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nicity, a significant association between Apo ε4 carrier and 
risk of IS was observed in Asian studies (OR 1.53, 95% CI 1.04–
2.25, p = 0.031) whereas borderline significant association 
between APO ε4 carrier and risk of IS was observed in Cau-
casian studies (OR 1.36, 95% CI 0.95–1.93, p  = 0.093).  Key 

Messages:  Our meta-analysis suggests that APOE ε4 allele is 
associated with higher risk of IS in Asian population as com-
pared to Caucasian population.  © 2016 S. Karger AG, Basel 

 Introduction 

 Stroke is the second major leading cause of death and 
adult disability after ischemic heart disease  [1] . Stroke has 
accounted for nearly 5.7 million deaths globally and 87% 
of these deaths take place in low and middle income na-
tions  [2] . In the last 4 decades, incidence of stroke in 
South Asian countries has been amplified by more than 
100% while this is decreased by 42% in the developed 
 European countries  [3, 4] . This increase in the incidence 
of stroke in developing countries could have been influ-
enced by environmental and genetic factors. Ischemic 
stroke (IS) is a multifactorial, polygenic disease and com-
prises of 80–85% of overall stroke  [5] . Epidemiological 
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 Abstract 

  Background:  Previous studies examining the association of 
apolipoprotein E (APOE) gene polymorphism with the risk of 
ischemic stroke (IS) have yielded conflicting results. There-
fore, we performed a meta-analysis to investigate the asso-
ciation between APOE ε4 gene polymorphism and risk of IS. 
 Summary:  A literature search for genetic association studies 
published before May 30, 2015, was conducted in the 
PubMed, EMBASE and Google Scholar databases. The fol-
lowing search terms were used: (apolipoprotein E) or (APOE) 
and (ε4) and (polymorphism) or (polymorphisms) and (‘isch-
emic stroke’ or ‘IS’) and (‘cerebral infarction’ or ‘CI’) and (‘ge-
netic polymorphism’ or ‘single nucleotide polymorphisms’ 
or ‘SNP’). ORs and 95% CIs were used to calculate the strength 
of association. Begg’s funnel plot was used to assess the po-
tential for publication bias. In our meta-analysis, 26 case–
control studies involving 6,397 IS cases and 19,053 controls 
were included. Overall significant association between car-
rier of ε4 allele and risk of IS was observed (OR 1.43, 95% CI 
1.10–1.85, p = 0.007). In the subgroup analysis based on eth-
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and animal studies have robustly recommended genetic 
influence in the pathogenesis of IS.

  Apolipoprotein E ( APOE ) gene is one of the common-
ly studied genes in vascular and neurodegenerative dis-
eases, which is located on chromosome 19q13.2  [6] . Its 
protein products are composed of glycoprotein with 3 
common isoforms E2, E3 and E4 encoded by the respec-
tive alleles ε2, ε3 and ε4 giving rise to 6 genotypes. Apo-E 
protein plays an important role in lipid metabolism and 
transport and is also significantly expressed in the brain. 
There is substantial evidence of association between Apo 
ε4 allele and elevated low density lipoprotein cholesterol 
levels and thereby there is an increase in the risk of car-
diovascular disease  [7–10] . It has been shown that elevat-
ed level of ApoE in plasma is an important risk factor for 
stroke. Several studies have shown inconsistent results for 
the association between  APOE  gene polymorphism and 
risk of IS  [11] . Factors responsible for inconsistent results 
include different study designs and inadequate character-
ization of phenotypes, variation in sample size and lack of 
proper case–control matching. Thus, we conducted a me-
ta-analysis to investigate the association between  APOE  
gene polymorphism and risk of IS.

  Methods 

 Identification of Relevant Studies 
 A literature search for genetic association studies published be-

fore May 30, 2015, was conducted in the PubMed, EMBASE and 
Google Scholar databases. The following search terms were used: 
(apolipoprotein E) or (APOE) and (ε4) and (polymorphism) or 
(polymorphisms) and (‘ischemic stroke’ or ‘IS’) and (‘cerebral in-
farction’ or ‘CI’) and (‘genetic polymorphism’ or ‘single nucleotide 
polymorphisms’ or ‘SNP’). We included studies that were con-
ducted on human subjects and the studies were searched without 
any limitations on language. We thoroughly reviewed all the refer-
ences to find out the relevant published studies in the literature.

  Inclusion and Exclusion Criteria 
 The inclusion criteria for the studies were as following: (1) 

case–control studies exploring the association between the APOE 
ε4 gene polymorphism and risk of IS, (2) diagnosis of IS according 
to World Health Organization and (3) studies with enough re-
ported genotypic and allelic data. The exclusion criteria were: (1) 
study design other than case–control study, (2) publications with 
overlapping cases and controls from the similar study and (3) no 
genotypic data available. We followed the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guideline  [12] .

