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The Correlation between E-Selectin S128R Gene Poly-
morphism and Ischemic Stroke in Chinese Population : A 
Meta-Analysis

Xitong Yang, Rong Ma, Yuanyuan Zhang, Guangming Wang

Genetic Testing Center, The First Affiliated Hospital of Dali University, Dali, China

To perform a systematic review of the data collected from case-control studies conducted earlier to investigate the correlation 
between E-selectin S128R polymorphism and ischemic stroke (IS) risk among the Chinese population. The PubMed, Web of Science, 
Chinese biomedical literature database (CBM), Chinese databases China National Knowledge Infrastructure (CNKI), WanfangData 
knowledge service platform (Wanfang Data), and information resource integration service platform (VIP) Databases were searched 
to retrieve case-control studies on the correlation between E-selectin gene S128R polymorphism and IS from the inception of the 
database till June 2019. The literature was screened, data were extracted, the risk of bias was reviewed, and the studies included were 
assessed independently by two reviewers. Stata ver. 12.0 software (Stata Corp LLC, College Station, TX, USA) was used to perform the 
meta-analysis. A total of 2907 cases from eight case-control studies involving 1478 IS patients and 1429 controls were included in this 
study. The R allele and RS genotype in E-selectin were found to be associated with the risk of IS as per the results of the meta-analysis 
(R vs. S : odds ratio [OR], 2.75; 95% confidence interval [CI], 2.15–3.51; p<0.00001; RS vs. SS : OR, 2.50; 95% CI, 1.95–3.19; p<0.00001; 
RR+RS vs. SS : OR, 2.85, 95% CI, 2.21–3.67; p<0.00001). The E-selectin gene S128R polymorphism is likely related to IS based on the 
results of a meta-analysis in the Chinese population, and the R allele and RS genotype of E-selectin may be IS risk factors.
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INTRODUCTION

Ischemic stroke (IS) is one of the most complex cerebral dis-

eases, with high morbidity, disability, recurrence, and death 

rate. Each year, about 15 million individuals suffer from stroke 

across the world, of which 20% are fatal. More than 50% of 

sufferers survive but remain dependent on others for daily ac-

tivities6,18). Each year, about 5.7 million people die from stroke, 

and 87% of the patients are from low- or middle-income 

countries. IS significantly affects people’s quality of life and 

also gives rise to a series of complications, which cause pain to 

the patients and increase the burden of the family and soci-

ety4). IS is the second highest cause of death in China and the 

third highest in the world and is one of the main causes of 

adult disability. IS is a nervous system disease influenced by 

multiple complex factors including both environmental and 
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genetic factors. About 80% of IS cases are reported to be relat-

ed closely to genetic factors, as certified by epidemiological 

evidence5).

E-selectin is an adhesion molecule and expressed only on 

endothelial cells after activation by cytokines such as interleu-

kin 1, tumor necrosis factor α or bacterial lipopolysaccha-

rides10). Several polymorphisms in the E-selectin gene have 

been reported and it was recently noted that S128R E-selectin 

gene polymorphism is hardly investigated in relation to stroke. 

E-selection is a kind of surface glycoprotein, an important en-

dothelial adhesion factor that regulates leukocyte binding and 

blood infiltration to inflammatory sites. The E-selectin gene 

is composed of 14 exons and 13 introns, a variation of an ade-

nine by cytosine at the 561 gene position causes a serine to ar-

ginine (S128R) change in the protein. Das et al.2) and Roy et 

al.9) in their research found that E-selectin S128R gene poly-

morphism was related to IS, but ethnic and regional differ-

ences led to uncertainty of the findings. Thus, in this study, 

we performed a meta-analysis combining results from pub-

lished articles on the Chinese population to investigate the as-

sociation between E-selectin gene polymorphism and IS 

among the Chinese population to obtain a more precise and 

comprehensive estimate.

