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Abstract

Ischemic stroke (IS) is the leading cause of disability. Researchers have demonstrated that IS is more a multifactorial
disorder than a single-factor disease. At present, no consistent conclusions have been reached on susceptibility loci for IS
on chromosome 9p21. We conducted this meta-analysis to verify whether genetic loci on chromosome 9p2| reported
domestically and abroad could be responsible for IS in Chinese populations. We analyzed data from eight studies that
covered a total of 9756 individuals with Chinese ancestry comprising 4254 cases and 5502 controls. Each of the four
reported susceptibility loci (rs2383206, rs2383207, rs10757274, and rs10757278) was analyzed separately. The odds
ratios (ORs) of rs2383206 and rs10757274 were 1.09 (95% confidence interval (Cl): 1.02—1.06, P=0.01) and 1.09 (95%
CI: 1.01-1.17, P=0.03), respectively. For rs2383207, OR value was 0.91 (95% CI: 0.84-0.98, P=0.01). No statistical
association was identified for rs10757278. We have verified previous associations for IS in Chinese populations on
chromosome 9p21. Loci rs2383206 and rs10757274 may increase susceptibility to IS. Mutation at locus rs2383207 may
be beneficial. However, we are unable to identify any association between rs10757278 and IS.
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plays a role in the pathogenesis of cerebral infarc-
tion in a Japanese population in 2007. Soon after-
wards, several loci on chromosome 9p21, the
HDAC9 gene on chromosome 7p21, and rs556621
on chromosome 6p21 were found to correlate with
large artery atherosclerotic stroke (LAS).

In the last 10years, there were controversies
about the actual relationship between chromosome
9p21 and LAS, whether in Caucasians or Chinese.
Wahlstrand et al.? first found that the allele G on
rs2383207 and rs10757278 could increase risk of
stroke in 2009. These two loci have been studied
intensively, but no conclusion has been reached. In
addition, the study of loci such as rs10757274,
rs1537378, and rs1333040 has become very popular
in Caucasian populations. In China, rs1333049,
rs10757274,1s10757278,1s2383207, and rs2383206
have attracted a fair amount of attention.

Traylor et al.,* Lancet Neurology 2012, per-
formed a large-scale study that analyzed data from
a 14-year IS cohort and conducted a replication
with 13,347 cases and 29,083 controls. It verified
associations between the PITX2 gene, the ZFHX3
gene, and cardio embolic stroke (CES) and between
chromosome 9p21, the HDACY gene, and LAS,
but not between the PRKCH gene and stroke.* The
frequencies of locus rs2230500 on the PRKCH
gene are different between East Asian and European
populations. The frequency of the allele G on
rs2230500 is nearly 100% in European but 73% in
East Asian people (data from 1000 Genomes
Project Phase 3). Therefore, it might be that studies
including people of different races came to differ-
ent conclusions on the PRKCH gene at home and
abroad.

NINDS Stroke Genetics Network (SiGN) and
International Stroke Genetics Consortium (ISGC),?
Lancet Neurology 2016, identified risks of variants
of the PITX2, ZFHX3, and HDACY genes via a
two-stage GWAS with 37,893 cases and 397,209
controls. For chromosome 6p21 and 9p21, evi-
dence was weak. In their analysis, only one study
included East Asian participants.

Frequencies of A-allele and G-allele are differ-
ent in different races. Therefore, similar to the
PRKCH gene, the role of chromosome 9p21 in IS
may be different in Chinese and Caucasian people.
Considering inconsistent results and differences in
population frequencies of different races, we per-
formed this meta-analysis to obtain a more precise

estimation on relevant IS risk loci in Chinese
populations.

