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Genetic Overlap Between Diagnostic Subtypes of
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Background and Purpose—Despite moderate heritability, the phenotypic heterogeneity of ischemic stroke has hampered
gene discovery, motivating analyses of diagnostic subtypes with reduced sample sizes. We assessed evidence for a shared
genetic basis among the 3 major subtypes: large artery atherosclerosis (LAA), cardioembolism, and small vessel disease
(SVD), to inform potential cross-subtype analyses.

Methods—Analyses used genome-wide summary data for 12389 ischemic stroke cases (including 2167 LAA, 2405
cardioembolism, and 1854 SVD) and 62 004 controls from the Metastroke consortium. For 4561 cases and 7094 controls,
individual-level genotype data were also available. Genetic correlations between subtypes were estimated using linear
mixed models and polygenic profile scores. Meta-analysis of a combined LAA-SVD phenotype (4021 cases and 51976
controls) was performed to identify shared risk alleles.
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Results—High genetic correlation was identified between LAA and SVD using linear mixed models (r, =0.96, SE=0.47,
P=9x10*) and profile scores (r =0.72; 95% confidence interval, 0.52-0.93). Between LAA and cardloembohsm and
SVD and cardioembolism, correlation was moderate using linear mixed models but not significantly different from zero
for profile scoring. Joint meta-analysis of LAA and SVD identified strong association (P=1x107) for single nucleotide

polymorphisms near the opioid receptor il (OPRM1I) gene.

Conclusions—Our results suggest that LAA and SVD, which have been hitherto treated as genetically distinct, may
share a substantial genetic component. Combined analyses of LAA and SVD may increase power to identify
small-effect alleles influencing shared pathophysiological processes. (Stroke. 2015;46:615-619. DOI: 10.1161/

STROKEAHA.114.007930.)
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Ischemic stroke (IS) is a complex disease influenced by
numerous clinical, genetic, and lifestyle risk factors.
Although conventional factors, such as hypertension, dyslipi-
daemia, diabetes mellitus, and smoking are well-established,
genetic factors contribute <30% to 40% of risk! and are poorly
understood. Despite recent advances in high throughput geno-
typing, gene discovery for IS has progressed slowly because
of the technical nature of case ascertainment and etiologic het-
erogeneity of the IS diagnosis. The latter produces pathophys-
iological differences and implies genetic differences between
patients, complicating efforts to identify susceptibility genes.

To assist diagnosis and clinical management, schemes have
been developed to categorise IS into diagnostic subtypes.>* The
major types are large artery atherosclerosis (LAA), cardioem-
bolism, and small vessel (lacunar) disease (SVD). By exploit-
ing these phenotypically more homogeneous categorizations,
genome-wide association studies (GWAS) have identified
several genetic associations specific to individual subtypes.*’
In contrast, only 2 genome-wide significant associations have
been identified for broadly defined IS,*® in spite of its ~5-fold
larger sample sizes. Power of association studies is a balance
between sample size and the (unknown) effect sizes of risk
loci, with estimable effect size depending on genetic homoge-
neity. To date, GWAS of IS have focussed on individual sub-
types which reduce sample size and may reduce power at some
loci if there is a shared genetic basis between subtypes.'’

This study aimed to estimate genetic correlations between
the 3 major IS subtypes using individual-level GWAS data
and meta-analysis summary statistics from the International
Stroke Genetics Consortium®’ and Metastroke.> Genetic cor-
relations were estimated using 2 different methods: linear
mixed models (LMMs)!'!' and polygenic profile scoring.'?

Methods

Data Sources

The Metastroke study included 15 individual studies contributing
12389 total ischemic stroke cases and 62004 controls of European
ancestry (Table I in the online-only Data Supplement). Details of
these 15 studies, including genotyping, phenotyping, and partici-
pants’ demographic details have been previously described in detail .
Cases and controls did not overlap between studies and were con-
firmed as unrelated using genotypic data. Stroke subtyping was per-
formed using the TOAST system,” identifying 2167 cases with large
artery atherosclerosis (LAA), 2405 with cardioembolism, and 1854
cases with SVD; the remainder had other, undetermined, or crypto-
genic pathogenesis. Each study conducted genotype imputation us-
ing either HapMap Phase 2 or 1000 Genomes reference panels, fitted

additive logistic regression models for all single nucleotide polymor-
phisms (SNPs), and provided regression summary statistics for IS
and its subtypes (if available). Individual-level GWAS data were also
available for 3 of the largest Metastroke cohorts: 2 from the Wellcome
Trust Case Control Consortium 2 Study (United Kingdom and
Munich)® and the Australian Stroke Genetics Collaborative,” which
were genotyped using Illumina arrays with similar content. All stud-
ies were approved by appropriate ethics committees and participants
provided written informed consent.

Linear Mixed Modeling
Genotype data for the 3 samples with individual-level data were com-
bined to yield a single data set using the software PLINK." Stringent
quality control removed SNPs not directly genotyped in all samples,
with >0.5% missing data, Hardy—Weinberg P value <0.05, minor al-
lele frequency <1%, or differential missingness (P<0.05) between
samples. We excluded samples with >1% data missingness and
one from each pair with an absolute value of genome-wide similar-
ity >0.05." Principal components of ancestry were calculated in the
pooled sample after 3 iterations of principal components analysis with
outlier removal (>5 standard deviations from the mean on PC1-5)."
Heritability within and genetic correlations (r,) between subtypes
were estimated using LMMs,' adjusting for 20 principal compo-
nents. Likelihood ratio statistics were used to test whether estimates
were significantly different to zero. Heritability estimates were trans-
formed to the liability scale assuming 2% lifetime prevalence for IS,
to which the 3 major subtypes each contribute =20% (total 60%),
equating to 0.4% prevalence (20%x2%) for each subtype.>'® The re-
maining 0.8% prevalence (40%x2%) was assumed to reflect other
stroke types.

Polygenic Profile Scoring

The profile scoring approach uses SNP association statistics from a
given phenotype to build a linear predictor and tests this for associa-
tion with the same or a different phenotype in independent data. To
facilitate interpretation of cross-subtype analyses, we first assessed
association of profile scores within IS and its 3 subtypes. For each,
this was performed using leave-one-out validation for the 3 target
data sets with individual-level data. In turn, each of the 3 was set
aside and a GWAS discovery meta-analysis was performed using
all other Metastroke data sets. SNPs with data from =5 Metastroke
studies were retained and pruned for linkage disequilibrium (°>0.2
within 1Mb) using PLINK’s clump algorithm,'* which preferentially
retains the most associated SNP in a linkage disequilibrium region.
From the pruned set, we extracted subsets passing 10 graded signifi-
cance thresholds (P=1x10~, 1x107, 0.01, 0.05, 0.1, 0.2, 0.3, 0.4,
0.5, 1). For subsets passing each threshold, PLINK’s score function
was used to calculate profile scores for individuals in the left-out data
set. These scores represent an average risk allele burden across all
SNPs in the score, with weights assigned as the log odds ratio from
the discovery meta-analysis.

Associations of profile scores with stroke subtypes were assessed
by logistic regression adjusted for 3 ancestry principal components.
Variance explained by the score was computed as the difference in
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Nagelkerke’s pseudo-R? between the model including the profile
score and principal components and that including only principal
components. Results for the 3 target data sets were combined via ran-
dom-effects meta-analysis to estimate overall significance. Overall
variance explained was estimated as the sample-size weighted mean
of target data set—specific pseudo-R? estimates.

To assess polygenic sharing between subtypes, we used the same
approach, with different subtypes alternately specified as discovery
and target traits. There was no sample overlap between discovery and
target analyses. Using profile score results, genetic correlations ()
were estimated using a quantitative genetics framework.'> At @=0.05,
we had 98% power to detect polygenic scores explaining =0.2% of
variance in case/control status for any target subtype, 81% to 83%
power to detect scores explaining >0.1% of variance (varying by
subtype), and 52% to 54% power for scores explaining >0.05% of
variance.?

Joint Meta-Analysis of LAA and SVD

Joint, fixed-effects meta-analysis of allelic effects for LAA and SVD
was performed using Metal'” for 2167 LAA cases, 1854 SVD cases
(4021 total cases), and 51976 controls from 12 studies (Table I in
the online-only Data Supplement). To control type 1 error caused by
overlapping controls for LAA and SVD within cohorts, a covariance
correction was applied.'® Power to detect associated SNPs was cal-
culated' assuming an additive model, perfect linkage disequilibrium
between risk and marker alleles, and a significance level of a=5x107%.
For a genetic risk ratio of 1.2, we had 37%, 89%, and 98% to 99%
power to identify risk alleles with frequency 0.1, 0.2, and 0.3 to 0.5,
respectively. For a true risk ratio of 1.1, power was low, ranging from
0.2% to 10% across allele frequencies.

Results
Linear Mixed Models

After stringent quality control, individual-level genotype
data were available for 4561 IS cases and 7094 controls
(Table) at 345336 directly genotyped SNPs. Using LMMs,
the estimated proportion of variance in case—control status
explained by the SNPs (h%,,) was significant for all stroke
traits (Table II in the online-only Data Supplement). Higher
and more significant values were estimated for IS (hZSNP=O.18;
P=1x10"), LAA (h*y,=0.19; P=2x10"), and cardioembo-
lism (h?y,=0.24; P=2x10), whereas the estimate for SVD
was lower (1, ,=0.10; P=0.04).

To estimate the genetic correlation (r ) between subtype
cases, controls were randomly allocated to one of the 2 subtype
groups in each analysis. This allocation and estimation process
was repeated 10 times and the mean and standard deviation of
parameter estimates and mean standard errors (SE) derived
(Table IIT in the online-only Data Supplement). The r, value
was highest and significantly different from zero between
LAA and SVD at 0.96 (SD=0.059; P=9x107), although the
large standard error (0.47) indicates low precision. Reduced,
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but nominally significant correlation was observed between
LAA and cardioembolism (rg=0.39, SE=0.21, P=0.024)
and between cardioembolism and SVD (rg=0.64, SE=0.40,
P=0.017).

