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lele and different subtypes of stroke (for ischemic stroke 
(IS): OR 2.19, 95% CI 1.90–2.52, p < 0.001; for intracerebral 
hemorrhage (ICH): OR 2.08, 95% CI 1.57–2.75, p < 0.001; and 
for subarachnoid hemorrhage (SAH): OR 2.03, 95% CI 1.28–
3.23, p = 0.003) among the Chinese population. In addition, 
a significant difference in the risk for different subtypes of 
stroke between ε4 carriers and ε3ε3 genotype carriers was 
found (for IS: OR 2.41, 95% CI 2.00–2.89, p < 0.001; for ICH: 
OR 2.41, 95% CI 1.68–3.47, p < 0.001; and for SAH: OR 2.04, 
95% CI 1.21–3.45, p = 0.008).  Conclusion:  The ApoE ε4 allele 
may predict an increased risk for different subtypes of 
stroke, including IS, ICH and SAH, in the Chinese popula-
tion, and the results of this genotypic analysis may help to 
identify populations at an increased risk for stroke. Further 
studies with larger sample sizes are needed to confirm our 
findings.  © 2016 S. Karger AG, Basel 

 Introduction 

 Stroke remains one of the most devastating of all neu-
rological diseases and is a common cause of death and 
gross physical impairment or disability worldwide  [1, 2] . 
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 Abstract 

  Background and Purpose:  Numerous studies have evalu-
ated the association between apolipoprotein E (ApoE) gene 
polymorphisms and the risk of different subtypes of stroke. 
However, the results remain uncertain, and few sources of 
data specific to the Chinese ethnic population contribute 
to these outstanding questions. Therefore, we performed a 
meta-analysis to derive a more comprehensive estimate of 
the association between ApoE polymorphisms and stroke 
risk in the Chinese population.  Methods:  Case–control 
studies in Chinese and English publications were identified 
by searching the PubMed, EMBASE, Web of Science, China 
Nation Knowledge Infrastructure Platform, Wanfang, and 
VIP databases and by hand-searching relevant journals and 
the reference lists of the retrieved articles. ORs and 95% CIs 
were applied to assess the strength of the associations. 
Subgroup and sensitivity analyses were performed to ex-
plore between-study heterogeneity.  Results:  Evidence of a 
significant association was found between the ApoE ε4 al-
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Stroke is generally regarded as a multifactorial disorder 
associated with genetic and environmental factors  [3–6]  
that can be classified into 3 main pathological types: isch-
emic stroke (IS), intracerebral hemorrhage (ICH), and 
subarachnoid hemorrhage (SAH). Many candidate genes 
related to both IS and hemorrhagic stroke have been ex-
tensively investigated  [7, 8] .

  Mounting evidence suggests that apolipoprotein E 
(ApoE) is a candidate gene that is associated with stroke 
 [9] . The ApoE gene, located on chromosome 19q13.2, is 
polymorphic, consisting of 3 common alleles, ε2, ε3, and 
ε4, and is able to generate 6 different genotypes (ε2/2, 
ε2/3, ε2/4, ε3/3, ε3/4, and ε4/4). ApoE is a polymorphic 
glycoprotein involved in cholesterol transport and injury 
repair in the brain  [10, 11] . Many studies assessing the 
effect of the ApoE genotype on plasma lipids have indi-
cated that the presence of the ε4 allele is associated with 
elevated total cholesterol levels but that the presence of 
the ε2 allele is associated with decreased levels of choles-
terol  [12] ; thus, the ApoE genotype affects the progres-
sion of atherosclerosis, which is the main pathology un-
derlying the ischemia-related cerebrovascular disease 
 [11, 13] . Although the exact mechanism responsible for 
the association between ApoE polymorphisms and ICH 
risk remains unclear, it appears that the ε4 allele enhanc-
es amyloid deposition in blood vessels  [14] . Thus, one 
might expect ε4 carriers to exhibit an increased suscepti-
bility for ICH, especially in a lobar location. Further-
more, the ApoE ε4 allele was associated with an increased 
risk of developing hypertension  [15] , which may be an-
other reason for the association of the ε4 allele with an 
increased ICH risk.

