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Abstract. Findings of a previous meta-analysis demonstrated 
no association between G894T polymorphism in endothe-
lial nitric oxide synthase (eNOS) gene and ischemic stroke. 
Results of other studies have also been inconsistent. Updated 
meta-analysis was performed to assess the association between 
the eNOS gene G894T (rs1799983) polymorphism and the risk 
of ischemic stroke. Pooled odds ratios (ORs) with 95% confi-
dence intervals (CIs) from fixed and random effects models 
were calculated. Heterogeneity in the studies was evaluated 
using the I2. Meta-regression and the ‘leave-one-out’ sensi-
tive analysis were used to examine the potential sources of 
between-study heterogeneity. Publication bias was estimated 
using the Egger's test. Data were available for 6,607 cases 
and 6,947 controls from 22 studies. Studies deviating from 
the Hardy-Weinberg equilibrium (HWE) in the controls and 
the key contributors to between-study heterogeneity were 
excluded. Significant associations between eNOS gene G894T 
polymorphism and the risk of ischemic stroke were observed 
in the dominant (OR 1.249; 95% CI, 1.145-1.361), the reces-
sive (OR 1.255; 95% CI, 1.082-1.456) and the codominant 
models (OR 1.195; 95% CI, 1.115-1.281). Moreover, in the 
subgroup analysis based on the region (Asia and Europe), 
significant associations were observed between the dominant 
and codominant genetic models but not in the recessive model. 
The results of our meta-analysis suggested that eNOS gene 
G894T polymorphism was associated with the increased risk 
of ischemic stroke, and that the T allele may be an important 
risk factor for ischemic stroke. However, further studies are 
required to confirm this result.

Introduction

Ischemic cerebrovascular disease is known to be a multifactorial 
disorder. Almost 80% of strokes are ischemic in origin and the 
remaining cases are hemorrhagic (1). It is the third leading cause 
of mortality and the most frequent disease leading to disability 
(2). Genetic factors have recently been found to be highly 
involved in ischemic stroke (3) through endothelial dysfunction.

Nitric oxide (NO) may also have an anti-thromboembolic 
effect by reducing platelet adhesion (4) and aggregation (5). 
NO synthesized produced by the enzyme nitric oxide synthase 
(NOS) from L-arginine and oxygen is a pluripotent regulatory 
gas in the cardiovascular system (6). At least three isoforms of 
NOS have been identified: neuronal (nNOS or NOS‑1), induc-
ible (iNOS or NOS-2) and endothelial nitric oxide synthase 
(eNOS) (eNOS or NOS-3).

eNOS, which produces NO, is most likely to synthesize the 
NO that is responsible for maintaining resting cerebral blood 
flow (7) and its genetic contribution to plasma NO metabolite 
levels has been demonstrated (8). The involvement of the 
eNOS gene in the physiology of the vasculature renders it a 
biologically plausible candidate for study as a susceptibility 
gene in ischemic stroke (9).

The gene encoding eNOS is located on chromosome 7 
(7q35-q36), spanning 21 kb and comprising 26 exons (10,11).
The most relevant eNOS variants are the missense G894T 
(rs1799983) variant in exon 7 leading to a change of Glu to 
Asp at site 298 (12). Alterations in this polymorphism may be 
associated with a reduction in the basal NO production (13).

Studies have been conducted to evaluate the effects of eNOS 
G894T genetic polymorphism on the risk of ischemic stroke, 
however, the results were conflicting. In their meta‑analysis in 
2009, Tao et al (9) reported that a marginal association was 
observed for homozygosity for the 894T allele with ischemic 
stroke. Recent studies (14-22) evaluated the correlations 
between eNOS G894T and the risk of ischemic stroke, however, 
the results were inconsistent. Therefore, we conducted the 
present meta-analysis to identify the association between eNOS 
gene G894T polymorphism and the risk of ischemic stroke.