Polygenic Profile Scoring

Although LMM analyses were restricted to samples with
individual-level data, profile scoring could use Metastroke
samples with summary statistics for discovery meta-analyses.
In analyses within traits, profile scores for IS, LAA, and car-
dioembolism showed strong association with the same trait
in independent target cohorts (Tables IV-VI and Figure I
in the online-only Data Supplement). For IS, strong asso-
ciation was observed across most of the discovery P value
distribution with maximum association observed for P <l
(P, =1.1x10®), typical of relatively small discovery sam-
ples.?® There was little effect size heterogeneity across target
cohorts. For LAA, maximum association (P =1 7x107%) was
observed for P <0.05 with no heterogeneity. For cardioembo-
lism, maximum association (P _=2x10") was observed for
predictors including SNPs reaching P, <0.001 and P,<0.01,
with no heterogeneity. For all 3 subtypes, profile scores
explained a small proportion of observed case—control vari-
ance, being highest for LAA (pseudo-R*=0.45%) and lowest
for SVD (pseudo-R?=0.05%). We also note that SVD-based
scores did not associate with SVD in target cohorts and many
showed effect heterogeneity between studies (Table VII in the
online-only Data Supplement).

Analyses between stroke subtypes detected significant
polygenic sharing between LAA and SVD (Tables VIII and
IX and Figure II in the online-only Data Supplement). The
majority of SVD-based scores were associated with LAA,
with no heterogeneity. The highest association was observed
for a score including =36000 SNPs reaching discovery
P <0.1 (P =2x10"), which explained an estimated 0.19%
of observed LAA case/control variance. In the reverse analy-
sis, 3 LAA-based profile scores were associated with SVD at
P<0.05, for example, the score including 20000 SNPs reach-
ing P.<0.05 (P =0.032, R?=0.08%). In analyses of the other
2 subtype pairs (LAA and cardioembolism, cardioembolism
and SVD), no coassociation of profile scores was observed
(Tables X—XIII and Figures IIT and IV in the online-only Data
Supplement).

Using profile score results within LAA, the estimated propor-
tion of LAA variance in liability explained by the score most
strongly associated with LAA and SVD (P =0.05) was 12.8%
(Table V in the online-only Data Supplement). SVD-based scores
did not associate with SVD in target samples, but the score most

Table. Ischemic Stroke Samples Used for Testing Polygenic Scores

Study IS LAA Cardioembolism SVD Controls
ASGC 1071 375 226 287 1212
WTCCC2-Munich 1140 338 322 104 775
WTCCC2-UK 2350 494 450 471 5107
Total 4561 1207 998 862 7094

ASGC indicates Australian Stroke Genetics Collaborative; IS, ischemic stroke; LAA, large artery atherosclerosis; SVD, small vessel
disease; and WTCCC2, Wellcome Trust Case Control Consortium 2 Study.
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significantly associated with LAA (P =0.1) explained 0.8%
of SVD liability variance (Table VII in the online-only Data
Supplement). Using these estimates and the observed cross-trait
association results, the estimated genetic correlation'? between
LAA and SVD was rg=0.72, which was significantly different
from zero (95% confidence interval [CI], 0.52-0.92). The SNP-
based correlation was not significantly different from zero for
LAA and cardioembolism (rg=0. 13, 95% CI, 0-0.56), or cardio-
embolism and SVD (rg=0‘64, 95% CI: 0-0.92).

Quantitative Bias Analysis: Subtype
Misclassification

Bias analysis was performed to assess the extent to which the
genetic correlation (r) between LAA and SVD could result
from subtype misclassification?' (see Methods and Table XIV
in the online-only Data Supplement). Allowing for rates of
subtype misclassification consistent with reported values of
inter-rater reliability,” r, was still significantly different from
zero. Assuming all misclassified LAA cases were truly SVD
and vice versa, the estimate was rg=0.63 (95% CI, 0.34-0.74).
Assuming all misclassified cases were neither LAA nor SVD,
the estimate was rg=0.75 (95% CI, 0.43-0.98). This suggests
robustness of the observed genetic correlation to likely levels
of subtype misclassification.

GWAS Meta-Analysis of LAA and SVD

Given evidence for shared common variants between LAA and
SVD, joint meta-analysis of LAA and SVD was performed
(Figures V and VI in the online-only Data Supplement).
Although no SNPs reached genome-wide significance
(P<5x107®), suggestive association (P=1x107 at rs17084671;
P=2x10" at rs6938958 and rs7763080) was observed for
a cluster of SNPs at chromosome 6q25.2 (Table XV in the
online-only Data Supplement), =100 kb upstream of the opi-
oid receptor ul (OPRM1I) gene.

Discussion
GWAS of IS have revealed the importance of diagnostic
subtype classifications. However, exclusive reliance on dis-
crete subtypes reduces sample size and assumes an absence
of risk alleles influencing multiple subtypes. Using some of
the largest extant GWAS collections and 2 different analytic
approaches, this study suggests the presence of extensive
genetic overlap between large artery atherosclerotic and small
vessel ischemic stroke. We estimated the genetic correlation
between these subtypes exceeds 0.7, but larger samples will
increase the accuracy of this estimate.

We were careful to eliminate potential sources of bias in
our analyses. In individual-level data, European ancestry was
strictly defined and principal components of ancestry included
as covariates. We also checked that positive score effects were
present in multiple target studies and not driven by a single
study. Misclassification of TOAST subtypes was considered
an important potential source of error because MRI, which
increases diagnostic accuracy particularly for SVD, was only
used for subtyping =50% of all cases.” However, sensitiv-
ity analyses suggested that typical rates of misclassification
would have minimal effects on the estimated correlation.

Although SVD-based profile scores did not show signifi-
cant association with SVD, they associated with LAA in the
cross-trait analysis. In the complementary analysis, which
used the more powerful LAA discovery sample, LAA-based
profile scores showed significant association with both LAA
and SVD. This does not imply lack of consistency or poly-
genic architecture for SVD. Indeed, our and a previous LMM
analysis' detected significant SNP-based heritability for SVD.
Profile score analyses are influenced both by sample size and
phenotypic homogeneity of discovery and target traits. SVD
had the lowest case numbers and is also phenotypically het-
erogeneous. In profile analyses conducted exclusively within
SVD, these factors will reduce both the accuracy of polygenic
predictors and statistical power in target samples.

The proportion of observed LAA and SVD variance
explained by SVD-based and LAA-based profile scores
(pseudo-R?) was 0.2% and 0.08%, respectively. Although
these values are low, this does not mean that the true genetic
overlap is small. By combining sampling errors in effect esti-
mates across all SNPs in the score, profile scoring produces
estimates of explained variance typically lower than true
values,?** but which will increase as sample size increases.
Pseudo-R? measures for binary traits can be difficult to inter-
pret because they can depend on ascertainment, that is, the
proportion of cases in the sample.* Profile scoring results
were used to estimate liability-scale variance explained and
genetic correlations using theory that accounts for sample size
and ascertainment. For example, within LAA, the pseudo-R?
for the maximum profile score was 0.48%, but the estimated
LAA variance explained by the score, adjusted for sample
size and ascertainment, was 12.8%. Thus, although estimates
of observed cross-trait variance explained are small, they can
signify a higher genetic correlation. When genetic correlation
has been estimated from the same data set, the results from
the profile score and LMM agree well.> Here, the use of the
profile score method allowed the use of a larger sample via
data sets for which only association summary statistics were
available.

The SNPs most strongly associated with the joint LAA-
SVD trait were near the OPRM1 gene, alleles within which
have previously shown suggestive association with coronary
heart disease (P=5x107%),%° which has an atherosclerotic
pathogenesis. Estimated genetic correlation between LAA
and SVD is also consistent with an atherosclerotic pathogen-
esis in the majority of LAA and a subset of SVD cases. The
primary pathophysiological mechanism for LAA is presumed
to be atherosclerosis of the large cerebral arteries.> For SVD,
pathological and imaging studies suggest the presence of sig-
nificant disease heterogeneity, with 2 major underlying vas-
cular pathologies being hypothesized.””?® The first involves
localized atherosclerosis of the larger perforating arteries,
typically resulting in a larger, isolated lacunar infarct. The
second involves diffuse, nonatherosclerotic arteriopathy of the
smaller perforating arteries, associated with multiple, smaller
infarcts and often coexistent radiological leukoaraiosis.?®
Earlier risk factor analyses suggested that conventional ath-
erosclerotic factors were more common in the isolated lacu-
nar infarct subtype. This subgroup could thus account for the
genetic overlap between the broader SVD category and LAA.
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Conclusions
Our analyses strongly suggest that LAA and SVD—which
have been hitherto considered genetically distinct—may have
a shared genetic pathogenesis. Further investigation of the
genetic relationship between ischemic stroke subtypes is mer-
ited. Although recent GWAS have identified several subtype-
specific genetic associations, the pace of discovery has been
constrained by small numbers for individual subtypes. If there
exists small-effect variants influencing multiple subtypes,
joint subtype analyses will offer higher power to identify these
and may also identify biological mechanisms shared by these
traditionally distinct clinical diagnoses.
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Genetic overlap between diagnostic subtypes of ischemic stroke

Supplementary methods and results

Quantitative bias analysis — subtype misclassification

For given misclassification rates, the greatest bias will arise under two extreme scenarios.
First, if all misclassified LAA cases were truly SVD and vice versa (S1), a proportion of
rq will reflect within-subtype correlation, biasing rq upwards. Alternatively, if all
misclassified cases were neither LAA nor SVD (S2), the observed ry will be typically, but
not always, biased downwards *. We re-estimated rq under S1 and S2 allowing for
misclassification rates consistent with reported inter-rater reliability (Cohen’s kappa)
values for TOAST subtypes. Averaged across subtypes, kappa statistics generally range
from 0.5 to 0.8 % 3. One study reported subtype-specific values of 0.8 for LAA and 0.53
for SVD °. Since kappa is a correlation measure, these values were specified as assumed
correlations of marker effects between discovery and target samples in the within-trait
analyses of LAA and SVD during estimation of the within-trait variance (vg1/h?)
explained by profile scores. This bias-adjusted estimate of vgl was then used to estimate
the genetic correlation (rg) between LAA and SVD using profile scores from the cross-
trait analyses (Table XIV). With kappa=0.8 for LAA and 0.5 for SVD, under S1 ry was
reduced, but still significantly different from zero (rg=0.63, 95% CI: [0.34, 0.74]). Under
S2 the estimate was slightly higher (rg=0.75, 95% CI: [0.43, 0.98]). The true
misclassification scenario will likely lie between the extremes described by S1 and S2,
suggesting robustness of the observed genetic correlation to likely levels of subtype
misclassification.