  In 2006, a meta-analysis  [9]  reported that carriers of 
the ApoE ε4 allele exhibited a significantly increased risk 
of IS and that the presence of the ε2 allele was associated 
with an increased ICH risk. Another meta-analysis pub-
lished in 2014 by Zhang et al.  [16]  reported that carriers 
of the ε4 allele exhibited an increased risk of ICH but that 
ε2 allele carriers showed no significant additional risk of 
ICH. These 2 meta-analyses had inconsistent results, and 
few sources of data specific to the Chinese ethnic popula-
tion contribute to these outstanding questions. Indeed, 
differences in characteristics such as ethnicity, stroke 
subtype and sources of controls (SOC) between studies 
have led to discrepancies in estimates of the effects of spe-
cific ApoE polymorphisms on stroke risk. Therefore, we 
conducted a comprehensive meta-analysis to quantify the 
overall genetic effects of certain ApoE polymorphisms on 
the risk of different subtypes of stroke in the Chinese pop-
ulation.

  Materials and Methods 

 Literature Search 
 This meta-analysis followed the preferred reporting items for 

systematic reviews and meta-analyses guidelines  [17] . We searched 
related studies from the electronic records of the PubMed, 
 EMBASE, Web of Science, China Nation Knowledge Infrastruc-
ture Platform, Wanfang, and VIP databases published through 
June 2015. The initial keywords for our search were ‘apolipopro-
tein E’ OR ‘ApoE’ AND ‘polymorphism’ OR ‘variant’ OR ‘muta-
tion’ OR ‘genotype’ AND ‘stroke’ OR ‘ischemic stroke’ OR ‘cere-
bral infarction’ OR ‘cerebral hemorrhage’ OR ‘intracerebral hem-
orrhage’ OR ‘hemorrhagic stroke’ OR ‘SAH’ OR ‘subarachnoid 
hemorrhage’ OR ‘cerebrovascular disease’ OR ‘cerebrovascular 
disorder’ OR ‘cerebral ischemia’. In addition, the reference lists of 
the articles identified by the online searches were checked manu-
ally to identify additional studies. The literature searches were lim-
ited to humans, and only studies published in English or Chinese 
were included.

  Inclusion Criteria 
 Studies were selected according to the following inclusion cri-

teria: (1) studies of the association between ApoE gene polymor-
phisms and cerebrovascular disease in Chinese populations; (2) 
studies in which diagnosis of cerebrovascular disease was con-
firmed based on the results of neurological examination and neu-
roimaging (MRI or CT) according to domestic or international 
criteria; (3) case–control studies using a population-based or hos-
pital-based design with sufficient original data for estimating an 
OR along with 95% CI; (4) studies reported as full-text articles; and 
(5) for duplicate publications, the more credible or recent study or 
the study with the larger sample size.

  Data Extraction 
 Two investigators independently extracted information from 

all eligible studies based on the inclusion criteria listed earlier. A 
consensus was arrived at after discussion of conflicting data or 
after consultation with a third investigator. From each study, the 
following information was abstracted: first author, publication 
year, geographical location of the study population, genotyping 
method, the number of cases and controls, SOC, the distribution 
of ApoE genotypes and alleles in both the case and control groups, 
and the results for Hardy-Weinberg equilibrium (HWE) in the 
control group using the χ 2  test (a p value <0.05 was considered 
statistically significant), and the Newcastle Ottawa Scale (NOS) 
score.

  Quality Score Assessment 
 The quality of each included study was independently assessed 

by the same 2 investigators using the NOS (supp1). The NOS 
scores ranged from 0 (worst) to 9 (best) based on the factors of se-
lection, comparability, and either exposure (case-control studies) 
or outcome (cohort studies).