METHODS

Search strategy
The databases of PubMed, Web of Science, Chinese bio-

medical literature database (CBM), Chinese databases China 

National Knowledge Infrastructure (CNKI), WanfangData 

knowledge service platform (Wanfang Data), and information 

resource integration service platform (VIP) were searched by 

two authors (X.T. and R.M.) independently; the deadline for 

publication was June 2019. The searched terms were “ischemic 

OR stroke OR cerebrovascular disease OR brain hemorrhage 

OR intracranial hemorrhage OR cerebral hemorrhage OR ce-

rebral infarction” and “E-selectin S128R” OR “E-selectin 

A561C” and “polymorphism OR SNP.” Review articles and 

reference lists on the basis of these terms were obtained manu-

ally to find additional relevant studies.

Data extraction
The two investigators (X.T. and H.Y.) individually extracted 

essential information from the eligible articles. The following 

necessary data and information were extracted : 1) participant 

characteristics including mean age, gender, and country of or-

igin and the total numbers of cases and controls; 2) the basic 

characteristics of the study (including the title, published year, 

author’s names, race, etc.); and 3) cases and controls for each 

genotype characteristic and genotype distribution were in line 

with the Hardy-Weinberg equilibrium (HWE).

Inclusion and exclusion criteria
Inclusion criteria : studies 1) that evaluated the relationship 

between E-selectin S128R (A561C) polymorphisms and IS 

risk; 2) which had a case-control design; 3) or interventions 

that included IS patients in the case group and healthy indi-

viduals in the control group; 4) in which data analysis includ-

ed the odds ratio (OR), risk ratio, and the corresponding 95% 

confidence interval (CI); 5) in which the genotype distribution 

in the control group was in line with the HWE; and 6) con-

Records duplicated through 
database searching (n=40)

Records after duplicates were removed (n=8)

Full-text articles assessed for eligibility (n=10)

Studies included in qualitative synthesis (n=8)

Studies included in qualitative synthesis 
(meta-analysis) (n=8)

Records screened (n=32)

Additional records identified 
through other sources (n=0)

Studies excluded
1. Irrelevant studies (n=14)
2. Non case-control studies (n=8)

Full-text articles excluded owing to  
no available data or insufficient  
data (n=2)

Fig. 1. Flowchart representing the article selection procedure for the 
meta-analysis of the correlation between E-selectin S128R polymorphism.
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ducted on the Chinese population.

Exclusion criteria : studies 1) with repeated research, already 

published in the literature; 2) in which the control group was 

not in agreement with the HWE; 3) wherein the data descrip-

tion was vague or essential data were not provided, and the 

statistical method was not suitable; 4) in which the diagnosis 

of IS was not in accordance with international standards; and 

5) comprising reviewed literature.

Methodological quality assessment
Two reviewers, R.M. and X.T., autonomously evaluated the 

literature quality on the basis of the Newcastle-Ottawa Quali-

ty Assessment Scale11). The score scale included the following 

aspects : 1) case group is appropriate, 1; 2) case group repre-

sentativeness, 1; 3) the selection of the control group, 1;  

4) ascertainment of the control group, 1; 5) comparability of 

case and control in the experimental design and statistical 

analysis, 2; 6) ascertainment of the exposure factor, 1; 7) iden-

tical ascertainment methods of case and control group expo-

sure factor, 1; 8) no answer rate, 1; and 9) and those with scores 

>6 were regarded as “high quality.”

Statistical analysis
Stata version 12.0 software (Stata Corp LLC, College 

Station, TX, USA) was used to perform the meta-analysis 

based on OR value assessment with 95% CIs to indicate the 

correlation between the polymorphism of E-selectin S128R 

and IS risk. Heterogeneity among studies was analyzed by car-

rying out I2 statistic and chi-square tests. If the chi-square test 

value was <0.10 and the I2 statistic surpassed 50%, substantial 

heterogeneity was considered to exist and a random-effect 

model was applied to pool the data; otherwise, a fixed-effect 

model was applied. Publication bias was evaluated using Begg 

and Egger’s tests. p values <0.05 were considered to be indica-

tive of statistical publication bias in Egger’s tests. The study 

data were calculated with five genetic models, namely allele (R 

vs. S), homozygote (RR vs. SS), heterozygote (RS vs. SS), dom-

inant (RR+RS vs. SS), and recessive models (RR vs. RS+SS).