Table I. Metastroke study details

Cohort Name IS — broadly defined LAA CE SVD Controls
ARIC 385 31 93 63 8,803
ASGC 1,162 421 240 310 1,244
BRAINS 361 120 29 97 444
CHS 454 - 147 73 2,817
deCODE 2,391 255 399 240 26,970
FHS 171 - 48 - 4,164
GEOS 448 37 90 54 498
HPS 578 - - - 468
HVH 566 61 88 173 1,290
ISGS/SWISS 1,070 229 247 201 2,329
MGH/GASROS 516 95 169 38 1,202
Milano 372 74 65 25 407
Rotterdam 367 - - - 5,396
WTCCC2-Munich 1,174 346 330 106 797
WTCCC2-UK 2,374 498 460 474 5,175
Total 12,389 2,167 2,405 1,854 62,004

Notes: IS — ischaemic stroke; LAA — large artery atherosclerosis; CE — cardioembolic
stroke; SVD — small vessel disease.

Table Il. Linear mixed modelling: univariate analyses within subtypes

Trait Cases Controls K? h? (SE) pc
liability scale ®

Broad IS 4,561 7,094 0.02 0.18 (0.025) 1x10™

LAA 1,207 7,094 0.004 0.19 (0.046) 2x107

CE 998 7,094 0.004 0.24 (0.053) 2x10°®

SvD 862 7,094 0.004 0.10 (0.060) 0.04

® Lifetime population prevalence. ® Estimates based on 345,336 genome-wide SNPs.
® from a likelihood ratio test of the null hypothesis Ho: h?=0.



Table I11. Linear mixed modelling: bivariate analyses (between subtypes)

Trait 1/Trait 2

LAA/CE LAA/SVD CE/SVD Control/Control®
Cases 1,207/998 1,207/862 998/862
Controls 3,547/3,547 3,547/3,547 3,547/3,547
h? trait 1 (SE)? 0.18 (0.052) 0.17 (0.052) 0.23 (0.059) 0.00 (0.014)
h? trait 2 (SE)° 0.23 (0.059) 0.10 (0.066) 0.10 (0.066) -
ry (SE)° 0.39 (0.21) 0.96 (0.47) 0.64 (0.40) -
SD (ry) 0.066 0.059 0.18 -
PP 0.024 9x10* 0.017 0.43
P¢ 0.012 0.44 0.11

® Mean estimate from ten permuted assignments of controls to one of the two case traits.
Each of the permuted control assignments was used to estimate of h? (trait 1), h? (trait 2)
and rgy for all three trait combinations. b p_value for Ho: ry=0, Hi: rg>0. © P-value for Ho:
re=1, Hy: rg<i. ¢ The permuted control subsets also allowed us to benchmark the expected
h“sne by assessing genetic sharing within controls. Across ten control subsets the mean
was zero, suggesting lack of inflation by factors unrelated to case-control status.



Table 1V. Polygenic scoring results for broadly defined ischaemic stroke (IS)

P: Nsnps Nsnps Nisnps P(score)’ HetFP® P(het)* R*(%)® h*°
ASGC WTCCC2-Mun  WTCCC2-UK

0.0001 73 93 85 0.003 0% 0.53 0.06 0.004
0.001 602 619 627 3.2x10° 0% 0.44 0.16 0.013
0.01 4,710 4,633 4,726 7.2x10° 42%  0.18 0.22 0.025
0.05 18,432 18,557 18,933 1.8x107 0% 0.88 0.19 0.043
0.1 32,876 32,843 33,548 7.1x107 0% 0.47 0.17 0.044
0.2 57,318 57,288 57,969 2.2x107 0% 0.60 0.19 0.051
0.3 78,183 77,965 78,660 8.8x10° 0% 0.88 0.20 0.056
0.4 95,954 95,459 96,220 1.6x10% 0% 0.88 0.22 0.062
0.5 111,005 110,406 110,944 1.7x10% 0% 0.83 0.22 0.064
1 154,056 152,907 152,394 1.1x10% 0% 0.79 0.22 0.074

% From random effects meta-analysis across the three target cohorts (see Table 1, main
paper) using all samples listed in Table | above (except the target cohort) in the discovery
meta-analysis. ® Percent of variation of score effects across studies due to heterogeneity,
based on Cochran’s Q statistic. ¢ Significance of Q statistic. ® Nagelkerke’s R?: Sample-
size weighted mean of estimates from the three individual studies. ° IS target sample
variance explained by the polygenic score. h? was calculated using quantitative genetics
theory * with the observed sample sizes, Pt, Nsnps, P(score), assuming genetic correlation
=1 bestvgeen IS in discovery and target samples, and IS lifetime population prevalence =
0.02 >°.



Table V. Polygenic scoring results for large artery atherosclerosis (LAA)

P: Nsnps Nsnps Nsnps P(score)® HetF P (het)® R*(%)° h*¢
ASGC WTCCC2-Mun  WTCCC2-UK b

0.0001 109 90 90 0.36 0% 0.43 0.024 0.005
0.001 689 650 672 0.24 0% 0.60 0.047 0.015
0.01 5,216 5,099 5,336 9.2x10° 0% 0.52 0.28 0.072
0.05* 20,158 20,258 20,794 1.7x10% 0% 0.64 0.48 0.128
0.1 35,765 35,815 36,481 1.9x107 0% 0.94 0.40 0.128
0.2 62,393 62,099 63,150 25x107 0% 0.99 0.41 0.138
0.3 84,922 84,770 85,603 1.5x107 0% 0.97 0.41 0.150
0.4 104,363 104,249 104,803 5.0x10° 0% 0.85 0.43 0.163
0.5 121,026 120,984 121,283 3.8x10% 0% 0.90 0.45 0.172
1 170,896 170,552 169,957 3.4x10° 0% 0.85 0.45 0.197

® From random effects meta-analysis across the three target cohorts (see Table 1, main
paper) using all samples listed in Table | above (except the target cohort) in the discovery
meta-analysis. ® Percent of variation of score effects across studies due to heterogeneity,
based on Cochran’s Q statistic. ¢ Significance of Q statistic. ° Nagelkerke’s R?: Sample-
size weighted mean of estimates from the three individual studies.® LAA target sample
variance explained by the polygenic score. h® was calculated using quantitative genetics
theory * with the observed sample sizes, Pt, Nsnps, P(score), assuming genetic correlation
=1 between LAA in discovery and target samples, and LAA lifetime population
prevalence = 0.004 > °.

* Score showing maximum association with both LAA (above) and SVD (Table VII).



Table VI. Polygenic scoring results for cardioembolic stroke (CE)

P: Nsnps Nsnps Nisnps P(score) HetF P(het)* R*(%)° h*¢
ASGC WTCCC2-Mun WTCCC2-UK ° b

0.0001 107 101 9% 0.23 60%  0.08 0.19 0.006
0.001 664 695 727 1.7x10* 0% 0.91 0.23 0.034
0.01 4,928 4,961 5,031 2.1x10* 0% 0.89 0.26 0.066
0.05 19,454 19,437 20,000 0.009 28%  0.25 0.30 0.059
0.1 34,326 34,543 35,109 0.017 29% 0.4 0.27 0.058
0.2 59,723 59,554 60,215 0.049 44% 0.7 0.28 0.052
0.3 80,684 80,550 81,223 0.064 43% 0.8 0.26 0.052
0.4 98,386 98,378 98,563 0.16 57%  0.10 0.27 0.041
0.5 113,435 113,474 113,287 0.13 54%  0.11 0.26 0.046
1 156,404 155,514 155,123 0.18 55%  0.11 0.24 0.046

® From random effects meta-analysis across the three target cohorts (see Table 1, main
paper) using all samples listed in Table | above (except the target cohort) in the discovery
meta-analysis. ® Percent of variation of score effects across studies due to heterogeneity,
based on Cochran’s Q statistic. ¢ Significance of Q statistic. ° Nagelkerke’s R?: Sample-
size weighted mean of estimates from the three individual studies. ® CE target sample
variance explained by the polygenic score. h® was calculated using quantitative genetics
theory * with the observed sample sizes, Pt, Nsnps, P(score), assuming genetic correlation
=1 betgvgen CE in discovery and target samples, and CE lifetime population prevalence =
0.004 > °.



Table VII. Polygenic scoring results for small vessel disease (SVD)

P: Nsnps Nsnps Nisnps P(score) HetF P(het)® R*(%)° h*¢
ASGC WTCCC2-Mun WTCCC2-UK ° b

0.0001 91 86 114 0.51 0% 0.61 0.018 0.005
0.001 677 620 728 0.95 0% 0.85 0.0019 0.001
0.01 5,114 4,861 5,449 0.92 0% 0.47 0.022 0.003
0.05 20,332 19,636 20,974 0.91 0% 0.67 0.010 0.003
0.1* 35,767 35,057 36,383 0.78 20%  0.29 0.048 0.008
0.2 61,832 60,873 62,892 0.97 38%  0.20 0.058 0.001
0.3 83,691 82,827 84,725 0.76 52%  0.13 0.069 0.010
0.4 102,456 101,697 103,063 0.90 36%  0.21 0.052 0.004
0.5 118,290 117,688 118,447 0.94 34%  0.22 0.046 0.003
1 163,946 163,305 162,329 0.87 42%  0.18 0.053 0.007

® From random effects meta-analysis across the three target cohorts (see Table 1, main
paper) using all samples listed in Table | above (except the target cohort) in the discovery
meta-analysis. ® Percent of variation of score effects across studies due to heterogeneity,
based on Cochran’s Q statistic. ¢ Significance of Q statistic. ° Nagelkerke’s R?: Sample-
size weighted mean of estimates from the three individual studies. ®* SVD target sample
variance explained by the polygenic score. h? was calculated using quantitative genetics
theory * with the observed sample sizes, Pt, Nsnps, P(score), assuming genetic correlation
=1 between SVD in discovery and target samples, and SVD lifetime population
prevalence = 0.004 > °.

* Score showing maximum association with LAA (Table 1X).



