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Abstract
Background and Purpose — Ischemic stroke (1S) shares many common risk factors with
coronary artery disease (CAD). We hypothesized that genetic variants associated with
myocardial infarction (M) or CAD may be similarly involved in the etiology of IS. To test this
hypothesis, we evaluated whether single nucleotide polymorphisms (SNPs) at 11 different loci
recently associated with M1 or CAD through genome-wide association studies were associ ated
with IS.
Methods — Meta-analyses of the associations between the 11 MI-associated SNPs and IS were
performed using 6,865 cases and 11,395 controls recruited from 9 studies. SNPs were either
genotyped directly or imputed; in afew cases a surrogate SNP in high linkage disequilibrium
was chosen. Logistic regression was performed within each study to obtain study-specific betas
and standard errors. Meta-analysis was conducted using an inverse variance weighted approach
assuming a random effect modd.
Results — Despite having power to detect odds ratio of 1.09-1.14 for overall 1S and 1.20-1.32 for
major stroke subtypes, none of the SNPs were significantly associated with overall IS and/or
stroke subtypes after adjusting for multiple comparisons.
Conclusions — Our results suggest that the major common loci associated with M1 risk do not
have effects of similar magnitude on overall 1S, but do not preclude moderate associations
restricted to specific IS subtypes. Disparate mechanisms may be critical in the devel opment of

acute ischemic coronary and cerebrovascular events.



Introduction

|schemic strokes (IS) comprise 87% of all strokes'. Nearly 800,000 individualsin the US
experience a stroke each year, making stroke one of the leading causes of serious, long-term
disability in developed countries 2. The tendency of stroke to aggregate within familiesimplies
a genetic etiology, although few genetic variants have as yet been unequivocally linked to the
common forms of |S.

Some of the difficulty in identifying stroke susceptibility genes may arise from
heterogeneity within the stroke phenotype, making it imperative to carry out genetic studies
within specific subtypes of IS. IS syndromes can, in fact, be recognized by experienced
clinicians with a high degree of inter-rater agreement °. The major categories, which are based
upon the presumed stroke mechanism, include atherosclerotic (i.e. large artery) stroke,
cardioembolic stroke, and small vessel (lacunar) stroke. Given disparate mechanisms, it islikely
that different risk alleles would contribute to these different stroke subtypes. Previous studies
showing that afamily history of stroke is more common in younger compared to older age of
onset strokes *® raise the additional possibility that the genetic contribution to stroke may differ
by age of onset.

IS shares many risk factors with myocardial infarction (M) and coronary artery disease
(CAD), including smoking and high blood pressure. The possibility that common susceptibility
genes might predispose to both IS and MI/CAD prompted us to examine whether genetic
variants previously associated with MI/CAD might also be associated with IS. To address this
hypothesis, we evaluated whether DNA sequence variants at 11 different loci recently associated
with M1 or CAD through genome-wide association (GWA) studies were also associated with IS.

Our analysisincluded 6,865 IS cases from 9 different studies, allowing usto test whether the



genetic variants were associated not only with overall IS, but also with the major IS subtypes and

with age of stroke onset.

Materialsand Methods

Study Populations

This analysis includes 6,865 IS cases and 11,395 controls from 9 different studies:
Australian Stroke Genetics Collaborative (ASGC), Bio-Repository of DNA in Stroke (BRAINS),
Besta Cerebrovascular Diseases Registry (CEDIR), Genes Affecting Stroke Risk and Outcomes
Study (GASROS), Genetics of Early Onset Stroke (GEOS), Graz Stroke Study (GRAZ),
Ischemic Stroke Genetics Study and Siblings with Ischemic Stroke Study (ISGS/SWISS), Risk
Assessment of Cerebrovascular Events (RACE) and the Vitamin Intervention for Stroke
Prevention (VISP) study. All stroke cases, except those from VISP study, were adjudicated for
ischemic stroke subtype using the original TOAST system®, which assigns each case to one of
the following categories. cardioembolic, large artery, small vessel, other known causes and
undetermined causes. Controls free of stroke were selected based on study-specific criteria. For
this report, cases and controls with a known history of M| were excluded from the analyses.
Details of the study designs for each participating study are included in the Supplemental
Method (http://stroke.ahgournals.org).

All participating studies were conducted with the consent of study subjects and were

approved by the Institutional Review Board in each ingtitution.