  Statistical Analysis 
 The pooled ORs with 95% CIs were used to measure the 

strengths of the associations of ApoE gene polymorphisms with 
different subtypes of stroke. Heterogeneity between studies was 
analyzed using Cochran’s Q test and the I 2  statistic. Pooled ORs 
were calculated using a fixed-effects model (considering a Q test 
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p value (P Q ) >0.10 and an I 2  statistic <50%) or a random-effects 
model (REM, considering a P Q  <0.10 and an I 2  statistic >50%) 
due to the absence or presence of heterogeneity between the 
studies, respectively. For IS, subgroup analyses were conducted 
according to HWE status (yes or no), SOC (population-based or 
non-population-based) and IS subtype (arteriosclerotic cerebral 
infarction (ACI) or lacunar infarction (LI)). For ICH, subgroup 
analyses were conducted according to the HWE status (yes or 
no) and SOC (population-based or non-population-based). 
Non-population-based controls included hospital-based and 
mixed controls. As the ApoE ε3/3 genotype, with a frequency of 
approximately 67%, is the most common genotype in the popu-
lation, it is well accepted as the ‘wild-type’ genotype  [18] . There-
fore, individuals carrying the ε3/3 genotype or the ε3 allele were 
designated as the reference group in our study. For separate anal-
yses, ε2 carriers included patients harboring the ε2/2 or ε2/3 gen-
otype, and ε4 carriers included patients harboring the ε3/4 or 
ε4/4 genotype. Thus, ε2 and ε4 genotype carriers were indepen-
dently compared with ε3/3 genotype carriers. Moreover, the ε2 
and ε4 allele carriers were independently compared with the ε3 
allele carriers. Sensitivity analyses were performed by limiting 
the meta-analysis to studies of high-quality (NOS score >7), 
studies including population-based controls, studies with results 
meeting the HWE criteria or studies using polymerase chain re-
action (PCR)-based genotyping methods. Potential publication 
bias was assessed using the Begg’s funnel plot and Egger’s regres-
sion test (significance threshold set at p < 0.05). All meta-analy-
ses were conducted using STATA 12.0.

  Results 

 ApoE and IS in the Chinese Population 
 Study Characteristics 
 A total of 54 studies  [19–72]  containing 6,190 cases 

and 6,248 controls from China were included in the final 
meta-analysis of the association of ApoE polymorphisms 
with IS risk. The selection process is represented in  figure 
1 . The included studies and their main characteristics are 
presented in  table  1 . The participants in these studies 
were recruited from 24 provinces of China, including 
Anhui, Beijing, Guangdong, Guangxi, Hainan, Hebei, 
Heilongjiang, Henan, Hubei, Hunan, Hong Kong, Inner 
Mongolia, Jiangsu, Jilin, Liaoning, Shandong, Shanxi, 
Shanghai, Sichuan, Taiwan, Tianjin, Xinjiang, Yunnan 
and Zhejiang. Of the 54 included studies, 52 applied 
PCR-based methods to detect the ApoE gene polymor-
phism  [19–30, 32–59, 61–72] , 48 studies included popu-
lation-based controls  [19–23, 26–41, 43–46, 48–63, 65–
71] , and 17 studies contained results that did not follow 
HWE  [19, 38, 39, 41, 45, 50, 52, 56, 57, 60, 61, 65–68, 70, 
72] . Five of the eligible studies contained data on 2 sub-
types of IS, and these data were treated independently 
 [25, 27, 44, 52, 71] . Eight studies examined patients with 

  Fig. 1.  A flow diagram of the selection pro-
cess for analysis of the association between 
ApoE polymorphism and the risk for IS, 
ICH, and SAH in the Chinese population. 
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ACI  [19, 20, 22, 23, 26, 30, 54, 60] , and 2 studies exam-
ined LI patients  [46, 49] . Of the 15 studies that subtyped 
the stroke, only one  [52]  used the Classification of Cere-
brovascular Diseases III from the National Institute of 
Neurological Disorders and Stroke (NINDS)  [73] ; all 
other studies used the risk-factor based Trial of Org 
10,172 in Acute Stroke Treatment (TOAST) classifica-
tion  [74] . The mean NOS score was 7.85; this result indi-
cated that the quality of the included studies was rela-
tively good according to this scale.