  Data Extraction 
 Two authors (A.K. and P.K.) separately reviewed each full-text 

article for eligibility and extracted the data. Any disagreements 
were resolved by discussion among all the authors.

  Quality Assessment 
 We also checked the methodological quality of each study using 

a methodological quality assessment scale  [13]  for the genetic as-
sociation studies and it was modified by us to increase the rele-
vance of our study. This scale took into account both traditional 
epidemiological considerations and genetic issues. The scores 
ranged from 0 (worst) to 16 (best). Details of the scale items are 
presented in  table 1 . Two authors (A.K. and P.K.) independently 

Table 1.  Scale for quality assessment

Criteria Score

Representativeness of cases
Selected from any population disease registry or 

multiple center sites 2
Selected from any cardiology/neurology 1
Not described 0

Source of controls
Population or neighbour based 3
Hospital based 2
Healthy volunteers with total description 1
Healthy volunteers without total description 0.5

Matching of controls
Age and sex match 2
Smoking, hypertensive, diabetics 1
Not matched 0

Ascertainment of IS
Adequate confirmation 2
Diagnosis of IS by patient medical record 1
Not described 0

Ascertainment of controls
Stroke frees status by using appropriate QVSS or 

CT/MRI 1
Not described 0

Genotyping
Genotyping done under blinded conditions 1
Unblinded or not mentioned 0

Genotyping method
DNA sequencing/multiplex polymerase chain reaction 2
Polymerase chain reaction-restriction fragment length 

polymorphism 1
Others 0

HWE
Allelic frequency in accordance HWE 2
Not HWE but followed statistics to adjust confounding 1
Not checked 0

Association assessment
Appropriate statistics and examining confounders 

and effect modifiers 1
Inappropriate statistics used inappropriate 

statistics used 0

Total score 16
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assessed the quality of included studies. Discrepancies over quality 
scores were resolved by discussion among all the authors and sub-
sequent consensus was reached.

  Statistical Analysis 
 Hardy–Weinberg equilibrium (HWE) using the chi-square test 

was used to check the distribution of genotypes. Pooled OR and 
95% CI were used to test the magnitude of association between the 
APOE ε4 gene polymorphism and risk of IS. Heterogeneity be-
tween studies was checked by using I 2  metric  [14] . I 2  >50% was 
considered as presence of significant heterogeneity. Fixed effects 
model was used when I 2  <50%, or else random effects model was 
used. Along with an overall comparison, stratified analysis on the 
basis of ethnicity and age was used to explore whether differences 
in association are present between different ethnicities and differ-
ent age groups. Begg’s funnel plot was used to assess the potential 
for publication bias. All the statistical analysis was performed us-
ing STATA version 13.1 software.

  Results 

 A total of 62 published articles were identified using 
the pre-specified search strategy.  Figure 1  represents a 
flow chart of included and excluded studies along with 
their causes for exclusion. Out of 62 retrieved articles, 21 
studies were excluded because they were irrelevant to our 
interests, 6 studies were excluded as they were in dupli-
cate records, 7 studies were excluded due to conducted in 
other than IS and 2 studies were excluded as they were not 

of case–control study design. Keeping the inclusion crite-
ria in mind, 26 case–control studies were included in our 
meta-analysis. Based on ethnicity, studies were carried 
out in 2 major ethnic populations; 11 studies were con-
ducted in Asian while 15 studies were conducted in Cau-
casian population. We found the studies published in the 
literature from year 1993 to 2013. The genotype distribu-
tion in controls of 12 studies included in the present me-
ta-analysis was in accordance with HWE. The method-
ological qualities of most of the studies were found to be 
moderately high. Out of 26 studies, the source of controls 
was hospital based in 13 studies, population based in 10 
studies and 3 studies did not report their source of con-
trols. A summary of the characteristics and methodolog-
ical quality of the included studies in the present meta-
analysis are mentioned in  table 2 .

  A total of 26 case–control studies involving 6,397 cas-
es and 19,053 controls were included in our meta-analy-
sis. Overall, a significant association between carrier of ε4 
allele and risk of IS was observed (OR 1.43, 95% CI 1.10–
1.85, p = 0.007). In the subgroup analysis based on ethnic-
ity, significant association between Apo ε4 carrier and 
risk of IS was observed in 11 Asian studies involving 2,327 
IS cases and 2,546 controls (OR 1.53, 95% CI 1.04–2.25, 
p = 0.031) but borderline significant association was ob-
served in 15 Caucasian studies involving 4,070 IS cases 
and 15,507 controls (OR 1.36, 95% CI 0.95–1.93, p  = 
0.093). A significant heterogeneity was observed (I 2   = 

Records identified through
database searching (n = 55)

Initial screening (n = 62)

Title and abstract review (n = 35)

Additional record
identified (n = 7)

Full text review (n = 28)

7 were excluded:
Other than IS (n = 7)

27 were excluded:
Irrelevant studies (n = 21)
Duplicate records (n = 6)

26 studies were included

Id
en

tif
ica

tio
n

Sc
re

en
in

g
In

clu
sio

n 
2 were excluded:

Not a case–control study (n = 2)

  Fig. 1.  Flow diagram of the selection of 
studies and specific reasons for exclusion 
from the present meta-analysis. 
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86.2%; p Het  < 0.0001;  fig. 2 ). The shape of the Begg’s fun-
nel plot suggests the presence of significant publication 
bias ( fig. 3 ).