SNP selection



SNPs shown previously to be associated with M1 or CAD in Caucasians were identified
through areview of genome-wide association studies published before May 2010. MI/CAD-
associated SNPs reported in these previously published GWA studies were selected for incluson
in this study only if their associations with MI/CAD reached genome-wide significance (P<5x10°
8 and were replicated in at |east one large independent Cauicasian cohort. Based on these criteria,
weidentified 11 loci from nine chromosomes that were consistently associated with MI/CAD

(see Table 1),

Genotyping and I mputation

The 11 Ml-associated SNPs selected for inclusion in this study were genotyped by
existing commercial genome-wide SNP platforms, KASPar SNP array (KBioscience, Herts, UK)
and/or by Tagman assays (Applied Biosystems, Foster City, USA). For SNPs that were not
directly genotyped, genotypes were obtained either viaimputation or the targeted SNP was
replaced by a surrogate SNP that was in high linkage disequilibrium (LD r? > 0.8) with the target
SNP. A detailed description on the genotyping and imputation methods for each participating site

isprovided in Supplemental Table S1.

Statistical Analysis

Site-gpecific logistic regression analysis was performed to test for associations of each
individual SNP with IS under an additive model, and then site-specific beta coefficients () and
standard errors (S.E.) were pooled in meta-analyses. A genotype risk score was also computed
for each individual by summing the number of MI/CAD-risk alleles across each of the 11 loci

(score1). Each SNP was given equal weights rather than weights based on their effect sizes ()



for MI/CAD in the risk score calculation given that we do not know the effects of these SNPs on
stroke and the assumption that they would have similar effects on stroke as they do on M| seems
unjustified. Additionally, we computed a genotype risk score that summed the number of
MI/CAD-risk alleles across 10 loci, excluding SNP rs4977574 on chromosome 9, because SNPs
near this locus have previously been reported to be associated with large artery stroke (score 2)*.
Each genotype risk score was used as a continuous independent variable in the logistic regression
model to obtain the joint additive effects of all MI/CAD-associated SNPs on therisk of IS. The
of the genotype risk score represents the increase in log odds of stroke associated with having
one additional MI/CAD-risk allele. The GRAZ study was not included in the score analyses
because three of the 11 SNPs were not genotyped directly and could not be imputed with
acceptable quality scores (rs6725887, rs9818870 and rs9982601). Overall, about 35% of the
individualsin whom one or more SNPs were not genotyped or imputed were removed from the
genotype risk score analysis. For ease of result interpretation, all odds ratios were designated
with the previously published non-risk allele as the reference so that the odds ratio reflects the
effect of the Ml-associated risk allele. Association analyses were adjusted for study-specific
covariates (e.g. age, sex and population structure) (see Supplemental Table S2).

Meta-analysis was performed using a variance-wei ghted approach assuming a random
effect model (DerSimonian & Laird method)™®, which takes heterogeneity of the genetic effects
across studies into account. Between-study heterogeneity was estimated using Cochran’s Q
statistic, which isthe summation of the squared weighted difference between the study-specific
effect and the overall effect size (estimated by the fixed effect), as well as |2 statistics, which
represent the percent of total variation across studies due to heterogeneity after accounting for

variability due to chance. All meta-analyses were performed using the metan module



implemented in STATA 10 (StataCorp, College Station, TX). Analyses were carried out for
total 1S, by stroke subtype and by age of stroke onset (< 50 yrs, 50-70 yrs, and > 70 yrs).

With our total sample size (6,865 cases), we had 80% power to detect odds ratios of 1.09
~ 1.14 for overal IS and odds ratios of 1.20-1.32 for mgjor stroke subtypes (~1,000 cases) for
variants with allele frequency 10-50% (Bonferroni-corrected o = 0.0045 =0.05/11 SNPs). In this

report, nominal p-values were provided for all the analyses.

Results

Study population characteristics

This study included 6,865 cases and 11,395 controls recruited from 9 studies across
North America, Europe, Australiaand South Asia. Stroke cases ranged in age between 15 to 101
years. Among cases with subtype information available, the three major stroke subtypes,
cardioembolic, large artery (atherosclerotic) and small vessdl (lacunar), accounted for ~ 20.9% (n
=1,216), 19.6% (n = 1,137) and 18.0% (n = 1,043) of the cases, respectively; the remaining
cases were attributed to either “other known causes’ (5.6%; n = 324) or “undetermined causes”
(35.9%; n = 2,084). The mgjority of the study participants were of European ancestry with the
exception of those enrolled in the RACE study (1890 cases and 4625 controls), which has
enrolled participants of South Asian origin. Detailed characteristics of the participating studies

are provided in Supplemental Table S3.