  Quantitative Synthesis 
 The forest plots are shown in  figure 2 a–d, and the main 

results are presented in  table 2 .

  Main Results of the Allele Comparisons 
 Compared with the ε3 allele, the ε2 allele was not 

associated with IS risk (OR 1.01, 95% CI 0.87–1.17, p = 
0.938), although moderate heterogeneity was detected 
between studies (I 2   = 57.5%, P Q   = 0.000). Similarly, 
no  significant associations were detected in our sub-
group analyses based on the HWE status (yes or no), 
SOC (population-based or non-population-based) or 
IS subtype (ACI or LI). However, we found a signifi-
cant association of the ε4 allele with IS risk compared 
with the ε3 allele (OR 2.19, 95% CI 1.90–2.52, p  < 
0.001), although moderate heterogeneity was observed 
between studies (I 2  = 58.5%, P Q  = 0.000). For the sub-
group analyses based on SOC (population-based or 
non-population-based), HWE status (yes or no) and IS 
subtype (ACI or LI), significant associations were de-
tected between the presence of the ε4 allele and the risk 
of IS.

  Main Results of the Genotype Comparisons 
 The pooled OR for ε2 carriers vs. ε3ε3 genotype carri-

ers was 0.98 (95% CI 0.88–1.09, p = 0.73), and no hetero-
geneity was detected between studies (I 2   = 0.0%, P Q   = 
0.49). In addition, no significant associations were detect-
ed in the subgroup analyses based on the HWE status (yes 
or no), SOC (population-based or non-population-
based) or IS subtype (ACI or LI).

  In addition, a significant difference in IS risk was de-
tected between ε4 carriers and ε3ε3 genotype carriers (OR 
2.41, 95% CI 2.00–2.89, p < 0.001) based on a REM (I 2  = 
63.2%, P Q  = 0.000). For the subgroup analyses based on 
SOC (population-based or non-population-based), HWE 
status (yes or no) or IS subtype (ACI or LI), significant 
associations were found between the presence of the ε4 
allele and the risk of IS.

  Sensitivity Analysis 
 Sensitivity analysis was performed after limiting the 

included studies to those assigned an NOS score >7. The 
corresponding pooled ORs of all genetic models were not 
substantially altered. Furthermore, after limiting the pool 
to studies containing population-based controls, studies 
with results meeting HWE and studies using PCR-based 
genotyping methods, the corresponding pooled ORs 
were not substantially altered. These data suggested that 
our results were sensitive and reliable.

  Publication Bias 
 Begg’s funnel plots and Egger’s regression tests were 

performed to assess the potential publication bias. The 
funnel plot of the genetic comparisons (ε2 vs. ε3, ε2 car-
rier vs. ε3ε3 carrier) did not show any evident asymme-
try ( fig. 3 b, d). Egger’s regression test confirmed that no 
publication bias existed in these analyses (p = 0.14, ε2 vs. 
ε3; p = 0.441, ε2 carrier vs. ε3ε3 carrier). However, pub-
lication bias was detected in other genetic comparisons 
(ε4 vs. ε3, ε4 carrier vs. ε3ε3 carrier), as revealed by 
Begg’s funnel plots ( fig.  3 a, c) and Egger’s regression 
tests (ε4 vs. ε3, p = 0.000; ε4 carrier vs. ε3ε3 carrier, p = 
0.000).

  ApoE and ICH in the Chinese Population 
 A total of 18 studies  [24, 28, 33, 35, 36, 43, 53, 58, 

59, 75–83]  containing 2,018 cases and 2,143 controls 
from China were included in the final meta-analysis of 
the association between ApoE polymorphisms and 
ICH risk. The selection process is shown in  figure 1 , 
and the included studies and their main characteristics 
are presented in  table 3 . The participants in these stud-
ies were recruited from 15 provinces of China, includ-
ing Anhui, Chongqing, Fujian, Guangdong, Hebei, Hu-
nan, Inner Mongolia, Jiangsu, Liaoning, Shanxi, Shang-
hai, Taiwan, Tianjin, Yunnan and Zhejiang. ApoE gene 
polymorphisms were detected using PCR and restric-
tion fragment length polymorphism methods in all in-
cluded studies. Of the 18 included studies, 16 studies 
 [28, 33, 35, 36, 43, 53, 58, 59, 75–81, 83]  contained pop-
ulation-based controls, and 2 studies contained results 
that did not follow HWE  [77, 83] . The mean NOS score 
was 7.89; this result indicated that the quality of the 
included studies was relatively good according to this 
scale.