Table 1. characteristics of the case-control studies incorporated in the meta-analysis

Study Ethnicity
Genotyping 

method
Cases Controls p-value for 

HWE
Quality

Total RR RS SS Total RR RS SS

Chen et al.1) (2010) Han PCR-RFLP 228 0 34 194 232 0 16 216 0.57 7

Luo7) (2013) Han PCR-RFLP 181 2 34 145 135 0 10 125 0.65 7

Tang et al.12) (2011) Han PCR-RFLP 176 0 24 152 152 0 10 142 0.67 6

Wang et al.13) (2010) Han PCR-RFLP 73 1 10 62 85 0 3 82 0.87 8

Wei et al.15) (2005) Zhuang PCR-RFLP 205 0 39 166 210 0 22 188 0.25 7

Yuan et al.16) (2013) Han PCR-RFLP 199 2 43 154 143 0 6 118 0.78 8

Zhang et al.19) (2009) Han PCR-RFLP 120 0 22 98 102 0 7 95 0.72 7

Zhao et al.20) (2012) Han PCR-RFLP 314 1 37 276 389 0 18 371 0.64 6

HWE : Hardy-Weinberg equilibrium, PCR : polymerase chain reaction, RELP : restriction fragment length polymorphisms

Table 2. Results of the meta-analysis according to various genotype models

Genetic model
OR (95% CI) p-value*

Text of heterogeneity

Name Explanation p-value, I2 (%) Effect model

Allele model R vs. S 2.75 (2.15–3.51) <0.00001 0.61, 0 F

Homozygote model RR vs. SS 4.04 (0.84–19.33) 0.08 1.00, 0 F

Heterozygote model RS vs. SS 2.50 (1.95–3.19) <0.00001 0.17, 32 F

Dominant model RR+RS vs. SS 2.85 (2.21–3.67) <0.00001 0.67, 0 F

Recessive model RR vs. RS+SS 3.53 (0.74–16.91) 0.11 1.00, 0 F

*OR. OR : odds ratio, CI : confidence interval, F : fixed-effect model
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RESULTS

Data collection and characteristics of the studies
Forty studies were selected, specifically 11 from PubMed, 

two from the Web of Science, four from CBM, five from 

CNKI, 17 from Wanfang, and one from the WIP Database. 

Eventually, eight studies were found to meet the crite-

ria1,7,12,13,15,16,19,20), with 1478 cases and 1429 controls. All studies 

Study of subgroup
Case Control OR OR

Event Total Event Total Weight (%) M.H., fixed, 95% CI M.H., fixed, 95% CI
Chen et al.1) (2010) 34 456 16 464 17.2 2.26 (1.23–4.15)
Luo7) (2013) 38 362 10 270 12.0 3.05 (1.49–6.24)
Tang et al.12) (2011) 24 352 10 304 11.7 2.15 (1.01–4.57)
Wang et al.13) (2010) 12 146 3 170 3.0 4.99 (1.38–18.03)
Wei et al.15) (2005) 39 410 22 440 22.6 2.00 (1.16–3.43)
Yuan et al.16) (2013) 4 398 6 248 7.7 5.40 (2.27–12.83)
Zhang et al.19) (2009) 22 240 7 204 8.1 2.84 (1.19–6.79)
Zhao et al.20) (2012) 39 628 18 778 17.7 2.80 (1.58–4.94)

Total (95% CI) 2992 2878 100.0 2.75 (2.15–3.51)
Total events 255 92
Heterogeneity : chi2=5.40, df=7 (p=0.61); I2=0%

	 0.01	 0.1	 1	 10	 100
		  Favours (experimental)		  Favours (control)

Test for overall effect : Z=8.03 (p<0.00001)

Study of subgroup
Case Control OR OR

Event Total Event Total Weight (%) M.H., fixed, 95% CI M.H., fixed, 95% CI
Chen et al.1) (2010) 0 194 0 216 Not estimable
Luo7) (2013) 2 147 0 125 27.4 4.31 (0.21–90.68)
Tang et al.12) (2011) 0 152 0 142 Not estimable
Wang et al.13) (2010) 1 63 0 82 21.9 3.96 (0.16–98.86)
Wei et al.15) (2005) 0 166 0 188 Not estimable
Yuan et al.16) (2013) 2 156 0 118 28.8 3.83 (0.18–80.64)
Zhang et al.19) (2009) 0 98 0 98 Not estimable
Zhao et al.20) (2012) 1 277 0 371 21.9 4.03 (0.16–99.32)