Table VIII. Pleiotropy analyses: association of LAA-based polygenic scores with SVD

P; Nsnes Nsnps Nsnes P(score) HetF P(het) Nagelkerke’s
ASGC WTCCC2-Mun  WTCCC2-UK R’ (%)
0.0001 109 90 90 0.35 0% 0.54 0.031
0.001 689 650 672 0.28 0% 0.50 0.029
0.01 5,216 5,099 5,336 0.15 34% 0.22 0.090
0.05 20,158 20,258 20,794 0.032 0% 0.59 0.082
0.1 35,765 35,815 36,481 0.060 0% 0.39 0.075
0.2 62,393 62,099 63,150 0.069 36% 0.21 0.104
0.3 84,922 84,770 85,603 0.064 13% 0.32 0.080
0.4 104,363 104,249 104,803 0.039 0% 0.37 0.080
0.5 121,026 120,984 121,283 0.038 0% 0.42 0.085
1 170,896 170,552 169,957 0.054 0% 0.46 0.069

Table IX. Pleiotropy analyses: association of SVD-based polygenic scores with LAA

[ Nsnps Nsnps Nsnps P(score) HetF P(het) Nagelkerke’s
ASGC WTCCC2-Mun  WTCCC2-UK R? (%)
0.0001 91 86 114 0.75 41%  0.18 0.038
0.001 677 620 728 0.51 0% 0.67 0.010
0.01 5,114 4,861 5,449 0.23 0% 0.94 0.022
0.05 20,332 19,636 20,974 24x10* 0% 0.93 0.197
0.1 35,767 35,057 36,383 2.1x10* 0% 0.81 0.192
0.2 61,832 60,873 62,892 0.001 0% 0.96 0.161
0.3 83,691 82,827 84,725 0.001 0% 0.86 0.150
0.4 102,456 101,697 103,063 0.001 0% 0.88 0.154
0.5 118,290 117,688 118,447 0.001 0% 0.88 0.153

1 163,946 163,305 162,329 0.001 0% 0.80 0.141




Table X. Pleiotropy analyses: association of LAA-based polygenic scores with CE

P; Nsnes Nsnps Nsnes P(score) HetF P(het) Nagelkerke’s
ASGC WTCCC2-Mun  WTCCC2-UK R’ (%)
0.0001 109 90 90 0.58 73% 0.03 0.083
0.001 689 650 672 0.32 0% 0.64 0.018
0.01 5,216 5,099 5,336 0.48 0% 0.55 0.023
0.05 20,158 20,258 20,794 0.18 0% 0.95 0.029
0.1 35,765 35,815 36,481 0.27 13% 0.32 0.048
0.2 62,393 62,099 63,150 0.21 0% 0.53 0.037
0.3 84,922 84,770 85,603 0.19 0% 0.71 0.035
0.4 104,363 104,249 104,803 0.15 0% 0.80 0.032
0.5 121,026 120,984 121,283 0.13 0% 0.88 0.036
1 170,896 170,552 169,957 0.15 0% 0.97 0.038

Table XI. Pleiotropy analyses: association of CE-based polygenic scores with LAA

[ Nsnps Nsnps Nsnps P(score) HetF P(het) Nagelkerke’s
ASGC WTCCC2-Mun  WTCCC2-UK R? (%)
0.0001 107 101 96 0.63 0% 0.48 0.015
0.001 664 695 727 0.99 0% 0.81 0.003
0.01 4,928 4,961 5,031 0.88 0% 0.79 0.001
0.05 19,454 19,437 20,000 0.73 42%  0.18 0.040
0.1 34,326 34,543 35,109 0.83 68%  0.04 0.065
0.2 59,723 59,554 60,215 0.85 41%  0.18 0.031
0.3 80,684 80,550 81,223 0.99 26%  0.26 0.023
0.4 98,386 98,378 98,563 0.71 44% 017 0.038
0.5 113,435 113,474 113,287 0.57 42%  0.18 0.034
1 156,404 155,514 155,123 0.70 51%  0.13 0.042




Table XI1. Pleiotropy analyses: association of CE-based polygenic scores with SVD

P; Nsnes Nsnps Nsnes P(score) HetF P(het) Nagelkerke’s
ASGC WTCCC2-Mun  WTCCC2-UK R’ (%)
0.0001 107 101 96 0.068 0% 0.43 0.105
0.001 664 695 727 0.31 8% 0.34 0.060
0.01 4,928 4,961 5,031 0.32 0% 0.85 0.018
0.05 19,454 19,437 20,000 0.85 0% 0.48 0.021
0.1 34,326 34,543 35,109 0.62 50% 0.14 0.082
0.2 59,723 59,554 60,215 0.63 53% 0.12 0.105
0.3 80,684 80,550 81,223 0.33 40% 0.19 0.124
0.4 98,386 98,378 98,563 0.50 58% 0.09 0.170
0.5 113,435 113,474 113,287 0.45 57% 0.10 0.170
1 156,404 155,514 155,123 0.36 54% 0.11 0.176

Table XI111. Pleiotropy analyses: association of SVD-based polygenic scores with CE

[ Nsnps Nsnps Nsnps P(score) HetF P(het) Nagelkerke’s
ASGC WTCCC2-Mun  WTCCC2-UK R? (%)
0.0001 91 86 114 0.15 0% 0.60 0.034
0.001 677 620 728 0.74 52%  0.13 0.057
0.01 5,114 4,861 5,449 0.89 22% 028 0.033
0.05 20,332 19,636 20,974 0.42 0% 0.46 0.026
0.1 35,767 35,057 36,383 0.53 5% 0.35 0.031
0.2 61,832 60,873 62,892 0.57 19%  0.29 0.029
0.3 83,691 82,827 84,725 0.56 0% 0.41 0.021
0.4 102,456 101,697 103,063 0.56 0% 0.38 0.023
0.5 118,290 117,688 118,447 0.58 0% 0.43 0.020

1 163,946 163,305 162,329 0.60 0% 0.50 0.015




Table XI1V. Bias analysis: genetic correlations between LAA and SVD allowing for

varying levels of subtype misclassification

Scenario 1° Scenario 2 °
Kappa LAA Kappa SVD re (95% Cl) re (95% Cl)

1 1 0.72 (0.51,0.92) 0.72 (0.51,0.92)
0.9 0.9 0.68(0.51,0.86) 0.71(0.51,0.90)
0.9 0.8 0.67 (0.51,0.84) 0.72 (0.51,0.92)
0.9 0.7 0.66 (0.50,0.81) 0.73 (0.52,0.95)
0.9 0.6 0.65 (0.43,0.79) 0.75 (0.48,0.99)
0.9 0.5 0.64 (0.36,0.77) 0.78 (0.41,0.99)
0.8 0.8 0.65(0.51,0.80) 0.69 (0.51,0.87)
0.8 0.7 0.64 (0.47,0.78) 0.71 (0.51,0.90)
0.8 0.6 0.63 (0.40,0.76) 0.72 (0.51,0.93)
0.8 0.5 0.62 (0.33,0.74) 0.75 (0.43,0.98)
0.7 0.7 0.62 (0.44,0.74) 0.68 (0.51,0.85)
0.7 0.6 0.62 (0.37,0.73) 0.70 (0.51,0.88)
0.7 0.5 0.60 (0.31,0.71) 0.71 (0.45,0.92)
0.6 0.6 0.60 (0.35,0.69) 0.67 (0.51,0.82)
0.6 0.5 0.59 (0.29,0.68) 0.68 (0.49,0.86)
0.5 0.5 0.57 (0.26,0.65) 0.65 (0.51,0.80)

Notes: Each rg is the average of estimates from two directional polygenic profiling
analyses: i) LAA used as derivation trait and profile scores assessed for association with
SVD, and; ii) SVD used as derivation trait and profile scores assessed for association with
LAA.

® Under Scenario 1, all misclassified LAA cases were truly SVD, and vice versa. For the
derivation trait, the relevant kappa was specified as the within-trait correlation of genetic
effect sizes. This resulted in proportional inflation of the total fraction of traitl variance
explained by genetic effects (vgl) in the profile score. That is, when misclassification
exists, the true proportion of traitl variance explained by the score would be higher. The
genetic correlation between genetic effects across traits (ry) was estimated using the
adjusted vgl and an adjusted estimate of trait2 variance explained by the score (vg2)
which was similarly inflated upwards by that trait‘s kappa value. That is, under this
scenario of misclassification, the estimate of trait 2 variance explained by the score would
be higher since a component of vg2 now reflects spurious correlation of genetic effects
within trait 1. This proportional inflation of both vgl and vg2 reduces the estimated
genetic correlation consistent with the observed association statistics.

® Under Scenario 2, all misclassified cases were neither LAA nor SVD. For the derivation
trait, vgl was proportionally inflated as before. For the validation trait, vg2 was reduced
to the proportion represented by the relevant kappa value. That is, under this
misclassification scenario, the estimate of trait 2 variance explained by the score is lower,
since the misclassified proportion of cases are of a different subtype to the derivation
trait.