  Quantitative Synthesis 
 The forest plots are shown in  figure 4 a–d, and the main 

results are presented in  table 4 .
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  Fig. 2.   a–d  Forest plots of the relationships between ApoE gene polymorphisms and IS risk in the genetic com-
parisons of the ε4 allele vs. the ε3 allele ( a ); the ε2 allele vs. the ε3 allele ( b ); ε4 carriers vs. ε3ε3 carriers ( c ); and 
ε2 carriers vs. ε3ε3 carriers ( d ). (For figure 2b–d see next pages.)
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  Main Results of the Allele Comparisons 
 We found a significant association between the ε4 allele 

and ICH risk compared with the ε3 allele (OR 2.08, 95% 
CI 1.57–2.75, p < 0.001), although moderate heterogeneity 
between studies was observed (I 2  = 61.9%, P Q  = 0.000). For 
the subgroup analysis based on SOC (population-based or 

non-population-based), significant associations were 
found between the presence of the ε4 allele and the ICH 
risk. For the subgroup analysis based on HWE status, an 
increased risk of ICH was noted for the ε4 allele compared 
to the ε3 allele (OR 2.18, 95% CI 1.64–2.89, p < 0.001), al-
though moderate heterogeneity was observed between 
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studies (I 2  = 53.3%, P Q  = 0.006). In contrast, no significant 
effects were found in the non-HWE subgroup (OR 1.63, 
95% CI 0.56–4.74, p = 0.367), although heterogeneity be-
tween studies was evident (I 2  = 82.3%, P Q  = 0.018).

  Furthermore, compared with the ε3 allele, the ε2 al-
lele was not associated with ICH risk (OR 1.13, 95% CI 

0.96–1.33, p = 0.133), although mild heterogeneity was 
observed between studies (I 2   = 35.7%, P Q   = 0.067). 
Similarly, no significant associations were detected in 
our subgroup analyses based on the HWE status (yes 
or no) or SOC (population-based or non-population-
based).
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  Main Results of the Genotype Comparisons 
 A significant difference in ICH risk was detected be-

tween ε4 carriers and ε3ε3 genotype carriers (OR 2.41, 
95% CI 1.68–3.47, p < 0.001) was noted based on a REM 
(I 2  = 70.9%, P Q  <0.000). For the subgroup analyses based 
on SOC (population-based or non-population-based), 

significant associations were found between ε4 carrier 
status and the risk of ICH. However, in the subgroup 
analysis based on HWE status, this increased risk of ICH 
remained significant for the ε4 carriers compared with 
the ε3ε3 genotype carriers in the HWE subgroup (OR 
2.50, 95% CI 1.69–3.71, p < 0.001), although moderate 
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heterogeneity between studies was observed (I 2  = 69.8%, 
P Q  = 0.000). In contrast, no significant effect was found 
for the non-HWE subgroup (OR 1.92, 95% CI 0.60–6.10, 
p = 0.271), although moderate heterogeneity was detected 
between studies (I 2  = 72.2%, P Q  = 0.058).

  The pooled OR for ε2 carriers compared to ε3ε3 geno-
type carriers was 1.01 (95% CI 0.84–1.22, p = 0.887), al-
though mild heterogeneity was observed between studies 
(I 2  = 25.7%, P Q  = 0.153). Similarly, no clear evidence for 
this association was found in our subgroup analyses based 
on the HWE status (yes or no) or SOC (population-based 
or non-population-based).