Total (95% CI) 1253 1337 100.0 4.04 (0.84–19.33)
Total events 6 0
Heterogeneity : chi2=0.00, df=3 (p=1.00); I2=0%

	 0.01	 0.1	 1	 10	 100
		  Favours (experimental)		  Favours (control)

Test for overall effect : Z=1.75 (p=0.08)

Study of subgroup
Case Control OR OR

Event Total Event Total Weight (%) M.H., fixed, 95% CI M.H., fixed, 95% CI
Chen et al.1) (2010) 34 228 16 232 15.7 2.37 (1.27–4.42)
Luo7) (2013) 34 179 10 135 10.8 2.93 (1.39–6.17)
Tang et al.12) (2011) 24 176 10 162 10.5 2.40 (1.11–5.19)
Wang et al.13) (2010) 10 72 3 85 2.8 4.41 (1.16–16.70)
Wei et al.15) (2005) 39 205 32 210 29.8 1.31 (0.78–2.18)
Yuan et al.16) (2013) 43 197 6 124 6.7 5.49 (2.26–13.33)
Zhang et al.19) (2009) 22 120 7 102 7.2 3.05 (1.24–7.46)
Zhao et al.20) (2012) 37 313 18 389 16.5 2.76 (1.54–4.96)

Total (95% CI) 1490 1439 100.0 2.50 (1.95–3.19)
Total events 243 102
Heterogeneity : chi2=10.37, df=7 (p=0.17); I2=32%

	 0.01	 0.1	 1	 10	 100
		  Favours (experimental)		  Favours (control)

Test for overall effect : Z=7.26 (p<0.00001)

Fig. 2. Forest plot of IS risk associated with E-selectin S128R polymorphism. A : Allelic contrast model (R vs. S). b : Homozygote model (RR vs. SS). c : 
Heterozygote model (RS vs. SS). D : Dominant model (RR+RS vs. SS). E : Recessive model (RR vs. RS+SS). OR : odds ratio, M.H. : Mantel-Haenszel, cI : 
confidence interval, IS : ischemic stroke.

A

b

c
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were carried out on the Chinese population, seven on the Han 

ethnic group, and one on the Zhuang ethnic group. The de-

tailed procedure for the selection of the studies is presented in 

Fig. 1. The study characteristics including the basic literature-

related information, the original data, the p value for HWE, 

the genotype data, and quality assessment are shown in Table 1.

Meta-analysis results
The eight eligible case-control studies included 1478 cases 

and 1429 controls. The findings of this meta-analysis such as 

heterogeneity tests, effect models, pooled ORs with 95% CI, 

and the respective p values are given in Table 2. Overall, a sig-

nificantly increased risk was observed with the five genetic 

models : allelic contrast model R vs. S : OR, 2.75; 95% CI, 

2.15–3.51; p<0.00001 (Fig. 2A); homozygote model RR vs. SS : 

OR, 4.04, 95% CI, 0.84–19.33; p=0.08 (Fig. 2B); heterozygote 

model RS vs. SS : OR, 2.50; 95% CI, 1.95–3.19; p<0.00001 (Fig. 

2C); dominant model RR+RS vs. SS : OR, 2.85; 95% CI, 2.21–

3.67; p<0.00001 (Fig. 2D); and recessive model RR vs. RS+SS : 

OR, 3.53; 95% CI, 0.74–16.91; p=0.11 (Fig. 2E). A significant 

association between the allelic contrast, heterozygote, and 

dominant models and the Chinese IS population was ob-

served.

Sensitivity analysis and publication bias
The meta-analysis publication bias was determined using 

funnel plots (Fig. 3), which showed a bit of publication bias in 

the allelic contrast and dominant gene models that might have 

influenced the results. Sensitivity analysis showed that delet-

ing every single study with pooled ORs did not affect the sta-

bility of the results (Fig. 4).