Associationsof MI/CAD SNPsand overall Srisk
In the total sample, the meta-analysis odds ratios for all 11 SNPs ranged from 0.92 to

1.11 (Table 2). Only two SNPs were nominally associated with IS: rs11206510 at PCSK9 (OR of



0.92; 95% Cl: 0.86-0.99; P=0.03; allele T) and rs3184504 at SH2B3 (OR of 1.11; 95% Cl: 1.01-
1.21; P=0.03; allele T). This association would not have withstood a conservative Bonferroni
correction (o = 0.05/11, or 0.0045). Although there was no significant evidence for
heterogeneity of effect size across studies for rs11206510, the direction of effect was not
consistent across studies with ORs ranging from 0.80 (RACE study) to 1.12 (CEDIR study)
(Cochran’s Q statistic = 8.1, P =0.4) (Figure S1). rs3184504, on the other hand, showed
significance evidence for heterogeneity (Cochran’s Q statistic = 20.9, P =0.01) with one study
(BRAINS) showing opposite effect as compared with other studies. We aso examined the joint
effect of these MI/CAD-associated SNPs by testing for association with the genotype scores and
found no significant effect for either genotype score 1 or score 2 (OR = 1.02, P = 0.2 for both
scores). Removing the RACE study, the only study that had participants of South Asian origin,
did not change results significantly although the association with rs11206510 and rs3184504
became less significant (OR=0.94, P=0.10 and 1.10, P=0.06, respectively) (Supplementary Table
).

We further stratified the associations between M1/CAD-associated SNPs and overall 1S
according to age of stroke onset: early (< 50 yrs), intermediate (50 yrs < age < 70 yrs) and late
onset (age > 70 yrs). None of the associations were statistically significant in the age-stratified

analyses, either (Supplemental Table S5).

Associations with major ischemic stroke subtypes
We next examined the effects of MI/CAD-associated SNPs on TOAST-defined subtypes
(Table 3). Nominally significant associations (0.03 < p < 0.05) were observed for four of the

different TOAST subtypes. The MI/CAD-associated risk allele at rs9818870 in MRAS was



associated with the cardioembolic stroke subtype (OR=1.17, 95% C.I.: 1.02-1.35; P=0.03); the
MI-associated risk allele at rs17465637 in MIA3 was associ ated with the small vessel stroke
subtype (OR=1.12, 95% C.I.: 1.00-1.26; P=0.05); and the M I-associated risk allele at rs3184504
in SH2B3 was associated with strokes due to other known causes (OR=1.33, 95% C.I.: 1.02-
1.72; P=0.04). In addition, rs11206510 was associated with strokes due to other undetermined
causes, although the allele conferring protection against M1 was associated with stroke risk (OR
=0.86, 95% C.I.: 0.76-0.99; P=0.03). The ASGC study had a much higher OR and awide
confidence interval for rs11206510 association, but this study contributed only 11 cases of
undetermined causesin the analysis. Excluding the ASGC study from the meta-analysis resulted
in an OR of 0.86 (95% CI: 0.76-0.97, P=0.01) for the association between rs11206510 and
undetermined causes of stroke. The ANRIL rs4977574 SNP was very modestly (and not
significantly) associated with the large artery stroke subtype (OR=1.09, 95% C.1.: 0.99-1.20;
P=0.09), nor was it associated with any other stroke subtype. None of these results withstand
correction for multiple testing. Forest plots showing the most strongly associated SNP with each

subtype arein Figure S2.

Discussion
It is of interest to consider whether common loci influence susceptibility to MI/CAD and
stroke to the extent that such loci could elucidate common genetic and/or biologic pathways.
Given that the 11SNPs tested in this study were associated with MI/CAD in previous GWA
studies, they likely are among the common SNPs having the largest effect sizes. Therisk alleles
at these loci were associated with increases of 12-20% in M1 risk, with the exception of

rs4977574 in ANRIL, for which therisk allele was associated with a 28% increase in Europeans



813 In contrast, none of the MI/CAD risk aleles at these loci were significantly associated
with risk of overall IS, with the estimated odds ratios ranging from 0.92 to 1.11 (i.e., 8%
reduction to 11% increase in odds of stroke per allele).