  Sensitivity Analysis 
 Sensitivity analysis was performed after limiting the 

included studies to those assigned an NOS score >7. The 
corresponding pooled ORs of all genetic comparisons 
were not substantially altered. Furthermore, after limit-
ing the studies to those containing population-based con-
trols, those containing results meeting HWE, or those us-
ing PCR-based genotype methods, the corresponding 
pooled ORs were not substantially altered. These data 
suggested that our results were sensitive and reliable.

  Publication Bias 
 Begg’s funnel plots and Egger’s regression tests were 

performed to assess the potential publication bias. No ap-
parent asymmetry was observed in the funnel plots of any 
genetic comparisons ( fig.  5 a–d). Egger’s regression test 
confirmed that no publication bias existed (ε4 allele vs. ε3 
allele, p = 0.24; ε2 allele vs. ε3 allele, p = 0.18; ε4 carrier vs. 
ε3ε3 carrier, p = 0.17; ε2 carrier vs. ε3ε3 carrier, p = 0.22).

  ApoE and SAH in the Chinese Population 
 Two studies  [84, 85]  containing 195 cases and 207 con-

trols from China were included in the final meta-analysis 
of the associations of ApoE polymorphisms with SAH 
risk. The selection process is outlined in  figure 1 , and the 
included studies and their main characteristics are pre-
sented in  table 3 . Pooled analyses showed a significantly 
increased risk for SAH among ε4 carriers compared with 
ε3ε3 genotype carriers (OR 2.04, 95% CI 1.21–3.45, p = 
0.008), but no association was detected among ε2 carriers 
compared with ε3ε3 genotype carriers (OR 0.72, 95% CI 
0.40–1.31, p = 0.282). Similarly, we found a significant as-
sociation of the ε4 allele with SAH risk compared with the 
ε3 allele (OR 2.03, 95% CI 1.28–3.23, p = 0.003), but we 
failed to detect any association of the ε2 allele with SAH 
risk compared with the ε3 allele (OR 0.80, 95% CI 0.48–
1.32, p = 0.377).T
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  Discussion 

 Stroke is a multi-factorial and polygenic disorder dis-
ease that is thought to result from complex genetic factors 
and gene-environment interactions. ApoE polymor-
phisms have been reported to be associated with various 
diseases, including type II diabetes, coronary artery dis-
ease  [86, 87] , hypertension  [15] , Alzheimer’s disease  [88, 
89] , and dementia in Parkinson disease  [90] . Recently, the 
associations between ApoE gene polymorphisms and the 
risk of different subtypes of stroke have been studied ex-
tensively  [91–93] , but the results remain inconclusive, 
particularly in different ethnic groups and geographical 
locations. Therefore, this study summarized the pub-

lished evidence on the association between ApoE gene 
polymorphisms and stroke risk in the Chinese popula-
tion.

  To determine the relationship between ApoE gene 
polymorphisms and IS risk, the 54 studies included our 
meta-analysis, which contained a total of 6,190 IS cases 
and 6,248 controls. It provided the most comprehensive 
assessment of the association between ApoE gene poly-
morphisms and IS risk in the Chinese population to date. 
Indeed, we found a significant association of the ε4 allele 
with IS risk compared with the ε3 allele, and ε4 carriers 
showed a significantly higher risk of developing IS than 
ε3ε3 genotype carriers. In contrast, the evidence did not 
support an association of the ε2 allele or ε2 carriers with 

  Fig. 3.   a–d  Begg’s funnel plots of the relationships between ApoE gene polymorphisms and IS risk in the genetic 
comparisons of the ε4 allele vs. the ε3 allele ( a ); the ε2 allele vs. the ε3 allele ( b ); ε4 carriers vs. ε3ε3 carriers ( c ); 
and ε2 carriers vs. ε3ε3 carriers ( d ). 
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  Fig. 4.   a–d  Forest plot of the relationships between ApoE gene polymorphisms and ICH risk in the genetic com-
parisons of the ε4 allele vs. the ε3 allele ( a ); the ε2 allele vs. the ε3 allele ( b ). 
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  Fig. 4.   a–d  Forest plot of the relationships between ApoE gene polymorphisms and ICH risk in the genetic com-
parisons of ε4 carriers vs. ε3ε3 carriers ( c ); and ε2 carriers vs. ε3ε3 carriers ( d ). 
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IS risk. Our results were consistent with those of previous 
studies  [9, 94] . Furthermore, the associations identified in 
our study were verified by subgroup analyses according 
to IS subtype (ACI or LI), HWE status (yes or no) and 
SOC (population-based or non-population-based).