° Reported value, assuming no subtype misclassification



Table XV. Association results for SNPs reaching P<1x10° in joint meta-analysis of LAA

and SVD

Het I Nearest
SNP CHR BP Al Freq OR  95%Cl P (%) HetP  Gene
rs11155944 6 154,245,875 t 0.24 0.84 (0.78,0.89) 1.6E-07 21 0.25 OPRM1
rs932671 6 154,258,051 a 0.25 0.84 (0.79,0.89) 2.3E-07 21 0.25 OPRM1
rs9371764 6 154,259,797 t 0.25 0.86 (0.81,0.92) 5.1E-06 57 0.01 OPRM1
rs17084671 6 154,261,451 a 0.24 0.84 (0.78,0.89) 1.3E-07 15 0.31 OPRM1
rs6938958 6 154,262,120 a 0.76 1.19 (1.11,1.26) 1.8E-07 20 0.26 OPRM1
rs7763080 6 154,263,321 a 0.25 0.84 (0.78,0.89) 1.7E-07 17 0.28 OPRM1
rs12429886 13 46,092,686 t 0.09 1.27 (1.15,1.39) 1.4E-06 48 0.04 LRCH1
rs7983635 13 46,093,268 a 092 0.79 (0.71,0.87) 7.2E-06 52 0.03 LRCH1
rs12427953 13 46,101,896 t 093 0.79 (0.71,0.87) 6.0E-06 50 0.03 LRCH1
rs12429970 13 46,138,327 o 093 0.78 (0.69,0.86) 2.3E-06 52 0.03 LRCH1
rs1483968 14 22,021,733 t 0.075 135 (1.18,1.53) 9.4E-06 0 0.44 TCRA
rs8072419 17 46,982,134 a 0.20 1.16 (1.08,1.23) 6.5E-06 0 0.80 CA10
rs134197 22 26,993,507 a 0.12 1.22 (1.12,1.33) 4.8E-06 33 0.14 TTC28
rs6519761 22 27,431,600 a 0.86 1.20 (1.10,1.29) 9.4E-06 0 0.92 CHEK2
rs1884816 22 27,436,733 t 0.84 1.20 (1.11,1.29) 2.7E-06 0 0.95 CHEK2
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Figure I. Results of polygenic profile scoring within ischemic stroke (IS) and its three
major subtypes: large artery atherosclerosis (LAA), cardioembolism (CE) and small
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Figure I1. Polygenic profile scoring between large artery atherosclerotic stroke (LAA)
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MNMpeanocbinKu U Lenb UccnefoBaHus. HecMOTps Ha yMEePEeHHYI0 HacieAyeMocCTb, GEHOTUMUYECKasi reTepPOreHHOCTb UILIEMUYECKOIO MHCYIbTa
pensTCTBYET OTKPLITUIO Kay3aTUBHbIX FEHOB, TEM CaMbiM CTUMYIMPYS NPOBEAEHUE aHaaN3a ANarHoCTUYECKMX BapUaHTOB MPU HEGOJIbLLUMX pas-
Mepax BblI6OPKU. Mbl oLeHuIn foKka3aTesnbCTBa O6LEel reHEeTUYECKON OCHOBbLI TPEX OCHOBHbIX BapUaHTOB MHCY/bTa: aTepoCKaIepo3a KpynHbIX
aptepmii (AKA), kapanoam6onmm u 6one3Hn menkux cocygos (BMC) ans npoBeAeHUs MOTEHUMasbHbIX MEPEKPECTHbIX aHa/IM30B BapUaHTOB
uHcynbTa. Metopbl. 19 nNpoBeAeHUs aHaim3a UCNoib30Basin NOHOreHOMHble 00606LeHHble aHHble 12 389 nauymeHToB C ULIEMUYECKUM
nHeynbToM (B T.4. 2167 cny4aeB AKA, 2405 cayyaeB Kapanoamboauu n 1854 cnydaes BMC) u 62 004 nuL KOHTPOILHOM rpymnibl M3 KOHCOPLU-
yma Metastroke. Takxe 6blin AOCTYMHbI AaHHbIE MHAUBMAYaAbHbIX reHoTMnoB 4561 nauneHta ¢ uHcyabToM U 7094 AuL KOHTPObHOM rpynmnbl.
leHeTnyeckne Koppensaunm Mexay OTAENIbHbIMK BapuaHTaMU UHCY/IbTa U3y4asiu C UCMO/Ib30BaAHMEM JIMHENHbIX CMELIaHHbIX MOAENEeN U OLeH-
KU MOMreHHbIX npopunen. [na BeisBAEHUS] 0OLMX annenei pucka npoBean MeTa-aHannm3d covyetaHHoro ¢eHotuna AKA-BMC (4021 nauymeHT
un 51 976 nnL KOHTPOIbHOM rpynibl). Pe3ynbratbl. BbICOKYIO reHeTUYECKYI0 Koppensiymio BoisBuan mexay AKA n BMC ¢ ucnoib3oBaHUMEM JIMHEN -
HbIX CMeLlLaHHbIX Mogenemn (rg=0,96, C0=0,47, p=9%10*) n oueHKM npocune (rg=0, 72; 95% poseputenbHbit nHTepBan ot 0,52 go 0,93). Mexay
AKA n kapgnoam6onnest n BMC n kapanoam6onnei Koppensyms 6blia yMepeHHOH Mpu UCMoNb30BaHMN JIMHEHHbIX CMEeLUaHHbIX MojgeneH, HO
He3Ha4YnTesIbHO OT/In4anachk OT HyJIsl MPU NCMOAb30BaHMKM OLeHKM npodunei. Mpu nposegeHnn o606LeHHoro meta-aHanan3a AKA n EMC BbisBuan
CcU/IbHYlo accoumnaumio (p=1x107) ans oaHOHYKAEOTUAHOIro NoaMMopgdu3amMa oKo0 reHa onnouaHblx perentopoB ul (OPRM1). BbiBoabl. Halum
pesynbTaTsl NokasbiBatoT, 4To AKA u BMC, KoTopbie 40 CUX MOP CYUTaIN FTEHETUHECKN Pa3/IMYHbIMU 3a601€BaHUSIMU, MOTYT UMETb CyLLECTBEHHbIH
06N reHeTU4eCKUit KoMnoHeHT. Kom6uHupoBaHHbIe aHan3dbl AKA n BMC no3BonAT yBeanYUTb MOLHOCTb MCCAEA0BaHMIA A1 ONpeAeneHns
annenen ¢ He6oAbLWUM 3PPEKTOM, BAUAIOMX Ha 06LUME NaTOPU3NOI0rMYECKNE NPOLECChHI.

KnioueBble cnoBa: atepocknepos (atherosclerosis), reHeTudeckas anvgemuonorus (genetic epidemiology), nakyHapHbIi MHCY/bT (lacunar stroke)

Nimemuyeckuit nHCynsT (M) sIBiIsieTcs: CIOXHBIM 3a00-
JIeBaHMEM, Ha pa3BUTUE KOTOPOTO OKAa3bIBAIOT BIIUSIHUE
MHOTOUMCJICHHBIE KIIMHUYECKHE, TeHEeTUYeCKre (haKTOphl 1
(hakTopsl prcka oOpaza X13HU. XOPOIIIO NU3BECTHbI TPATUIIN-
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OHHbIE (haKTOPhI pHCKa, TaKUe KaK apTepuaibHast TUIepTeH-
3Us1, TUCIUTTUAEMUSI, caXxapHblii T1abeT U KypeHue, OaHaKO
reHeTHYeckre (hakTopbl, Ha MOJIIO KOTOPBIX TPUXOTUTCS
1o 30—40% pucka [1], u3ydeHbl HemocTatouHo. HecMoTpst
Ha TIOCJIEMHUE MOCTWKEHUSI B OOJIACTM TEHOTUITMPOBAHUS
C BBICOKOI1 ITPOITYCKHOI CIIOCOOHOCTHIO, IIPOrpece B 00J1acT
oTKphITUs TeHa MU pa3BuBaeTcst MeIeHHO M3-3a TeXHUYeC-
KOro XapakTepa peructpanuu ciydyaes MU u ero atuosnoru-
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yeckoli reteporeHHocTU. [locnennee oOycaOBIMBAET MaTo-
uznoIornYecKre padiuuuMs U ToApa3yMeBaeT Hajuvyue
TEHETUYECKNX Pa3UIMii MeXIy TalMeHTaMH, 4TO 3aTpyi-
HSIET BBISIBJIEHME T€HOB IIpenpaciioioxeHHocTy K M.

[ns obneryeHUs TUArHOCTUKU M KIMHUYECKOTO Belle-
HUsg ObUIM pa3paboTaHbl cxembl Kiaccupukaumu HMHNU
Ha nuarHoctuyeckue BapuaHThl [2, 3]. K ocHOBHBIM Bapu-
aHTaM OTHOCSITCSI aTepOCKIIepo3 KPYIHbIX apTepuil (AKA),
KapamosM0Ooauss 1 00JIe3Hh MEJIKUX COCYHOB (JaKyHap-
veii UM, BMC). [Ipu ucnoiab3oBaHUM 3TOI TOCTATOYHO
(eHOTUTIMYECKM OMHOPOMHON KaTeropusaluu B MCCeI0-
BaHUSX TMOJHOTeHOMHBIX accoumauuii (UIITA) BwigBuImn
HECKOJIbKO T€HETUYECKMX acCOLMallii, XapaKTepHbIX IS
otnenbHBIX BapuaHToB MU [4—7]. B omyimume ot atoro mpu
ooee o6o00meHHOM ompeneieHn WM ObLd BBISIBICHBI
TOJIbKO 2 3HAYMMble MOJTHOT€HOMHbIE accouuauuu [§, 9],
HECMOTPSI Ha UCIIOJb30BaHME BBIOOPOK C 5-KPaTHBIM yBe-
JIn4eHrneM pasmepa. MOIIHOCTb MCCIIeIOBaHUSI accolra-
LI 3aKJTI0YAETCSI B PABHOBECUY MEXKTY pa3MepOM BBIOOPKU
u pazmepoM 3ddekra JoKyca pucka, Ipu 3TOM TeHEeTuYeC-
Kast OMHOPOMHOCTh OKa3bIBaeT BIMSIHUE Ha ITOKA3aTe N pa3-
Mepa 3¢ddexra. Ha cerompsmaumii nens UITTA YW Opuin
COCpEeNOTOUEHbl Ha OTIAENbHBIX BapyMaHTaX MHCYJIbTA, 4YTO
MPUBEJIO K YMEHBIIEHUIO pa3Mepa BHIOOPOK U CHUKEHUIO
MOIITHOCTY HEKOTOPHBIX JIOKYCOB IMPY HAJTUYMU OOILIei TeHe-
TUYECKOI OCHOBBI Mexy Bapuantamu MU [10].

Llenb HacTOSIIIETO MCCNIENOBAaHUS 3aKiovYaaach B M3yde-
HUM TEHETWYECKUX KOPPEISIINi MEXTy TpeMsl OCHOBHBI-
mu BapuaHtamu MW ¢ ucnonbzoBaHueMm naHHbIX WMIITA
OTIEJbHBIX TAIMEHTOB M OOOOIIEHHBIX CTATMCTUYECKUX
rokKazaTeseil MeTa-aHaaIu3a MeXIyHapOTHOTO KOHCOPIIMyMa
10 TeHETHKE MHCYIbTa [6, 7] 1 KoHcopLyma Metastroke [5].
l'eHeTnyeckre KOppensiiuv U3ydaiu C WCIOJIb30BAaHUEM
IIBYX Pa3IMIHBIX METOIOB: JTMHEHBIE CMEITaHHBIE MO
(JICM) [11] 1 oLleHKa TOJIUTEHHBIX npodueii [12].