It is possible that failure to detect associations of these SNPs with the combined 1S
endpoint might be partially attributable to the heterogeneity of the IS phenotype. The large size
of our sample provided us with the opportunity to evaluate the association of these SNPs to
subtypes of ischemic stroke. Similar to the combined IS endpoint, we did not find any
significant associations of MI/CAD SNPs (or the joint genotyping risk scores) with any of the
stroke subtypes. Given that this study included more than 6,800 total cases and more than 1,000
cases for the major stroke subtypes, we have sufficient power to detect even small effects on
overall stroke although more modest power to detect associations with stroke subtype.
Therefore, our findings suggest that these M I/CAD-associated SNPs do not have effects of
similar magnitude on overall stroke as they do on MI/CAD. If an association does exist, itis
likely to be very modest for overall IS or restricted to a single stroke subtype.

Although the SNP associations with stroke subtypes did not reach statistical significance,
it isinteresting that the strongest associations we observed in the subtype analysis were genes
involved in cell regulation or signaling. For example, the strongest association with
cardioembolic stroke was the MI-risk allele at rs9818870 in MRAS (OR= 1.17, P=0.03). MRAS,
an intracellular signal transducer, is highly expressed in the cardiovascular system, and may be
involved in cell adhesion ”®*°. The strongest association with small vessel stroke was the M1-
risk allele at rs17465637 in MIA3 (OR=1.12, P=0.05), which encodes melanoma inhibitory
activity 3 and is associated with cell adhesion and migration in inflammatory pathways' . It

should also be noted that rs4977574 near ANRIL was very modestly associated with the large



artery subtype (OR=1.09, P=0.09). Although the association did not achieve statistical
significance in our study, other SNPsin the ANRIL region on chromosome 9p21 have previously
been associated with large artery stroke, with the strongest signal found with SNP rs1537378
(OR=1.21, 95% CI: 1.09-1.35, P=0.0005)*. Interestingly, rs1537378 isnot in high LD with our
target SNP rs4977574 (r*=0.5), suggesting these 2 SNPs may represent different association
signals or each of them may be tagging the causal variant imperfectly (assuming the association
isindeed true). ANRIL encodes an antisense noncoding RNA that may disrupt other genesin the
region, including CDKN2A and CDKN2B, two genes that play a key rolein regulating cell
proliferation, senescence, and apoptosis. We also observed the MI-associated risk alele at
rs3184504 in SH2B3 to be nominally significantly associated with strokes due to other known
causes (OR=1.33, 95% C.I.: 1.02-1.72; P=0.04). It has been hypothesized that this SNP could
reduce the anti-inflammatory activity of SH2B3, which is expressed in the vasculature, thereby
leading to the development of plague development and/or progression in coronary arteries™.

In contrast, SNPs whose effects on M| are likely to be mediated though lipid metabolism,
e.g., 1s1122608 at SVARCA4/LDLR (19p13), rs646776 at the CELSR2/PSRC1/SORT1 locus
(1p13) and rs11206510 at PCSK9 (1p32), have minimal effects on IS or any of its subtypes, and
in some cases, even showed opposite effects on stroke. For example, the MI/CAD-associated
risk allele of rs11206510 at PCK9, a gene involved in cholesterol homeostasis, was modestly
associated with decreased risk of overall stroke (OR=0.92, P=0.03) or strokes dueto
undetermined causes (OR=0.86, P=0.03). Our analyses suggest that genes involved in lipid
metabolism do not predispose individuals to increased stroke risk asthey do for M1 although

replications will be needed to confirm these associations.
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Taken together, our results suggest that the major common loci associated with M1/CAD
risk do not have large effects on stroke. However, although our analyses did not reveal any
significant associations between MI/CAD SNPs and stroke, the chromosomal regions harboring
these loci might still contain stroke-related SNPs that are not in high LD with the MI-associated
SNPs, as the example of chromosome 9p region™®. A limitation of our meta-analysisisthat all
included studies are case-control-based and some have included recurrent stroke, thus allowing
for the possibility of selection toward milder strokes (due to survival bias). It is possible that
these genetic MI/CAD variants could be associated with more severe forms of stroke, but
longitudinal studies that follow healthy cohorts for stroke occurrence prospectively would be
needed to address thisissue. Finally, our analyses were based on 11 SNPs unequivocally
associated with M1 and/or CAD identified from the first wave of meta-analyses for these traits.
A second wave of even larger meta-analyses of these traitsisin progress that will likely generate
additional associations. We can expect most of these newly associated SNPs to have even
smaller effect sizeson M1 and CAD. In fact, in September 2011, 17 additional CAD-associated
SNPs were identified by even larger meta-analyses, and the reported effect sizes for these newly
identified SNPs, as expected, were smaller (ranging from 1.06-1.17) than the original 11 SNPs
used in the present analysis'® 2. But this does not necessarily mean that these SNPs will have
smaller effect sizes on stroke. Indeed, it isvery possible that such SNPs may bein gene
pathways that are more relevant to stroke than are the pathways associated with the currently
known M1 SNPs. Thus, it will be important to monitor new SNPs identified, even those with

small effect sizes, as they may generate new biological insightsinto the etiology of stroke.