Materials and methods

Publication search. The available studies published in English 
or Chinese (up to July 2012) were identified by extended 
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computer-based searches from five databases: i) PubMed; 
ii) Web of Science; iii) Google Scholar; iv) Wan Fang Med 
Online and v) China Biology Medical literature database. The 
search strategy used the following index terms (‘eNOS’ or 
‘endothelial nitric oxide synthase’ or ‘NOS3’) and (‘genetic’ 
or ‘polymorphism’ or ‘mutation’ or ‘genes’) and (‘G894T’ or 
‘Glu298Asp’ or ‘rs1799983’) and (‘ischemic stroke’ or ‘stroke’ 
or ‘brain infarction’ or ‘brain ischemia’ or ‘cerebrovascular 
disease’). We also reviewed the references cited in the studies 
and related studies to identify additional studies not captured 
in our database searches.

Inclusion criteria. Two investigators carefully reviewed the 
identified studies independently to determine whether or not 
an individual study was eligible for inclusion criteria in this 
meta-analysis. The internationally recognized diagnostic 
criterion of ischemic stroke was applied (23). The inclusion 
criteria were: i) case control or cohort study published as an 
original study to evaluate the association between the G894T 
(Glu298Asp) polymorphism in eNOS gene and the risk of 
ischemic stroke; ii) neuroimaging (computed tomography or 
magnetic resonance imaging) was used to confirm the diag-
nosis of ischemic stroke; iii) numbers were reported in two 
comparison groups (ischemic stroke vs. control groups) for 
genotypes or data provided from which numbers could be 
calculated and iv) case and control groups in each study had 
to come from the same ethnicity or period. The most recent 
and complete studies were chosen if they included overlapping 
cases/controls.

Exclusion criteria for the studies were: i) the outcomes 
included patients with hemorrhagic stroke; ii) the genotype 
frequency was not reported in the study or could not be 
obtained from authors or iii) subjects were <18 years age.

Data extraction. The information from the eligible publications 
was carefully extracted by two investigators independently, 
according to the inclusion criteria. First author, journal, year of 
publication, country, region of the studied population, number 
of patients in the groups, mean age, male/gender percentage in 
the case and control groups, and the frequencies of the alleles 
and the genotype distributions were extracted or calculated 
for the cases as well as the controls. In case of contradictory 
evaluations, a third reviewer was used.

Statistical analysis. Departure from Hardy-Weinberg 
equilibrium (HWE) for the G894T genotype distribution 
of eNOS gene in the control groups was tested using the 
Pearson's Chi-square test with exact probability, (HWE; 
P>0.05). Odd ratios (ORs) with 95% confidence interval (CI) 
were used to assess the strength of the association between 
G894T polymorphism in eNOS gene and the risk of ischemic 
stroke. Polymorphism analysis was performed considering 
the dominant (TT+GT vs. GG), recessive (TT vs. GT+GG) 
and codominant (T vs. G) models, respectively. I2 of Higgins 
and Thompson (24) was used to assess heterogeneity among 
studies. The DerSimonian and Laird random effect model 
(REM) was adopted as the pooling method if substantial 
heterogeneity was present (I2>50%) (25), otherwise, the fixed 
effect model (FEM) was selected as the pooling method. 
Subgroup analyses by region (categorized as European and 

Asian) were carried out between the G894T polymorphisms 
and the risk of ischemic stroke. Meta-regression with restricted 
maximum likelihood estimation was performed to describe 
the potentially important covariates, including sample size 
(the sum of case and control numbers), region (categorized 
as Asia and Europe), age (ratio of age or median age in the 
case group to that in the control group) and gender (ratio 
of male percentage in the case group to that in the control 
group) that might exert substantial impacts on between-study 
heterogeneity. If no significant covariates were found to be 
heterogeneous, the ‘leave-one-out’ sensitive analysis (26) 
was carried out to evaluate the key studies with substantial 
impact on between‑study heterogeneity. Influence analysis 
was conducted (27) to describe whether or not an individual 
study affected the pooled estimator. Additionally, if the main 
estimate of an individual study's omitted analysis lay outside 
the 95% CI of the combined analysis it was suspected of 
excessive influence. The modified Egger's test (28) was used 
to estimate publication bias. The STATA software version 
10.0 (Stata Corporation, College Station, TX, USA) was used 
to carry out statistical analyses. The reported probabilities 
(P-values) were two-sided. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Study characteristics. We found 22 published studies 
(14-22,29-41) with 23 outcomes (6,607 cases and 6,947 
controls) eligible for this meta-analysis connecting G894T 
polymorphism in eNOS gene to ischemic stroke, including 9 
outcomes (29-31,33-37,39), which had made a meta-analysis in 
2009 (9). The distribution of genotypes in the control groups 
were in HWE, with the exception of two studies (36,39). 
The eligible studies were case/control designs. The general 
characteristics of the G894T allele and genotype distributions 
included in this study are shown in Table I.