B METOAbI

UCTOYHMKM A aHHbIX

B uccnenoBanune Metastroke Bkmoumin 15 OTAEIbHBIX
uccienoBanuii ¢ ydactueM 12 389 mnanmenroB ¢ MU
u 62 004 UL KOHTPOJBHOM TI'PYIMIBI €BPOIECOUIHON pachl
(trabmuua | B MOMONMHUTENBHBIX NAaHHBIX on-line). Jletamu
MPOBENIeHNST 3TUX 15 WMcclemoBaHUiA, B T.4. METONbI T€HO-
TUMMMPOBaHUSA, (DEHOTUITUPOBAHUS M AeMorpadudecKre
JaHHbIE YYACTHMKOB OBUIM IOAPOOHO OIMMCAaHBI paHee [5].
TTaiyeHTsl U JIMIIa KOHTPOJLHOMW TPYIbI HE YYaCTBOBATM
B MPOBENEHUM KaKUX-TMOO MCCIeNOBaHUI, YTO ObLIO MOJ-
TBepKIEHO JaHHBIMU reHoTUIMpoBaHus. Clydan MHCYIIbTA
KJTaCCU(UITMPOBAJIM 110 BapUaHTaM C MCITOJIb30BaHUEM CHC-
teMbl TOAST [2], npu 3ToM uneHTUdUIIMpoBanu 2167 ciy-
vaeB UM Ha done AKA, 2405 ciyyaeB KaparoaMOOIUM 1
1854 cnyyaeB BMC; y ocTanbHbIX MALMEHTOB ObLT APYTOiA,
HeornpeneeHHbI uiu KpunTtoreHHbli reHe3 M. B kaxxnom
WCCIIeI0BAHMM OTIPEEIISIIA TEHOTUIT TAalMeHTa ¢ UCTIOJIb30-
BaHMEM CTaHIApTUM3UPOBaHHBIX NaHeneir HapMap Phase 2
wm 1000 Genomes, COOTBETCTBYIOIINE IOIOJIHUTEILHBIM
MOJEJISIM JIOTUCTUIECKON perpeccuu sl BCeX OMHOHYKIICO-
TUIHBIX noauMopdusmoB (OHII), u npencraBuiu perpec-
CHOHHbIE cTaTUcTUYecKre AaHHble ist MU u ero BapuaHTOB

(1o Bo3MoxkHOCTH). Takske ObUM AocTyrHBI faHHbie MTITA
OTJEJIbHBIX TTAIIMEHTOB B TPEX KPYIMHENIIMX BEIOOpKaX KOH-
copumyma Metastroke: 2 u3 Wellcome Trust Case Control
Consortium 2 Study (Benuko6puranust 1 MioHxeH) [6]
u Australian Stroke Genetics Collaborative 7], KoTopbie TeHO-
TUMMPOBAIY C WCIOIb30BaHMeM MaHesnel Illumina ¢ aHamo-
TUYHBIM cofepxXaHveM. Bece uccnenoBaHus 661 0MOOPEHBI
COOTBETCTBYIOIIIUMU KOMMUTETAMU IO 3TUKE, U YYACTHUKU
JTAJTA TMCbMEHHOE MH(OPMUPOBAHHOE COTJIacue.

JIuHeliHble cMeLlLlaHHble Moaenu

[aHHbIe O TEHOTHMMAaX M3 TPeX BHIOOPOK C MaHHBIMU
OTHEJbHBIX MALMEHTOB OOBEIMHWIIN IS ITONyYEHUS eIu-
HOTO Habopa ITaHHBIX C TOMOIIBIO MIPOTPaMMHOTO obecrie-
yenusa PLINK [13]. Cobmomas cTpormii KOHTPOJIb Kade-
ctBa ynamuau OHII, koTopble He TEHOTUIIMPOBAIN BO BCEX
BBIOOpKaX, ¢ >0,5% HemoCTalONIMX TAHHBIX, 3HAYEHUEM p
Xapnou-Baitn6epra <0,05, yacTOTOI MWHOPHBIX aJljielieid
<1% wnu quddepeHIIATBHBIM TPoITyckoM (p<0,05) Mexay
BBIOOpKaMU. MBI UCKJTIOUMIIM BBIOOPKU ¢ >1% HemocTaro-
WX TAHHBIX ¥ OHO M3 KaXIOM Maphl ¢ abCOTIOTHBIM 3Ha-
YeHMEM IMOJTHOreHOMHOTO cxonctBa >0,05 [14]. OcHoBHEBIE
KOMIIOHEHTHI IIPOMCXOXKIEHUST pacCCUUTAIM B 0000IIIEHHOM
BBIOOpPKE TOCJIE TPpeX MOBTOPEHMII aHaM3a IJIaBHBIX KOM-
MOHEHTOB C yAAJIEHUEM PE3KO OTKJIOHSIIOLIMXCSI 3HAYEHUIt
(>5 craHmapTHBIX OTKJIOHEHUH OT cpenHero Ha PC1-5) [15].

HacnencTBeHHOCTh M TeHETUYECKHWE KOPPEISAINU
(rg) MEXIy ITOATUIIAMHU OLEHUBAIM C HCHOJb30BaHUEM
JICM [14] ¢ BHeceHMeM MompaBoK Ha 20 IJIaBHBIX KOMIIO-
HeHToB. CTaTUCTUKY OTHOILEHMS TIPaBIOIIOA00UST TIprMe-
HSUTM JUTSI TIPOBEPKU 3HAYMMOTO OTKJIOHEHMS TToKazarteseit
ot Hyns. [lokazaTeau HaciaeayeMOCTH OBUTM TTpeobpa3oBa-
HBI B IIKaJIy OTBETCTBEHHOCTH, TIPEITOIaralonieil pacrpo-
CTpPaHEHHOCTh 3a00J1eBaHus B TeueHue Xu3uu 2% mis MU,
MPY 3TOM Ha JIOJIIO0 KaXI0TO M3 TPeX OCHOBHBIX MOATUIIOB
npuxomutcst o ~20% (Bcero 60%), copasmepHbix 0,4%
pacnipoctpaHeHHoOCTH (20% %X2%) Kaxkmoro noarua [5, 16].
OcraBmasicss pacripoctpaneHHocTh 0,8% (40% *x2%) nipen-
TTOJIOKUTENIEHO OTPaXKaeT IPYTUe TTOATUITHI MHCYIIBTA.

OueHKa noureHHoro npoduns

[Tpu o1ieHKe MOJIMTEHHOTO MPOGUIISI UCITOJIb30BAIU CTATHC-
Ky accormanu OHII 13 npencraBneHHOr0 (DeHOTHUIIA IJIST
MTOCTPOSHUST IMHEMHOTO TIPEIUKTOPA ¥ MTPOBEPKHU 3TOM acco-
LAY C TAKUM XK€ VI APYTUM (DEHOTUTIOM B HE3aBUCUMOM
BBIOOPKE MaHHBIX. 11 00JIer4eHus MHTePIIPETaliui pe3yib-
TaToB MEPEKPECTHOTO aHaIM3a BApUaHTOB MHCYJIbTA MbI CHa-
yajla OUeHWIN accolualvio oleHku npodwuneii ¢ MU u ero
TpeMsi BapuaHTaMu. B Kaxmom ciydae [Uist 3TOro MCIOJIb30-
BaJIM TPOBEPKY C UCKIIIOYEHHMEM TT0 OMTHOMY U3 TpeX HabopoB
TAHHBIX TCHOTUITOB OTIEJIBHBIX MallMeHToB. B cBoOlO ouepenpb
KaXIbIi U3 TPeX BApMAHTOB HE TIPUHUMAJIM B pacyeT U Mpo-
BonwIM MeTa-aHanu3 naHHbix UTITA ¢ ucronp3oBaHreM Beex
IPYTMX HAOOpOB JaHHBIX KOHcopuuyma Metastroke. OHII
¢ TaHHBIMU U3 >5 uccienoBaHuii Metastroke coxpaHsii 1
VIIPOIIANIN JJIsl HepaBHOBeCHOTO clieruieHus (#2>0,2 B IM0),
WICTIONB3Ys TPYIIIOBO alTOpUTM TIPOrPaMMHOTO obecrieue-
Hust PLINK [13], KoTophlii coxpaHseT HamOoJjiee acCOLM-
upoBaHHbi OHII B o6gacTyi HEpaBHOBECHOIO CLEIUICHMS.
N3 ympolieHHOro Habopa JaHHBIX Mbl M3BJEKIM MOIMHO-
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xectBa, npoieniue 10 nuddepeHIIMPOBaHHBIX TTOPOTOBBIX
sHayeHui (p,=1x10+, 1x107, 0,01, 0,05, 0,1, 0,2, 0,3, 0,4,
0,5, 1). 111 mOAMHOXECTB, IIPOLISIIINX KaXI0e IIOPOTrOBOe
3HaYeHMe, (PYHKIIMIO OLIEHKM IIPOrpaMMHOIO OOeCIeueHMS
PLINK wucnosnbp3oBanm sl pacueTa OLEHKU Ipoduuieid 1ist
Jiu1 U3 Habopa IaHHBIX ¢ TIPOMYIIEHHBIMU 3HAYEHUSIMU. DTU
MoKa3aTeau MPeACTaBIsIOT COO0N CPEAHIOI HArpy3Ky ajuie-
neit pucka Bcex OHII B o1ieHke, ¢ 101SIMU, BhIpaKEHHBIMU
B BUIE JIOTApU(UMUUYECKM TTPeoOpa30BaHHBIX OTHOIIEHUI
IITAHCOB U3 METa-aHaJIM3a OOHAPYXEHUSI.