Summary

11



Common variants previously associated with M1/CAD risk do not have effects of smilar
magnitude on overall 1S, but do not preclude moderate associations restricted to specific IS

subtypes.

12



Acknowledgements
Australian population control data was derived from the Hunter Community Study. ASGC study
would like to thank the men and women of the Hunter region who participated in this study.
Genotyping for GEOS and VISP studies were provided by the Johns Hopkins University Center
for Inherited Disease Research (CIDR) and data cleaning were assisted by GENEV A
coordinating center under National Institutes of Health Genes, Environment and Health Initiative
(GEI). RACE study would like to acknowledge the contributions made by the RACE

investigators.

Sour ces of Funding
ASGC: We are grateful to the University of Newcastle for funding. The ASGC was funded by
grants from the Australian National and Medical Health Research Council (NHMRC Project
Grant ID: 569257) and the Australian National Heart Foundation (NHF Project Grant ID: G 04S
1623). EGH is supported by an NHMRC Training (Postdoctoral) Fellowship.
BRAINS. BRAINS s supported by a Dept of Health (UK) senior fellowship to PSand also by a
grant from the Henry Smith Charity and the British Council (UKIERI).
CEDIR: The Besta Cerebrovascular Diseases Registry (CEDIR) was supported by the Italian
Ministry of Health, years 2007-2010 (Annual Research Funding; Grant Numbers: RC 2007/LR6,
RC 2008/LR6; RC 2009/LR8; RC 2010/LR8). This study was supported also by Cariplo
Foundation (Grant n. 2010-0253). Silvia Parolo is supported by a PhD fellowship of the
University of Pavia (PhD program in Genetic and Biomolecular Sciences). The PROCARDIS
study was supported by the European Community Sixth Framework Program (LSHM-CT-2007-

037273).

13



GASROS: GASROS was supported by the American Heart Association/Bugher Foundation
Centers for Stroke Prevention Research (0775010N); NIH-NINDS grant numbers K23NS064052
(N.S.R.), ROINS063925 (J.R.) and PSONS051343 (JR and K.L.F.); the Deane Institute for
Integrative Study of Atrial Fibrillation and Stroke; and the Keane Stroke Genetics Research
Fund. The MIGen study was funded by the U.S. National Institutes of Health and National
Heart, Lung, and Blood Institute's STAMPEED genomics research program (RO1 HLO87676)
and a grant from the National Center for Research Resources. Drs. Biffi, Rost and Anderson
were supported in part by the American Heart Association/Bugher Foundation Centers for Stroke
Prevention Research.

GEOS: The GEOS study was supported by the National Institutes of Health Genes, Environment
and Health Initiative (GEI) Grant U01 HG004436, as part of the GENEV A consortium under
GEl. Genotyping services were provided by the Johns Hopkins University Center for Inherited
Disease Research (CIDR), which is fully funded through a federal contract from the National
Institutes of Health to the Johns Hopkins University (contract number HHSN268200782096C).
Assistance with data cleaning was provided by the GENEV A Coordinating Center (UOL HG
004446; PI Bruce SWaeir). Study recruitment and collection of datasets were supported by the
Office of Research and Development, Medical Research Service, and the Baltimore Geriatrics
Research, Education, and Clinical Center of the Department of Veterans Affairs and by grants
from the National Institute of Neurological Disorders and Stroke (NINDS) and the NIH Office of
Research on Women's Health (RO1 NS45012, UO1 NS069208-01).

GRAZ: Genetic studies of the Austrian Stroke Prevention Study are supported by the Austrian

Science Fund (P20545).

14



| SGS/SWISS: Thiswork was supported in part by the Intramural Research Program of the
National Institute on Aging, National Institutes of Health, Department of Health and Human
Services, project number Z01 AG000954-06. Thiswork used samples and clinical data from the
NINDS Human Genetics Resource Center DNA and Cell Line Repository
(http://ccr.coridl.org/ninds), human subjects protocol numbers 2003-081 and 2004-147. The
inclusion of Baltimore Longitudinal Study of Aging samples was supported in part by the
Intramural Research Program of the National Institute on Aging, National Institutes of Health,
Department of Health and Human Services; project number Z01 AG000015-50, human subjects
protocol number 2003-078.The ISGS study was funded by a grant from the National Institute for
Neurological Disorders and Stroke (US), Grant no. RO1 N$42733 (J. Meschia, Pl). The SWISS
study was funded by a grant from the National Institute for Neurological Disorders and Stroke
(US), Grant no. RO1 NS39987 (J. Meschia, Pl). This study utilized the high-performance
computational capabilities of the Biowulf Linux cluster at the National Institutes of Health,
Bethesda, Md. (http://biowulf.nih.gov).