Materials and methods
Literature search strategy

Relevant studies published before the end of April
2017 focused on IS were identified through a
search of MEDLINE (via PubMed), EMBASE (via
Ovid), Cochrane, Chinese National Knowledge
Infrastructure (CNKI), and WANFANG MED
ONLINE. Searches were performed independently
by two of the authors (Man Li and Jing Liu) with-
out language restrictions. Search keywords were
exemplary terms of IS (e.g. “cerebral infarction,”
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“cerebral ischemia,” “ischemic stroke,” “ischemic
infarction,” “ischaemic stroke,” “ischaemic infarc-
tion,” “cerebral ischaemia,” and the Mesh word
“cerebral infarction”) in combination with words
relating to locus (e.g. “chromosome 9,” “9p21,”
“rs10757278,”  “rs10757274,”  “rs2383207,”
“rs2383206,” and “CDKN2B-AS1”). The terms IS
and loci were connected via the Boole logical oper-
ator “or” separately. Then, an “and” was used to
link the two keywords to get the most comprehen-
sive search results. Each locus was searched sepa-
rately. Titles and abstracts of search results were
screened to determine their relevance. Studies that
overlapped with other published studies were com-
pared to pick the most comprehensive ones. Full
texts of potential articles were read to determine
the usefulness of the information they contained.

Selection criteria

Concerning the distributional difference, loci
whose minimum allele frequencies were higher
than 5% in the Chinese Han population were taken
into consideration. We searched each controversial
locus on 9p21 reported in papers for each allele
frequency. Four loci (rs2383206, 152383207,
rs10757274, and rs10757278) were ultimately
included. Meta-analyses on associations between
1s2383206, rs2383207, rs10757274, and IS have
not been performed. Two meta-analyses have been
performed on associations between rs10757278
and IS. rs1537378 was another locus that was stud-
ied in Caucasian populations; however, only two
studies have concentrated on it. We did not obtain
the complete data from one of the studies because
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the authors only displayed the comparison between
patients without carotid plaques and controls.
Case-control and nested case-control designs
were eligible to be used in all participating studies.
The Newcastle-Ottawa Scale (NOS) was used to
grade those potential articles. NOS was designed
to assess the quality of non-randomized studies and
was recommended for meta-analyses (http:/www.
ohri.ca/programs/clinical_epidemiology/oxford.
asp). The selection, comparability of the study
groups, and ascertainment of the outcome of inter-
est are the three factors that were used for judging.
An NOS score of 5 or higher for each study was
feasible. In addition, independent data must be
contained in original papers, so we excluded the
studies without full text for which we failed to cor-
respond with the authors. In addition, case-only
studies, reviews, and meta-analyses were excluded.

Data extraction

According to the criteria listed above, we (Man Li
and Jing Liu) extracted information from the eligi-
ble publications independently. Lei Zhao resolved
discrepancies in data extraction and obtained a
consensus. Self-reported identifications on race
and cases were collected from each paper. IS cases
were confirmed through imaging data and clinical
manifestations that met the World Health
Organization (WHO)/International Classification
of Diseases (9th revision; ICD-9) criteria. Data
were grouped according to different races self-
reported in each paper.

Statistical methods

OR and corresponding 95% confidence interval
(95% CI) were used to assess the strength of the
associations between single-nucleotide polymor-
phisms (SNPs) and IS risk. A chi-square test was
used to examine the deviation from Hardy—
Weinberg equilibrium (HWE). I? (percentage of
effect size attributable to heterogeneity) was used
to estimate heterogeneity through the Cochran Q
test. A fixed-effects model was adopted when 12
was lower than 50%. Otherwise, a random-effects
model was used. Publication bias was presented by
P value of the Harbord test (threshold for signifi-
cance was 0.05). P<<0.05 was indicative of an
absence of publication bias. Sensitivity analyses
were performed if controls of studies were unable

to meet HWE or 1> was higher than 50%. Since
there were no multiple comparisons of rate in the
comparisons of genetic models (additive, homozy-
gous, heterozygous, dominant, and recessive mod-
els), the P value threshold for significance was
0.05.