Meta‑analysis results. Pooled analysis was shown in Table II. 
Unlike a previous meta-analysis (9), this meta-analysis showed 
a significant association between T allele and ischemic stroke, 
in the dominant (REM OR 1.256; 95% CI, 1.066-1.480); 
codominant (REM OR 1.237; 95% CI, 1.084-1.412) and 
recessive (FEM OR 1.257; 95% CI, 1.094-1.446) models. A 
significant association was found between T allele and an 
increased risk of stroke following the exclusion of studies 
deviating from HWE in controls and sensitive analysis for the 
dominant (FEM OR 1.249; 95% CI, 1.145-1.361), recessive 
(FEM OR 1.255; 95% CI, 1.082-1.456) and codominant (FEM 
OR 1.195; 95% CI, 1.115-1.281) models.

A subgroup analysis was also performed by region to 
evaluate the effect of the eNOS gene G894T polymorphism on 
the risk of ischemic stroke. Results showed that an increased 
risk of ischemic stroke associated with the eNOS gene G894T 
polymorphism was more pronounced in Asia and Europe in 
the dominant and codominant models but not in the recessive 
model (Table II and Fig. 1).

With regard to the Asian subgroup, a significant associa-
tion with the T allele was detected in the dominant (FEM OR 
1.304, 95% CI, 1.146-1.485) and the codominant (FEM OR 
1.326, 95% CI, 1.175-1.496) models, but not in the recessive 
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model (FEM OR 1.273, 95% CI, 0.848-1.910). No studies 
deviating from HWE in the Asian subgroup are available. The 
included studies were in HWE in the controls.

The T allele was found to be significantly associated with 
ischemic stroke in the European subgroup (REM OR 1.003; 
95% CI, 0.805-1.249 for the dominant; REM OR 1.026; 95% 
CI, 0.893-1.179 for the codominant and FEM OR 1.158; 95% 
CI, 0.989-1.357 for the recessive models). Following exclusion 
of studies (36,39) that deviated from HWE in the controls 
and the ‘leave-one-out’ study (33), associations were altered 
significantly in the dominant (FEM OR 1.206; 95% CI, 
1.074-1.354) and codominant (FEM OR 1.155; 95% CI, 
1.058-1.260) models.

Sources of heterogeneity and sensitive analysis. Before 
and after excluding the studies deviating from HWE in the 
controls, strong evidence of heterogeneity was demonstrated 
in the dominant and codominant inherited models for the 
studies and the subgroup of Europe (detailed data shown 
in Table II). However, univariate meta-regression with 
the covariates of sample size (the sum of case and control 
numbers), region (categorized as Asia and Europe), age (ratio 
of mean age in the case group to that in the control group) 
and gender (ratio of male percentage in the case group to 

that in the control group) for the above-mentioned polymor-
phisms, showed that no covariates had a significant impact 
on between-study heterogeneity (data not shown). The key 
contributor of the study to between-study heterogeneity was 
assessed by the ‘leave-one-out’ sensitive analysis (26) in the 
included studies and the European subgroup. No significant 
heterogeneity (I2<50%) was found in any subgroup following 
the exclusion of certain studies. However, the association of 
eNOS gene G894T polymorphism with ischemic risk was 
significant in the dominant and codominant models in Europe 
and Asia, but not in the recessive model (detailed data shown 
in Table II).