DISCUSSION

The IS risk factors include a series of diseases such as ath-

Study of subgroup
Case Control OR OR

Event Total Event Total Weight (%) M.H., fixed, 95% CI M.H., fixed, 95% CI
Chen et al.1) (2010) 34 228 16 232 17.4 2.37 (1.27–4.42)
Luo7) (2013) 36 181 10 135 11.8 3.10 (1.48–6.51)
Tang et al.12) (2011) 24 176 10 152 12.0 2.24 (1.04–4.85)
Wang et al.13) (2010) 11 73 3 85 3.0 4.85 (1.30–18.13)
Wei et al.15) (2005) 39 205 22 220 22.2 2.11 (1.21–3.71)
Yuan et al.16) (2013) 45 199 6 124 7.4 5.75 (2.37–13.92)
Zhang et al.19) (2009) 22 120 7 102 8.0 3.05 (1.24–7.46)
Zhao et al.20) (2012) 38 314 18 389 18.2 2.84 (1.59–5.08)

Total (95% CI) 1496 1439 100.0 2.85 (2.21–3.67)
Total events 249 92
Heterogeneity : chi2=4.90, df=7 (p=0.67); I2=0%

	 0.01	 0.1	 1	 10	 100
		  Favours (experimental)		  Favours (control)

Test for overall effect : Z=8.09 (p<0.00001)

Study of subgroup
Case Control OR OR

Event Total Event Total Weight (%) M.H., fixed, 95% CI M.H., fixed, 95% CI
Chen et al.1) (2010) 0 228 0 232 Not estimable
Luo7) (2013) 2 181 0 135 27.3 3.77 (0.18–79.26)
Tang et al.12) (2011) 0 176 0 152 Not estimable
Wang et al.13) (2010) 1 73 0 85 21.9 3.54 (0.14–88.18)
Wei et al.15) (2005) 0 205 0 220 Not estimable
Yuan et al.16) (2013) 2 199 0 124 29.4 3.15 (0.15–66.20)
Zhang et al.19) (2009) 0 120 0 102 Not estimable
Zhao et al.20) (2012) 1 314 0 389 21.5 3.73 (0.15–91.81)

Total (95% CI) 1496 1439 100.0 3.53 (.074–16.91)
Total events 6 0
Heterogeneity : chi2=0.01, df=3 (p=1.00); I2=0%

	 0.01	 0.1	 1	 10	 100
		  Favours (experimental)		  Favours (control)

Test for overall effect : Z=1.58 (p=0.11)

Fig. 2. continued.

D

E
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erosclerosis, dyslipidemia, hypertension, and hyperhomocys-

teinemia. Clinical studies have shown that not all strokes are 

related to diseases, and genetic factors are now being consid-

ered to play an important role in IS3). E-selectin is one of the 

main members of the adhesive molecular selectin family that 

acts as a cell surface glycoprotein. It has a molecular weight of 

115×103 with 589 amino acid residues and is only expressed on 

the surface of endothelial cells activated by cytokines. E-selec-

tin is a pro-inflammatory cytokine in vivo and participates in 

the adhesion and aggregation of various white blood cells (in-

cluding neutrophils, macrophages, monocytes, etc.). It is si-

multaneously involved in lipid metabolism, affecting the cho-

lesterol, low-density lipoprotein, and high-density lipoprotein 

levels. The selectins are a family of carbohydrate-binding pro-

Fig. 3. Funnel plot for risk of IS associated with E-selectin S128R polymorphism. SE : standard error, OR : odds ratio; IS : ischemic stroke.
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teins (lectins) that are differentially expressed by leukocytes 

and endothelial cells, which promote the accumulation of leu-

kocytes around the areas of injury or inflammation around 

arterioles. E-selectin has a significant role in atherosclerosis, 

inflammation, and thrombosis stroke as well as other patho-

logical processes.