Results
Selections of studies

Although some loci are in high linkage disequilib-
rium with each other, they are not in complete link-
age disequilibrium, and conclusions of correlative
studies are thus incompatible. Therefore, we
searched the database for each locus separately.
The workflow used in this meta-analysis is shown
in Figure 1. For rs2383206, five studies were ulti-
mately included, with 3499 cases and 4026 con-
trols.® 1% For rs2383207, there were three studies,
with 2584 cases and 3695 controls.®1%1! Four stud-
ies with 2512 cases and 2981 controls’-!% met the
criteria for inclusion for rs10757274, and four
studies with 3074 cases and 3517 controls were
included for rs10757278.6:810.12 Table 2 scored all
included studies according to NOS.

Table 1 displays detailed characteristics of stud-
ies. The diagnostic bases of cases, allele designa-
tions and frequencies, matching criteria for
controls, genotyping methods, and numbers of
cases and controls were extracted, and the HWE
values of the controls were calculated.

Association between loci polymorphisms and IS
susceptibility

For rs2383206, allele G was the minor allele (the
variant allele); the additive model was G versus A.
A fixed-effect model (12=11%, P=0.34) was used
in comparison of alleles (Figure 2(a)). rs2383206
polymorphism was significantly associated with
IS risk, and allele G increased risk (OR: 1.09, 95%
CI: 1.02-1.06, P=0.01, Figure 2(a)). No signifi-
cant heterogeneity was identified, so fixed-effects
models were applied in other genetic models. The
homozygous (OR: 1.18, 95% CI: 1.03-1.34,
P=0.01, Table 2) and recessive models (OR: 1.14,
95% CI: 1.02-1.27, P=0.02, Table 2) appeared to
be statistically significant. No significant associa-
tion was found in the heterozygous (P=0.28,
Table 2) and dominant models (P=0.07, Table 2).
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Figure I. A search of MEDLINE (via PubMed), EMBASE (via Ovid), and Cochrane was performed for English articles, while
Chinese National Knowledge Infrastructure (CNKI) and WANFANG MED ONLINE were searched for Chinese articles. After
study collection, we first removed duplicates. Then, we expurgated other types of articles or studies concerning on other diseases
by screening abstracts. Full-text articles were browsed to eliminate repeated, ineligible, or insufficient data (we had to exclude
insufficient data because of failure of making contact with the authors). Finally, articles that had a Newcastle—Ottawa score lower
than 5 were removed. We finally included five studies for rs2383206, three for rs2383207, four for rs10757274, and four for
rs10757278: (a) selection process of rs2383206, (b) selection process of rs2383207, (c) selection process of rs10757274, and (d)

selection process of rs10757278.

Allele A was the variant allele of rs2383207; the
additive model was A versus G. Allele A could pro-
tect subjects from IS in a fixed-effect model in
allele comparison (I12=0%, P=0.38), with per-allele
OR 0.91 (95% CI: 0.84-0.98, P=0.01, Figure 2(b)).
Fixed-effects models were used in other genetic
models due to the absence of significant heteroge-
neity. Statistically significant differences were not
found in the recessive model (P=0.14, Table 2) but
were found in the homozygous model (OR: 0.83,

95% CI: 0.71-0.99, P=0.03, Table 2), heterozy-
gous (OR: 0.89, 95% CI: 0.79—-0.99, P=0.03, Table
2), and dominant models (OR: 0.87, 95% CI: 0.79—
0.97, P=0.01, Table 2).

A combination of four studies indicated an ele-
vated risk of IS with allele G of rs10757274 (OR:
1.09,95% CI: 1.01-1.17, P=0.03, Figure 2(c)) ina
fixed-effect model (12=0%, P=0.52). The additive
model was G versus A. Similarly, fixed-effects
models were applied in all genetic models. The
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Figure 2. displayed the additive models (comparisons of alleles). Since Ding et al.¢ was a two-stage study, we divided it into

two studies in comparisons of rs2383206 and rs10757278. No significant heterogeneity was identified in allele comparisons of
rs2383206, rs2383207, and rs10757274 (12 < 50%), so fixed-effects models were applied. For rs10757278, a random-effects model
was used (12> 50%). Polymorphisms of rs2383206 and rs10757274 were significantly associated with IS risk, and allele G increased
the risks (allele G was mutant type). In addition, a mutant from allele G to A of rs2383207 could protect subjects from IS. No
statistical association was identified in allele comparison of rs10757278: (a) allele comparison of rs2383206 (G versus A), (b) allele
comparison of rs2383207 (A versus G), (c) allele comparison of rs10757274 (G versus A), and (d) allele comparison of rs10757278