AccollMaliuy OLEHOK Ipoduieil ¢ BapuaHTaMU MHCYJIbTa
OLIEHUBAJIM C MCIMOJb30BAHUEM JIOTMCTUYECKON perpeccuu
C BHECEHMEM TIONPABOK Ha 3 TJIABHBIX KOMITOHEHTHI MPOMC-
XOXIeHus. JIucriepcuio, OObSICHIEMYIO OLIEHKaMU, Paccum-
TaJM KaK pa3HOCTb mceBmo-R? Haiimkenkepka MexXIy Moje-
JIbI0, B KOTOPYIO BKJIIOUMJIM OLIEHKY Mpoduieir 1 OCHOBHbIE
KOMITOHEHTbI, ¥ MOJENbIO C BKJIIOUEHHEM TOJBKO OCHOBHBIX
KOMITOHEHT. Pe3ynbraThl, IMOJydeHHBIC MPU aHalM3e TpeX
LIeJIEBBIX HAaOOPOB JaHHBIX, OOBEIUHWIN C TIOMOIIIbIO MeTa-
aHajiM3a ciaydaiHbIX 3¢h(eKTOB W OLEHKU OOIIel 3Hauu-
MocTH. OO0IIyI0, 0OBSICHIEMYIO IUCIIEPCUIO OLICHUBAIN KaK
cpeIHee B3BEIIEHHOE 3HAYEHNE BEIOOPKH TICEBIO-R? MTOKa3a-
TeJieii 11eJIeBOro Habopa JaHHBIX.

JI1st OLIEHKM TIOJIMTEHHOM OOIIHOCTM MEXIy MallMeHTaMu
C pa3MMYHbBIMU BapuaHTaMyu M MBI MCITONMB30BaM TOT XKe
TIOMIXOJ, TIPY 3TOM Pa3TMYHbIe BApUAHTHI TOOYEPETHO CUNTAITI
OTKPHITUEM WM crienndudeckuMu deptamu. IIpu mpoBene-
HMM aHAJIM30B OOHAPYKEHUs U IIEJIEeBBIX aHAIM30B BBIOOD-
K1 He coBmamaau. Mcronb3ysl pe3yabTaTbl OLIEHKU Mpodu-
Jieil OLCHMIN TEHETHYeCKNe KOppersimu (r,) ¢ MOMOLLbIO
KOHIIETIIINM TE€HETUK! KOJIMYECTBEHHBIX ITPU3HAKOB [12].
IMpu a=0,05 Mbl moMy4nraM MOLIHOCTL 98% i1 OOHapyXe-
HUSI TIOJIMTEHHBIX OILIEHOK, OOBsicHAIommMX >0,2% nucnep-
CUM TP CpPaBHEHUM THIA CIydail/KOHTPOJb IS JIIO6OTro
13 M3yJaeMbIX BapMAaHTOB MHCYJIbTa, MOIIHOCTh 81—83% mist
OOHapyXeHMsI OIIEHOK, oOBbscHstomuXx >0,1% mucrepcun
(B 3aBUCHMOCTH OT BapHaHTa), ¥ MOIITHOCTh 52—54% mist oOHa-
PYXeHMS OLIEHOK, o0bsacHsommx >0,05% mucnepcun [12].

06061 eHHbIM meTa-aHanu3 AKA u BMC

O06001IECHHBIN MeTa-aHAIN3 (PUKCUPOBAHHbBIX aJUIEJIbHBIX
addekToB st AKA 1 BMC npoBoauiay ¢ UCITOIb30BaHU-
eM Metal [17] mnst 2167 caygaeB AKA, 1854 ciyyaes BMC
(Bcero 4021 cnyyvait) u maHHBIX 51 976 MWL KOHTPOJIBHOM
rpynmnbl u3 12 uccnenoBanuii (tadnauia I B AOMOTHUTEINb-
HbIX JaHHBIX on-line). JInst KOHTPOJs1 OLIMOKK 1-TO TuIIa,
CBSI3aHHOM C COBMNAIEHUEM JAHHBIX JIML KOHTPOJIBHOU
rpyrmsl it AKA 1 BMC B npenenax BbIOOPOK, IPUMEHSI-
JIM KoppeKkuuio Kopapuanuu [18]. Paccunraim MOIIHOCTH
U1 oGHapyxxeHust accounupobadHHbix OHIT [19], mpearo-

Jlarasi TOTIOJTHUTEIbHYIO MOJIENb, UIEaIbHOE HEPaBHOBEC-
HOE CIIeTICHUE MEXIy alyieNiIMU pUCKa M MapKepHBIMU
aJUTeJIIMU TIpU YPOBHE 3HaUnMMocT a=>5X% 10, [{1s1 reHeTH-
YeCKOI'0 OTHOIIIEHHSI PUCKOB B 1,2 MBI OJIyYUIA MOIITHOCTh
37%, 89, 98 u 99% nns BBIABIEHUS ajUleNieil pyucKa ¢ Jac-
totoii 0,1, 0,2 u 0,3 no 0,5 cooTBeTcTBeHHO. JIJIsI MCTUH-
HOTO OTHOIIEHUST pUCKOB B 1,1 MOITHOCTD OblTa HU3KOM 1
BapbupoBanack ot 0,2 o 10% B 3aBUCUMOCTH OT YacCTOTHI
BCTPEYaeMOCTH aJljiesIeii.

B PE3YJ/IbTATHI

JInHelHble cMmellaHHble MoAeNnn

[Tocne cTpororo KOHTPOJIS KayecTBa ObLIM TOCTYITHBI TaH-
Hble T€HOTUIIA OTAEIbHBIX MalKMeHTOB Mt 4561 ciyyas MU
n 7094 nuIl KOHTPOJBHOM TpyIIIbl (Tabmuia) Ha 345 336
HernocpencTBeHHo reHotunupoBaHHbix OHII. Ipu ucnons-
3oBaHuM JICM paccuuMTaHHas OOJSI TUCTIEPCUM B MOJEIU
ciyyaii/Kontponb obbacHsemas OHIT (h? ) Gbuta 3HauM-
MOI1 17151 BceX BapMaHTOB MHCYJbTa (Tabnuua 11 B noronHu-
TeJIbHBIX JAaHHBIX on-line). bomnee BbicOKME 1 Oojiee 3HAUMMbIE
3HaveHus 6bu nomydensl as UU (2, =0,18; p=1x10"1),
AKA (#*,,=0,19; p=2x10") u kapauoambomuu (1, ,,=0,24;
p=2%10"°) B TO Bpems#, Kak rokasaresb it BMC 6bu1 Huxe
(75 =0,10; p=0,04).

JI1s1 OLIEHKM TEeHEeTUYECKON KOppPesiuu (rg) MEXIy Baph-
aHTaMHW WHCYJbTa JaHHBIC JIUI KOHTPOJBHOM TPYIIIBI CIIy-
YaifHbIM 00Pa30M pacrpenesIvIn B OHY U3 ABYX TPYIIIT Malu-
€HTOB C Pa3JIMYHbBIMU BapMaHTaMU MHCYJIbTa B KaXIOM aHa-
Juze. [Ipouecc pacrpeaeneHust U aHaau3 moropsui 10 pas
M TIONYYMJTM CpelHee 3HAUYeHUE U CTaHIApTHOE OTKJIOHEHUE
roKasaresieil OlleHK! U cpeaHue ctaHnapTHeie ook (CO)
(tabmumma 111 B monoHUTEIEHBIX JaHHEIX on-line). 3HaueHne
r, OBLIO CaMbIM BBICOKUM ¥ 3HAYUTE/IbHO OTINYATIOCH OT HYJIsI
mexny AKA 1 BMC u cocraBuiio 0,96 (CO=0,059, p=9x10%),
XOTs1 OOnbliast craHmapTHast omunb6ka (0,47) ykasbiBaeT
Ha HU3KYI0 TOYHOCTb. Hu3Kasi, HO HOMUHAJILHO 3HaYMMast
Koppensaius Habmonanach Mexay AKA n kapnmuoambomnueit
(rg=0,39, C0=0,21, p=0,024) 1 Mexnmy KapauodMOoImei, n
BMC (rg=0,64, C0=0,40, p=0,017).

OueHKa nosMreHHoro npodunsa

Xorst JICM aHanu3bl ObUIM OTpaHMYEHBI BBIOOpKAMU
C IaHHBIMU TEHOTUIIOB OTHEIbHBIX TMAIMEHTOB, IJIS1 OLIEH-
KU Mpoduiieil MOXHO MCITOJIb30BaTh BHIOOPKM KOHCOPIIMY-
Ma Metastroke ¢ 0000IIEHHOW CTaTUCTUKON MeTa-aHaJM30B
obHapyxeHus1. [Ipu mpoBeaeHUU aHAIM30B B paMKax Bapu-
antoB MU, onenxku npoduneir mis MU, AKA u kapauo-
SMOO0JIMU TPONEMOHCTPUPOBAIM HAJW4YUE CUJIBHOW acco-
IMAAlMM C TeM Xe TMPU3HAKOM B HE3aBUCHMBIX LIEJIEBbIX

Ta6nuua. Boi60pKM naymMeHToB C UILEMUYECKUM MHCY/IbTOM, MCMO/1b30BaHHbIE AJ15 MPOBEPKU OLIEHKU MOJIMIrEHHbIX Mpodunen

UccnepoBanue nn AKA Kapavnoam6onus BMC KoHTponbHas rpynna
ASGC 1071 375 226 287 1212
WTCCC2-Munich 1140 338 322 104 775
WTCCC2-UK 2350 494 450 471 5107
Bcero 4561 1207 998 862 7094

NMpumeyanue. ASGC — Australian Stroke Genetics Collaborative; UM — uiwemmnyeckunit uHCynbT, AKA — aTepocknepos KpynHbix aptepuit, BMC — 601e3Hb MeKux

cocyaos, WTCCC2 — Wellcome Trust Case Control Consortium 2 Study.
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BbiOOpKax (Tabmuubl IV=VI u puc. I B monogHUTEIBHBIX
naHHbIX on-line). [Ins U cunbHyto CBSI3b HAOIIOMAIM TIOYTH
BO BCeM pacmpene/ieHny 3HaueHus p. [Ipr 3ToM MakcuManb-
Hag accoumauus Habmopanack npu p <l (p_ =1,1x10%),
TUMUYHOM UISI OTHOCUTEIbHO HEOOJbIIONH BHIOOPKM OOHAa-
pyxeHust [20]. B 1ieneBbIX BBIOOPKAX CyIIeCTBOBaIa HEOO b~
mas rereporeHHoOCTb. st AKA MakcrManbHast accorarust
@, =1,7%10%) mabmonanace npu p <0,05 ¢ oTcyrcTBHEM
reTeporeHHoCTH. [ KapamoaMO0Iuy MaKCUMalbHas acco-
uuaumns (p =2%10) Habmionanach B OTHOLIEHMH IIpe-
mukTopoB, BKmodas OHII, mocturmmx p <0,001 u p <0,01
6e3 rereporeHHocTH. L1t Bcex Tpex BapuaHToB MU orienka
nipocuieit 00bsICHSIa HEOOBIIIYIO YaCTh HAOIIOAEMOI TUC-
TIepPCUM B MOIEJIM CITy4aii/KOHTPOJIb U ObLIa caMOl BBICOKOI
st AKA (niceBno-R*=0,45%) n camoii Huskoi mis BMC
(iceBno-R>=0,05%). Cnemyer TakXe OTMETUTbh, YTO OLIEHKU
¢ yuetoM BMC He 6b111 accormupoBanbl ¢ BMC B 1ie1eBbIX
BBIOOpKAX M Ha MHOTUE U3 HUX OKa3biBajia BIMSHUS IeTepo-
TeHHOCTb MeX1y ucciienoBanusmu (tadiauima VII B nomonHu-
TEJIbHBIX IaHHBIX on-line).