  For the relationship between ApoE gene polymor-
phisms and ICH risk, our meta-analysis of 18 studies, 
which included a total of 2,018 cases and 2,143 controls, 
provided the first assessment of the association between 
ApoE gene polymorphisms and ICH risk in the Chinese 
population. We found a significant association of the ε4 
allele with ICH risk compared with the ε3 allele, and ε4 
carriers showed a significantly higher risk of developing 
ICH than ε3ε3 genotype carriers. Conversely, the evi-
dence did not support an association of ε2 allele or ε2 car-
riers with ICH risk. In general, the results of our study are 
in agreement with those reported by Zhang et al.  [16]  but 
contrast with those reported by Sudlow et al.  [9] . Most 
study participants included in these 2 meta-analyses were 
Caucasian, whereas little data were available for Chinese 
participants. Ethnicity and variation in study design, 
sample size, and inclusion criteria may have contributed 
to the differences in results between studies. Thus, we 
performed subgroup analyses according to SOC (popula-
tion-based or non-population-based) and the HWE sta-
tus (HWE or non-HWE). However, no significant differ-
ence in ICH risk between ε4 carriers and ε3ε3 genotype 
carriers or between the ε4 allele and the ε3 allele was 
found in the non-HWE subgroup. In general, the genetic 
association results produced from the case–control stud-
ies suggested potential selection bias of controls or geno-
typing errors under circumstances in which the genotype 
distribution of the controls deviated from HWE. Because 
the majority of subjects followed HWE, the results for the 
non-HWE group might be unreliable and should be in-
terpreted with caution.

  For the study of the relationship between ApoE gene 
polymorphisms and SAH risk, pooled analyses showed a 
significantly increased risk for SAH among ε4 carriers, 
but not ε2 carriers, compared with ε3ε3 genotype carriers. 
However, this result was based on small numbers of cases 
and controls and seemed far more likely to represent the 
combined effect of publication and reporting bias rather 
than an actual underlying association.

  To aid the interpretation of these results, some limi-
tations of this meta-analysis should be acknowledged. 
First, between-study heterogeneity in our analysis 
should be noted, as this factor may have affected the re-
sults of the present meta-analysis. Second, subgroup 
analyses were not performed according to factors such T
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as gender, age, smoking and alcohol consumption habits 
because insufficient data were extracted from the pri-
mary articles. Third, publication bias and other forms of 
bias may have existed in our results due to limitations in 
the inclusion criteria. Finally, the sample size of our me-
ta-analysis was relatively limited considering the mas-
sive population and the multiple unique ethnic groups 
in China.

  Conclusion 

 In conclusion, the ApoE ε4 allele may predict an in-
creased risk for different subtypes of stroke, including IS, 
ICH and SAH, as ε4 carriers showed a significantly ele-

vated risk of developing different subtypes of stroke. 
However, neither the ε2 allele nor ε2 carriers were associ-
ated with the risk for stroke. The results of this genotypic 
analysis may help to identify populations at an increased 
risk for stroke. Further large-scale studies incorporating 
various covariates should be performed to further eluci-
date the association between ApoE gene polymorphisms 
and the risk for cerebrovascular diseases in the Chinese 
populations.

  Disclosure Statement 

 None. 

  Fig. 5.   a–d  Begg’s funnel plots of the relationships between ApoE gene polymorphisms and ICH risk in the ge-
netic comparisons of the ε4 allele vs. the ε3 allele ( a ); the ε2 allele vs. the ε3 allele ( b ); ε4 carriers vs. ε3ε3 carriers 
( c ); and ε2 carriers vs. ε3ε3 carriers ( d ). 
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