Influence analysis. Before and after excluding studies devi-
ating from HWE in the controls as well as the key contributors 
to between-study heterogeneity, no individual study was found 
to have excessive influence on the pooled effect in the 
above‑mentioned inherited models. The result of the influence 
analysis following the exclusion of studies deviating from 
HWE in the controls is shown in Fig. 2.

Publication bias evaluation. No significant publication bias was 
detected for ischemic stroke following the exclusion of studies 
deviating from HWE in the controls and key contributors to 

Table Ⅰ. Characteristics of eNOS gene G894T polymorphism genotype distributions in studies included in this meta‑analysis.

    Genotype GG/GT/TT
    --------------------------------------------------- Percentage of male P-value for HWE
Author Year Country Region Case Control (case/control) in control Refs.

Elbaz et al 2000 France Europe 212/187/61 163/232/65 61/61 0.24 33
Markus et al 1998 UK Europe 127/187/47 96/104/36 58/51 0.40 37
MacLeod et al 1999 Scotland Europe 109/125/31 154/203/36 Na/56 0.01 36
Szolnoki et al 2005 Hungary Europe 205/179/23 144/137/14 54/53 0.01 39
Berger et al 2007 Germany Europe 869/844/188 875/733/138 54/60 0.38 29
Lv et al 2004 China Asia 69/26/5 84/14/2 62/62 0.17 35
Cheng et al 2008 China Asia 235/70/4 243/61/5 61/61 0.57 30
Cui et al 2007 China Asia 80/25/9 63/12/1 61/58 0.48 31
Hassan et al 2004 UK Europe 48/69/19 242/294/62 68/65 0.06 34
Saidi et al 2010 Tunisia Africa 98/170/61 229/174/41 55/55 0.36 18
Majumdar et al 2010 India Asia 124/43/5 159/50/5 69/67 0.58 17
Wang 2007 China Asia 47/9/2 49/10/1 60/50 0.46 40
Wang 2007 China Asia 51/5/2 46/13/1 59/53 1.00 40
Zhang et al 2009 China Asia 107/22/3 116/12/0 55/55 1.00 22
Xu and Sun 2004 China Asia 123/21/4/ 99/10/0 60/83 1.00 41
Yan et al 2011 China Asia 417/123/5 446/102/9 65/62 0.27 20
Guldiken et al 2008 Turkey Asia 82/59/5 66/61/6 51/26 0.13 14
Luo et al 2011 China Asia 118/29/1 115/15/0 57/60 1.00 16
Song et al 2010 Korea Asia 185/78/2 190/40/0 46/50 0.23 19
Yemisci et al 2009 Turkey Asia 23/36/8 22/47/12 63/47 0.17 21
Li et al 2011 China Asia 235/56/9 245/53/2 64/64 1.00 15
Di et al 2004 China Asia 27/13/0 139/30/0 Na/Na 0.37 32
Moe et al 2008 Singapore Asia 89/26/3 160/42/5 76/69 0.33 38

Na, not available.
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between-study heterogeneity in the above-mentioned three 
inherited models.

Discussion

As a pluripotent regulatory gas in the cardiovascular system, 
NO is generated by the NOS family of proteins. eNOS-derived 
NO is highly involved in the maintenance of vascular homeo-
stasis, including the regulation of the cerebral circulation (9), 
The mutations at position 298 of the eNOS gene that convert 
Glu into Asp are considered to be an important risk factor for 
ischemic stroke.

Recently, studies have been conducted to evaluate the 
correlation between G894T polymorphism in the eNOS gene 
and the risk of ischemic stroke. A marginal association was 
observed for the 894T allele with ischemic stroke (OR, 1.14; 
95% CI, 0.99-1.31) in a meta-analysis conducted by Tao and 
Chen (9). However, the results obtained remained controver-
sial. Since an individual study has a relatively small number of 
participants with low power to detect the effect, a meta-analysis 
may be the appropriate approach to achieve a more definitive 
conclusion regarding involvement of the eNOS gene G894T 
polymorphism in the risk of ischemic stroke.