RACE: The RACE study is supported by grants from the National Institute of Neurological
Disorders And Stroke (Award Number 21NS064908) and educational awards to investigators at
the Center for Non-Communicable Diseases, Pakistan.

VISP: The GWAS component of the VISP study was supported by the National Human
Genome Research Institute (NHGRI), Grant U0O1 HG005160 (Pl Michele Sale & Bradford
Worrall), as part of the Genomics and Randomized Trials Network (GARNET). Genotyping
services were provided by the Johns Hopkins University Center for Inherited Disease Research
(CIDR), which is fully funded through afederal contract from the National Institutes of Health to

the Johns Hopkins University. Assistance with data cleaning was provided by the GARNET

15



Coordinating Center (UO1 HG005157; Pl Bruce S Weir). Study recruitment and collection of
datasets for the VISP clinical trial were supported by an investigator-initiated research grant
(RO1 NS34447; Pl James Toole) from the United States Public Health Service, National Institute

of Neurological Disorders and Stroke of the National Institutes of Health, Bethesda, Maryland.

Disclosures

None

16



References

Rosamond W, Flegal K, FurieK, Go A, Greenlund K, Haase N, et a. Heart disease and
stroke statistics--2008 update: A report from the american heart association statistics
committee and stroke statistics subcommittee. Circulation. 2008;117:€25-146
Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De Simone G, et al. Heart
disease and stroke statistics--2010 update: A report from the american heart association.
Circulation. 2010;121:e46-215

Adams HP, Jr., Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, et al.
Classification of subtype of acute ischemic stroke. Definitions for use in a multicenter
clinical trial. Toast. Trial of org 10172 in acute stroke treatment. Stroke. 1993;24:35-41
Jerrard-Dunne P, Cloud G, Hassan A, Markus HS. Evaluating the genetic component of
ischemic stroke subtypes: A family history study. Stroke. 2003;34:1364-1369
Polychronopoulos P, Gioldasis G, Ellul J, Metallinos IC, Lekka NP, Paschalis C, et al.
Family history of strokein stroke types and subtypes. J Neurol Sci. 2002;195:117-122
MacClellan LR, Mitchell BD, Cole JW, Wozniak MA, Stern BJ, Giles WH, et al.
Familial aggregation of ischemic stroke in young women: The stroke prevention in young
women study. Genetic Epidemiology. 2006;30:602-608

Erdmann J, Grosshennig A, Braund PS, Konig IR, Hengstenberg C, Hall AS, et al. New
susceptibility locus for coronary artery disease on chromosome 3g22.3. Nat Genet.

2009;41:280-282

17



10.

11.

12.

13.

14.

15.

Kathiresan S, Voight BF, Purcell S, Musunuru K, Ardissino D, Mannucci PM, et al.
Genome-wide association of early-onset myocardial infarction with single nucleotide
polymorphisms and copy number variants. Nat Genet. 2009;41:334-341

McPherson R, Pertsemlidis A, Kavaslar N, Stewart A, RobertsR, Cox DR, et al. A
common allele on chromosome 9 associated with coronary heart disease. Science.
2007;316:1488-1491

Wellcome Trust Case Control Consortium. Genome-wide association study of 14,000
cases of seven common diseases and 3,000 shared controls. Nature. 2007;447:661-678
Helgadottir A, Thorleifsson G, Manolescu A, Gretarsdottir S, Blondal T, Jonasdottir A, et
al. A common variant on chromosome 9p21 affects the risk of myocardial infarction.
Science. 2007;316:1491-1493

Samani NJ, Erdmann J, Hall AS, Hengstenberg C, Mangino M, Mayer B, et al.
Genomewide association analysis of coronary artery disease. N Engl J Med.
2007;357:443-453

Gudbjartsson DF, Bjornsdottir US, Halapi E, Helgadottir A, Sulem P, Jonsdottir GM, et
al. Seguence variants affecting eosinophil numbers associate with asthma and myocardial
infarction. Nat Genet. 2009;41:342-347

Gschwendtner A, Bevan S, Cole JW, Plourde A, Matarin M, Ross-AdamsH, et al.
Seguence variants on chromosome 9p21.3 confer risk for atherosclerotic stroke.
Ann.Neurol. 2009;65:531-539

Fleiss JL. The statistical basis of meta-analysis. Stat Methods Med Res. 1993;2:121-145

18



16.