(G versus A).

homozygous (OR: 1.18, 95% CI: 1.01-1.37,
P=0.03, Table 2) and recessive models (OR: 1.15,
95% CI: 1.01-1.31, P=0.04, Table 2) were statisti-
cally significant; no difference was found when
comparing the heterozygous (P=0.43, Table 2)
and dominant models (P=0.15, Table 2).

For rs10757278, the additive model was G
versus A. No statistical association (P=0.27,
Figure 2(d)) was identified in the allele com-
parison (random-effects model, [2=70%,
P=0.009, Figure 2(d)) or any genetic model
(Table 2).
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Publication bias

A Harbord test was used to evaluate publication
bias. No publication bias was found in studies of
1s2383206 (P=0.516), rs10757274 (P=0.998), or
rs10757278 (P=0.687). For 12383207, there
might be publication bias (P=0.046).

Sensitivity analysis

A fixed-effects model was used when I? was below
50%; otherwise, a random-effects model was
applied. All models of rs2383206, rs2383207, and
rs10757274 had low heterogeneities, and fixed-
effects models were used. For comparisons of
rs10757278, excluding comparison of the heterozy-
gous model, 1> was high. Therefore, we removed
each study one at a time to examine the influence of
each individual study. 1> was higher than 50%
throughout the analysis in the allele comparison.

Discussion

Chromosome 9p21 was initially found to be asso-
ciated with CAD. The etiology and pathogenesis of
coronary artery disease (CAD) and stroke share
some similarities, and 9p21 is a shared susceptibil-
ity locus.!3 The relationship between chromosome
9p21 and stroke has been studied intensively.
However, no consistent conclusion has been
reached. In our meta-analysis, significant associa-
tions between polymorphisms of 1s2383206,
rs2383207, and rs10757274 and IS in the Chinese
population were demonstrated.

In comparisons of each genetic model of
152383206, both the homozygous and recessive
models were statistically significant, while the other
two models were not. rs2383206 was tested only in
the Chinese population. We have confirmed that
mutation from the A-allele to the G-allele might
increase susceptibility to stroke, and the GG geno-
type is associated with a high risk of stroke. I?
remained lower than 30% in sensitivity analyses of
the allele comparison, so the above conclusion was
stable.

Statistical significance existed in all compari-
sons of 152383207 except for the recessive model.
With the significant outcome in allele comparison,
we can come to the conclusion that carrying the
mutated allele A on rs2383207 protects against IS.

For comparisons of rs10757274, statistical out-
comes were the same as those for comparisons of

rs2383206, which means that GG of rs10757274
may be the only pathogenic genotype.

rs10757278 has been extensively studied in both
Caucasian and Chinese populations. Many studies
have included large numbers of participants, but
there was no consistent conclusion. In sensitivity
analysis of rs10757278, 12 remained high through-
out the allele comparison analysis, which indicates
that rs10757278 allele polymorphism is not related
to IS; this appears to be relatively stable.

IS comprises five subtypes and each has differ-
ent causes, so some studies have divided cases into
different subgroups according to the TOAST
Classification. However, several studies®® include
no subgroups. Hence, there were no subgroup anal-
ysis in this meta-analysis, which represents a limi-
tation of our conclusion in that the mechanisms of
subtype susceptibility to IS cannot be investigated.

In summary, this meta-analysis arrives at the
conclusion that 9p21 is a susceptibility region for
IS in the Chinese population. This result is quite
different from those of previous meta-analyses.
Allowing for the limitation that subgroup analyses
could not be conducted in our analysis, strict selec-
tion and classification of patients and well-matched
controls should be included in future studies.
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