In the present meta-analysis, we retrieved 22 studies (6,607 
cases and 6,947 controls) to evaluate the association of the 
eNOS gene G894T polymorphism with ischemic stroke. Of 
these studies, 13 (2,531 cases and 2,658 controls) comprised 
Asians (15-17,19,20,22,30-32,35,38,40,41); 8 (3,747 cases and 
3,845 controls) Europeans (14,21,29,33,34,36,37,39) and one 
(18) Africans. The subgroup of Africa was not analyzed due to 
the limited number of studies available (n=1).

In our meta-analysis, the combined evidence suggested 
that the eNOS gene G894T polymorphism is associated with 

Figure 2. Analysis of influence of meta‑analysis estimates, given named study 
is omitted is shown, i.e., the individual study on the pooled estimate in the 
dominant model (TT+GT vs. GG) of the eNOS gene G894T polymorphism, 
following the exclusion of studies deviating from HWE in the controls and 
‘leave one-out’ sensitive analysis. Open circle, the pooled OR, given named 
study is omitted. Horizontal lines represent the 95% CIs. OR, odds ratio.

Figure 1. Forest plots of correlation between eNOS gene G894T polymorphism and ischemic stroke risk in dominant (TT+GT vs. GG) model following 
hte exclusion of studies that deviated from Hardy-Weinberg equilibrium (HWE) in controls, a study in Africa and ‘leave-one-out’ sensitive analysis. White  
diamond, the pooled OR. Black squares, the OR in each study, with square sizes that are inversely proportional to the standard error of the OR. Horizontal 
lines represent 95% CIs. OR, odds ratio.



WANG et al:  ASSOCIATION BETWEEN eNOS AND ISCHEMIC STROKE 149

an increased risk of ischemic stroke, while the results from the 
subgroup analysis were different in various models.

When comparing the dominant (TT+GT vs. GG) and 
codominant models (T vs. G), our data indicated that the eNOS 
gene G894T polymorphism may lead to an increased inci-
dence of ischemic stroke in the Asian as well as the European 
subgroups, while no significant results were observed for the 
G894T polymorphism in the recessive model (TT vs. GT+GG) 
for Asians or Europeans (Table II).

The between-study heterogeneity is common in meta- 
analysis for genetic association studies (42). Our meta-analysis 
showed significant between‑study heterogeneity in the domi-
nant and codominant models. A number of characteristics, 
such as sample size, population ethnicity, the ratio of male, the 
age of cases and deviation from HWE in some studies may be 
the cause of the between-study heterogeneity. Meta-regression 
as well as the ‘leave-one-out’ sensitive analysis were used to 
reduce the between-study heterogeneity and to explore the 
potentially important causes of the between-study heteroge-
neity. No covariate was found to be an important contributor 
to the between-study heterogeneity by the meta-regression. 
Following the exclusion of studies that deviated from HWE in 
the controls (36,39), no substantial variation result was found 
in the above-mentioned inherited models. The key contribu-
tors of the studies to between-study heterogeneity assessed 
by the ‘leave-one-out’ sensitive analysis are shown as ‘studies 
excluded’ in Table II. After further excluding these studies, 
low heterogeneity (I2<50%) was detected in the inherited 
models and the result was not changed in the relevant studies. 
However, in the European subgroup, the result was considered 
significant in the dominant as well as the codominant models. 
In our meta-analysis, no significant publication bias was 
observed in the three hereditary models.

In conclusion, our meta-analysis suggested that there 
was a significant association between the eNOS gene G894T 
genetic polymorphism and ischemic stroke and the T allele is 
likely to act as an important ischemic stroke risk factor. The 
present study is limited by its relatively small sample size 
and by the fact that the potential biases and confounders in 
this meta‑analysis were not completely precluded. To confirm 
these findings, additional large‑scale studies are required.
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