17.

18.

19.

20.

21.

Yoshikawa Y, Satoh T, Tamura T, Wei P, Bilasy SE, Edamatsu H, et a. The m-ras-ra-
gef-2-rapl pathway mediates tumor necrosis factor-{ alpha} dependent regulation of
integrin activation in splenocytes. Mol. Biol. Cell. 2007;18:2949-2959

Arndt S, Mdlle C, Mondal K, Klein G, von Eggeling F, Bosserhoff A-K. Interactions of
tango and leukocyte integrin cd11c/cd18 regulate the migration of human monocytes.
Journal of Leukocyte Biology. 2007;82:1466-1472

Wild PS, Zdler T, Schillert A, Szymczak S, Sinning CR, Deiseroth A, et a. A genome-
wide association study identifies lipa as a susceptibility gene for coronary artery disease.
Circulation: Cardiovascular Genetics. 2011;4:403-412

Erdmann J, Willenborg C, Nahrstaedt J, Preuss M, Konig IR, Baumert J, et al. Genome-
wide association study identifies a new locus for coronary artery disease on chromosome
10p11.23. European Heart Journal. 2011;32:158-168

The Coronary Artery Disease (C4D) Genetics Consortium. A genome-wide association
study in europeans and south asians identifies five new loci for coronary artery disease.
Nat Genet. 2011;43:339-344

Schunkert H, Konig IR, Kathiresan S, Reilly MP, Assmes TL, Holm H, et a. Large-
scale association analysis identifies 13 new susceptibility loci for coronary artery disease.

Nat Genet. 2011,43:333-338

19



Table 1. Previous published SNPs that were associated with M1 or CAD

SNP Non-risk/  Frequency  Region Position Reported gene Previous Reference
risk allele*  of risk allele reported odds
ratioon M1
rs11206510 CIT 0.81 1p32 55,268,627  PCSK9 1.15 °
rs646776 CIT 0.81 1p13 109,620,053 CELSR2-PSRC1-SORT1 1.17 810
rs17465637 AIC 0.72 1941 220,890,152 MIA3 1.13 812
rs6725887 TIC 0.14 2033 203,454,130 WDRI12 1.17 8
rs9818870 CIT 0.16 3922.2 139,604,812 MRAS 1.15 !
rs12526453 GIC 0.65 6p24 13035530  PHACTR1 1.12 8
rs4977574 AlIG 0.56 9p21  22,088574  ANRIL/CDKN2B-AS1 1.28 8911
rs1746048 T/C 0.84 1011 44,095,830 CXCL12 1.14 812
rs3184504 CIT 0.39 12924 110,368,991  SH2B3 1.13 3
rs1122608 TIG 0.75 19p13 11,024,601  SMARCA4-LDLR 1.15 8
rs9982601 CIT 0.13 21022 34,520,998  SLC5A3-MRPS6- 8
1.20
KCNE2

* Risk alleleisthe allele associated with increased risk of Ml or CAD
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Table 2. Association results of the 11 MI/CAD-risk loci and risk scores with ischemic stroke

Heterogeneity between studies

Association with overal IS

MI/CAD-risk . Minimal OR detectablein
SNP Q (P-value) 12, % OR (95% ClI) P
alele current studyt

rs11206510 T 8.12 (0.42) 1.53 0.92 (0.86, 0.99) 0.03 1.13
rs646776 T 9.02 (0.34) 11.34 0.95(0.89, 1.01) 0.12 1.13
rs17465637 C 3.09 (0.93) 0 1.03 (0.97, 1.09) 0.37 111
rs6725887 C 13.38 (0.06) 47.67 1.03 (0.90, 1.16) 0.69 1.13
rs9818870 T 5.45 (0.61) 0 1.03(0.95, 1.11) 0.47 112
rs12526453 C 8.81 (0.36) 9.2 1.00 (0.95, 1.06) 0.92 110
rs4977574 G 4.17 (0.84) 0 1.02 (0.97, 1.07) 0.54 1.09
rs1746048 C 5.37 (0.72) 0 1.03 (0.96, 1.10) 0.38 114
rs3184504 T 20.87 (0.01) 61.67 1.11(1.01, 1.21) 0.03 1.09
rs1122608 G 6.31 (0.61) 0 1.00 (0.95, 1.06) 0.92 111
rs9982601 T 6.20 (0.52) 0 1.00 (0.93, 1.09) 0.95 1.13
scorel n/a 12.31 (0.09) 43.15 1.02 (0.99, 1.05) 0.23 n/a
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score2 n/a 14.44 (0.04) 51.52 1.02 (0.99, 1.06) 0.23 n/a

