inherent
limitations. First, confounding factors and heterogeneity
may have distorted the result of meta-analysis. In addition,
meta-analyses are prone to potential biases not only the
publication bias. Although our meta-analyses did not
observe any publication bias by funnel plot and Egger’s
linear regression method, we still cannot eliminate the
possibility of these biases. Second, the haplotype analyses
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could not be performed due to little information in the
eligible studies, and results may be spurious as effected by
the haplotype gene effect. Third, this meta-analysis iden-
tified data from Asians and Caucasians; hence, the results
of our study are only applicable to these two ethnicities.
Fourth, except —308G/A and —238G/A polymorphisms,
the sample size was too small and the statistical power was
too low for the other polymorphisms in TNF-a. In addition,
the minor allele frequencies of —308A and —238A were
quite small in both Asians and Caucasians; therefore, large
sample size was needed to better detect the true gene effect
of disease. Finally, perhaps one of the most important
pitfalls of the included studies in the meta-analysis may be
the study design, which was unmatched case—control for
most studies. Indeed, the case—control design leads results
prone to survival bias and underestimates gene effect of
disease.

In conclusion, the present systematic review and meta-
analysis support a prominent role of the TNF-a —238G/A
polymorphism in the risk of ischemic stroke in Asian adults
only, but do not support the role of —308G/A, —857C/T,
—1031T/C, —244G/A, —367G/A, —646G/A, —806C/T,
—863C/A, and +448G/A in the risk of ischemic stroke.
The current evidence warrants further studies with high
quality and large sample size to confirm.
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