  We analyzed the data using meta-regression analysis 
to explore whether age plays a significant role in the as-
sociation between Apo-E polymorphism and risk of IS 
and found that increasing age is associated with decrease 

in effect size of association of APOE polymorphism with 
the risk of IS (p = 0.05;  fig. 4 ). Further stratified analysis 
based on age category grouped as  ≤ 60 and >60 years was 
done, and we found patients with IS having age  ≤ 60 years 
(OR 2.54, 95% CI 2.13–3.02) and age >60 years (OR 1.19, 
95% CI 1.08–1.32) had a significant association of APO-E 
ε4 genotype with the risk of IS ( fig. 5 ).

  Fig. 2.  Forest plot for the association between APOE ε4 gene polymorphism and IS risk. 
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  Discussion 

 There is evidence about the involvement of genetic 
factors for development of IS. In the present meta-anal-
ysis, we investigated the association between Apo-ε4 
gene polymorphism and risk of IS. Our study results sug-
gest that there is a higher risk of IS in subjects who are 
carriers of ε4 allele of  APOE  gene. Our findings are con-
sistent with the previously published meta-analysis  [15]  
involving 4,096 IS cases and 16,117 controls suggesting 
Apo-E polymorphism contributes to the risk of stroke 
(OR 1.11, 95% CI 1.01–1.22). A recently published meta-
analysis suggested that APO-ε4 allele is associated with 
increased risk for cerebral infarction in Chinese popula-
tion  [16] .

  We also conducted a subgroup analysis based on eth-
nicity and observed that the Apo-ε4 carrier allele is more 
prone to have the risk of IS in Asian population as com-
pared to the Caucasian population. In the current study, 
we observed that 14 studies were deviated from HWE and 
a potential publication bias with significant heterogeneity 
was found.

  We conducted a meta-regression analysis using mean 
age of cases of individual study as continuous variables 
and found out that increasing age is associated with de-
crease in effect size of association of APOE polymor-
phism with the risk of IS (p = 0.05;  fig. 4 ). Furthermore, 
we stratified the data on the basis of the age category as 
 ≤ 60 and >60 years and observed that patients with IS hav-

ing age  ≤ 60 years had significant association of APOE ε4 
genotype with the risk of IS with an OR 2.54 and 95% CI 
2.13–3.02 while patient with IS having age >60 years had 
a significant association with an OR 1.19 and 95% CI 
1.08–1.32 ( fig. 5 ).

  There were a few limitations in our study. (1) Some 
studies included in the meta-analysis had small sample 
size and may have provided inconsistent results due to 
low statistical power. (2) Stroke risk varies as per specific 
subtypes of stroke; however, most of the studies included 
in the meta-analysis have not presented the data as per 
subtype of stroke; therefore, meta-analysis based on as-
sociation between APOE polymorphism and subtype of 
stroke has not been done. (3) The use of different meth-
odologies for genotyping method, selection of controls 
and matching criteria may have led to heterogeneity. (4) 
Heterogeneity may also be due to the variations in ethnic-
ity, age and environmental factors. (5) Survival bias may 
be present in included case–control studies as these stud-
ies may not be designed to recruit the critically ill patient 
at the acute onset.

  In spite of the limitations listed above, our findings 
demonstrate that Apo-ε4 allele is associated with in-
creased risk of IS. Our meta-analysis suggests that IS pa-
tients have higher frequency of ε4 allele in Asian popula-
tion than in Caucasian population. To explore a definitive 
conclusion, further well designed and large sample size 
epidemiological studies are needed to be performed in the 
near future.

  Fig. 3.  Begg’s funnel plot for investigating publication bias for the 
included studies. 

  Fig. 4.  Meta-regression plot for age-stratified analysis. Increasing 
age suggests a decrease in log odds of association of APOE poly-
morphism with IS (p value = 0.05). 
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  Fig. 5.  Forrest plot of stratified analysis by age for association between APOE ε4 gene polymorphism and IS risk. 
Stratified analysis based on mean age of the cases in individual study  ≤ 60 and >60 years suggests that age  ≤ 60 
years had double OR (OR 2.54) as compared to those who had mean age >60 years (OR 1.19). 
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