OR: oddsratio; Cl: confidence interval; n/a: not applicable; P: p-value
" OR: odds ratios reflects the effect of the MI-associated risk allele with the previously published M1 non-risk allele as the reference
alele defined in Table 1.

T The minimal odds ratios that current sample size (6,865 overall IS cases) can detect with at least 80% power (0=0.0045).
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Table 3. Association results of the 11 MI/CAD-risk loci and risk scores with ischemic stroke, by TOAST subtypes

Cardioembolic Large Artery Small Vessel Other Known Undetermined
(n=1,216) (n=1,137) (n=1,043) Causes causes (n=2,087)
(n=324)
SNP OR P OR P OR P OR P OR P
(95% Cl)’ (95% CI)’ (95% CI)’ (95% ClI)’ (95% CI)’
rs11206510 1.02 0.91 1.05 0.89 0.86
(0.89,1.18) 078  (0.80,1.04) 0.7  (0.91,121) 050  (0.72,111) 032  (0.76,099) 0.03
rs646776 0.93 0.91 0.95 101 0.93
(0.83,1.05) 025 (0.81,103) 012 (0.84,107) 038 (0.78,1.31) 094  (0.82,1.05 024
rs17465637 1.01 0.98 1.12 0.96 1.01
(0.89,1.16) 0.86  (0.87,1.09) 069  (1.00,1.26) 005  (0.79,1.17) 069  (0.92,110) 0.90
rs6 725887 0.98 101 0.91 145 0.96
(0.83,1.16) 0.84  (0.85,1.190 093  (0.76,1.09) 030  (0.93,226) 010  (0.83,1.11) 058
rs9818870 117 0.97 0.91 1.32 0.99
(1.02,1.35) 003  (0.83,113) 066  (0.77,107) 024  (0.92,1.89) 013  (0.87,1.12) 0.90
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rs12526453

rs4977574

rs1746048

rs3184504

rs1122608

rs9982601

scorel

score2

1.06
(0.95, 1.18)
1.02
(0.89, 1.17)
0.99
(0.88, 1.12)
1.05
(0.91, 1.22)
0.98
(0.88, 1.09)
1.05
(0.89, 1.25)
1.02
(0.98, 1.07)
1.04

(0.99, 1.08)

031

0.82

0.93

051

0.67

0.55

0.29

011

0.93
(0.83, 1.03)
1.09
(0.99, 1.20)
1.05
(0.92, 1.2)
1.16
(0.96, 1.39)
1.06
(0.95, 1.18)
1.04
(0.89, 1.22)
1.02
(0.97, 1.06)
1.01

(0.96, 1.08)

0.15

0.09

0.44

0.11

0.33

0.63

0.47

0.63

0.90
(0.80, 1.02)
1.03
(0.94, 1.14)
1.01
(0.86, 1.18)
1.03
(0.89, 1.20)
1.03
(0.92, 1.15)
1.06
(0.88, 1.27)
1.01
(0.95, 1.07)
1.00

(0.94, 1.07)

0.09

0.52

0.94

0.68

0.66

0.55

0.85

0.91

1.03
(0.85, 1.25)
0.91
(0.69, 1.18)
0.97
(0.70, 1.33)
1.33
(102, 1.72)
1.03
(0.85, 1.26)
1.15
(0.83, 1.60)
1.06
(0.98, 1.14)
1.08

(1.01, 1.17)

0.74

0.47

0.85

0.04

0.75

0.39

0.16

0.03

1.00
(0.91, 1.09)
1.01
(0.94, 1.09)
1.00
(0.91, 1.1)
1.12
(0.98, 1.27)
0.99
(0.91, 1.07)
1.02
(0.85, 1.22)
1.00
(0.96, 1.04)
1.00

(0.96, 1.05)

0.99

0.72

0.96

011

0.74

0.85

0.97

0.92

n: number of cases, OR: odds ratio; P. p-value
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" OR: odds ratio reflects the effect of the MI-associated risk allele with the previously published M1 non-risk allele as the reference

dlele defined in Table 1.
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