It has been demonstrated that E-selectin is upregulated after 

focal cerebral ischemia through various animal models14,17). At 

present, only a fragment of the single nucleotide polymor-

phisms in the E-selectin gene has been identified. The most 

common polymorphism of the E-selectin gene, S128R, occurs 

on exon 4 of the gene. Specifically, serine (Ser) substitutes the 

arginine (Arg) surrounding the extracellular region of the re-

ceptor, increasing the affinity for ligands and serving as a 

Fig. 4. Sensitivity analysis of OR summary on correlation between polymorphism of E-selectin S128Rand IS risk. A : Allelic contrast model (R vs. S). b : 
Homozygote model (RR vs. SS). c : Heterozygote model (RS vs. SS). D : Dominant model (RR+RS vs. SS). E : Recessive model (RR vs. RS+SS). OR : odds ratio, 
IS : ischemic stroke.

Meta-analysis estimates, given named study is omitted
 Lower CI limit                Extimate                         Upper CI limit

Meta-analysis estimates, given named study is omitted
 Lower CI limit                Extimate                         Upper CI limit

Meta-analysis estimates, given named study is omitted
 Lower CI limit                Extimate                         Upper CI limit

Meta-analysis estimates, given named study is omitted
 Lower CI limit                Extimate                         Upper CI limit

Meta-analysis estimates, given named study is omitted
 Lower CI limit                Extimate                         Upper CI limit
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functional polymorphism. E-selectin S128R polymorphism is 

known to participate in IS to a certain extent. Therefore, this 

study aimed to ascertain the correlation between polymor-

phism of the E-selectin gene S128R and the genetic suscepti-

bility to IS, which has a significantly immense role to play in 

the effective diagnosis and treatment of IS.

This meta-analysis used eight studies to review and analyze 

the relationship between the polymorphism of E-selection and 

IS among the Chinese population, although the study popula-

tion contained different ethnic groups. Like most studies, our 

meta-analysis also showed that the R allele significantly in-

creases the IS risk, indicating a positive correlation between E-

selectin and IS. Although the ethnic groups in this study were 

different, seven studies included only Han Chinese and one 

focused on the Zhuang community. However, the results 

showed that the R allele significantly increases the risk of IS in 

the Han and Zhuang populations in China. The majority of 

the Chinese population is Han. Our meta-analysis results 

were as follows : R vs. S, p<0.00001; RS vs. SS, p<0.00001; and 

RR+RS vs. SS, p<0.00001. All three gene models had statistical 

significance. Therefore, it can be considered that the R allele 

of E-selectin and the RS genotype can significantly increase IS 

risk, which indicates a genetic susceptibility factor to stroke 

among the Chinese population. This may be attributed to ce-

rebral vascular endothelial damage under the inflammatory 

condition, causing the expression of E-selectin to increase 

rapidly and leading to a significantly higher level of E-selectin 

than before. Wei et al.’s research15) showed the polymorphism 

of the E-selectin gene S128R can affect the serum E-selectin 

level. The serum E-selectin levels of patients with the RS geno-

type were significantly higher than those of noncarriers. In 

pathological conditions, the population with the R allele was 

found to have a significantly higher IS risk, which may be at-

tributed to the R allele affecting the expression of E-selectin in 

endothelial cells. Transformation of the genetic structure 

causes changes in protein function, thus promoting high ex-

pression of E-selectin and causing the IS incident to increase 

significantly. This is consistent with the conclusion by Mle-

kusch et al.8) that the E-selectin genotype tends to influence 

the serum E-selectin level.

Our study had the following limitations : 1) all case-control 

studies were conducted mostly on the Han population and 

only one was conducted on the Zhuang population, thus lead-

ing to a lack of data on other populations. 2) All case-control 

studies had only a few and sometimes no populations with the 

RR genotype, which may influence the final results. 3) Only 

published articles were included. And 4) not all the case–con-

trol studies have intact background data for the study such as 

age, smoking, alcohol consumption, and other lifestyle fac-

tors. The correlational study conducted between E-selectin 

S128R polymorphism and IS susceptibility among the Chinese 

population can be implemented as case-control, multicenter 

studies on larger samples in various nations.

CONCLUSION

To conclude, this study indicated that the E-selectin R allele 

and RS genotype may be risk factors for IS. Further investiga-

tions with a larger sample size and detailed gene and environ-

mental data are needed to confirm the findings of this study.
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