[Tpu mpoBeneHNM aHATKM30B MO BapUaHTaM WHCYJIBTAa OOHA-
PYXWIY 3HAYMMYIO OOLITHOCTD MOJTUTEHHBIX MPOMUIei MeXITy
AKA u BMC (tabmuusl VIII u IX u puc. 1l B gomosHu-
TeJIbHBIX JaHHBIX on-line). BONbIIMHCTBO OLIEHOK Mpodueii
npu BMC Obutn accormupoBanbl ¢ AKA 6e3 rereporeH-
Hoct. Hanbormbimast accormalysi Habmomanach Mpy OlieHKe
¢ BkmoueHueM ~36 000 OHII, mocTWrmmx p BBISIBICHUS
<0,1 (p,,,=2%10*), xoTopble 06bsicHsM 0,19% Habmonaemoit
IUCIIEPCUU B MOIEU ciiydaii/KoHTpoib mipu AKA. Tlpu mpo-
BeICHNM 00paTHOro aHaiau3a 3 oueHKM npoduneit npu AKA
obutn accounrpoBanbl ¢ BMC npu p<0,05, HanpuMep olieHKa
¢ sxmodenreM ~20 000 OHIT, mocturimx p, <0,05 (p =0,032,
R*=0,08%). [To pe3yapTaTaM aHAIM30B APYTUX ABYX TIap Bapy-
antoB MU (AKA u kaparoam6o:mus, KaparoaMoomss 1 BMC)
He BBISIBWJIM COBMECTHOI accoLMalliyd OLIEHOK Ipoduiieit
(tabmuupl X—XIII u puc. 111 v IV B 1oMOJHUTETBHBIX TaHHBIX
on-line).

[Tpu ucrons30BaHUM PE3yIHTATOB OLIEHKU Mpoduieit mpu
AKA, paccuntannas nons gucnepcun AKA, oObscHseMas
ollcHKaMu, Haunbonee TecHO cBsi3aHHBIMM ¢ AKA nm BMC
(»,=0,05), cocrapuia 12,8% (Tabmmua V B IOMOTHUTENBHBIX
HOaHHBIX on-line). Ouenku mnpodwieit npu BMC He Obun
accouuupoBanbl ¢ BMC B 1iefieBbIX BbIOOpPKaX, HO OIIEHKa,
B HauOosblIel cTeneHu accouunposanHas ¢ AKA (p =0,1),
obbsicHsu1a 0,8% mucniepcu otBeTcTBeHHOCTH Tpr BMC (Ta6-
qmuua VII B JOMoMHUTENBHBIX JaHHBIX on-line). Ilpu ucmoib-
30BaHUU TUX OLIEHOK U PE3yJbTaTOB HAOIIONAEMOI acCOIM-
auuMyM Mexmay BapuaHtamu MU, paccunTaHHasi reHeTH4ecKast
xoppensusg [12] mexmy AKA m BMC cocraBuia rg=0,72
M JOCTOBEPHO OTIMYanach oT Hyma (95% moBepuTENTbHBIN
unrepsai [[IW] ot 0,52 no 0,92). Koppensus ¢ yaetom OHTIT
HEeCYIIECTBEHHO oTInyaiach oT Hynd it AKA u xapanosm-
Gonmuu (rg=0,13, 95% OU ot 0 no 0,56), mim KaparoaMOOIur
u BMC (rg=0,64, 95% AU ot 0 1o 0,92).

KonunyecTBeHHbIA aHa/IM3 CUCTEMATUYECKOW OLLUMOKHU:
owmn604YHaa KnaccupuKaumsa NayMeHToB C Pas3IMYHbIMU
BapuaHTtamu UU

AHanau3 cUCTEMAaTUYeCKON OIIMOKU IPOBEJIM C ILEIbIO
OLIEHKU CTEeNeHU, B KOTOPOH IeHEeTUYecKasi KOppeasiius

(r,) mexxy AKA 1 BMC MoxeT GbITb ClIeICTBIEM OLIn604-
HOM KiTacCM(UKAIIMK TAllMEHTOB 1O BapUaHTaM MHCYJIbTa
[21] (cMm. pasmen «Metombl» n Tabaumy XIV B momonHu-
TEJIbHBIX NaHHBIX on-line). YUUTBHIBas, 4TO OIIMOOYHAS
KjaccuduKaluys naiyMeHToB mo BapuaHTamMm MU coot-
BETCTBYET INPUBEICHHBIM IOKA3aTeNsIM MEXIKC-MePTHOMI
HAJeXKHOCTH [22], r, TIO-TIPEXHEMY 3HAYUTEIbHO OT/IMYa-
J1ach oT Hyis. [Ipy npearnoaoXeHnu, 9YTo BCe HEeTPaBUIIb-
HO KjaccupumpoBaHHble cirydan AKA ObLIv, OEHCTBU-
tenbHO, BMC, 1, Ha000pOT, ITOKa3aTeb COCTABUII rg=0,63
(95% U ot 0,34 1o 0,74). I1pu npeAnoaoXeHUH, YTO BCE
HeNpaBWIbHO Kjaccu(UIIMpOBaHHbIE clydyau ObLIM HU
AKA, n1 BMC, nokasarens cocrasui r,=0,75 (95% U ot
0,43 10 0,98). DTO CBUAETENBCTBYET O HAAEXKHOCTH HAOTIO-
JTaeMOM TeHETUYECKOM KOPPEISIMU C BEPOSITHBIMU YPOB-
HSIMU OIIMOOYHON KiIaccH(UKAIIMM TTAIIMEHTOB B TPYIITIHI
no BapuaHtam UN.

MeTa-ananus UMIFA AKA v BMC

YuutbiBasi [oKa3aTeabCTBa HAIMYMS OOIIMX PpacIpocTpa-
HEHHBIX TeHETUYECKMX BapUMAHTOB MEXIY MNalueHTaMU
¢ AKA u BMC, npoBeu 000011IeHHBII MeTa-aHanmu3 AKA
u BMC (puc. V u VI B 1ononIHUTEILHBIX TaHHBIX on-line).
HecMotpss Ha To uro OHII He mOCTMIIM TIOJIHOT€HOM-
HOM 3HAUMMOCTH (p<5%10-%), 3HauMTeIbHAS aCCOLMALIMS
(p=1x10"B rs17084671; p=2%10"B rs6938958 u rs7763080)
Habmoxanock st Kiactepa OHII B xpomocome 6g25.2 (Tad-
Juia XV B IOMOJHUTENIbHBIX JaHHBIX on-line), Ha =100 KO
BBIIIIE TeHA ONMUOMIHBIX perienTopoB w1 (OPRM1).

B OBCYXKAEHME

WIITA VY BeISBAIM BaXXHOCTh JUATHOCTMYECKOM Kirac-
cubukanuu MW Ha BapuanTel. TeM He MeHee MCIIONb-
30BaHME JAHHBIX MALMEHTOB C OTAEIbHBIMM BapUaHTaAMU
N npuBOOUT K YMEHbBIIEHUIO pa3Mepa BHIOOPKU U TMpea-
ToJiaraeT OTCYTCTBUE ajUlesiell pucKa, BIUSIONIMX Ha PUCK
pa3BUTHs cpasy HecKojbkux BapuaHTtoB UW. C ucrnonb3o-
BaHMEM HEKOTOPBIX U3 KPYMHEWUIIUX CYLIECTBYIOIIUX KOJI-
nekuuit UTITA u nByX pasiamyHbIX aHATUTUIECKUX ITOAXO-
OB B HACTOSIIIEM HCCJIENOBAHUU MPOIEMOHCTPUPOBAIU
HaJIM4uKe BBIPAKEHHOM OOIIHOCTU TeHOB y MauueHToB ¢ MU
Ha ¢oHe AKA 1 manMeHToB ¢ MopakeHueM MeJIKMX COCYIIOB.
CoryiacHO HalllUM OLIEHKaM, TeHeTHuYecKass KOppessius
MEXIy 3TUMU TOATUIIaMU TipeBbimaeT 0,7, HO MPU UCIIOJb-
30BaHUU OoJjiee KPYMHBIX BHIOOPOK TOYHOCTh 3TON OLEHKU
TTOBBICUTCS.

Mpb1 cobatoaanyu 0OCTOPOXKHOCTb B yCTPAHEHUU MOTEHLIM-
aJIbHBIX NCTOYHUKOB CUCTEMATUYECKON OLIMOKYU MPU TPO-
BeJIeHUM aHAIM30B. [{J151 TeHeTMUECKUX TaHHBIX OTAEIbHbBIX
MalMEHTOB TJaBHBIM KpUTEPUEM OBLIO MX €BpOIMelcKoe
MPOUCXOXJIEHUE, a OCHOBHbIE BapUAHTBI NMPOUCXOXKIEHUS
BKJIIOUWJIM B KAauyecTBe KOBapuaT. Mbl Takxke MPOBEPUIIH,
YTO TOJIOXUTENbHbIE 3(@MEKTH OLIEHKU MPUCYTCTBOBAIU
B HECKOJIBKHUX 1IEJIEBBIX UCCIETOBAHUSIX U HE OBLIM MOJTyde-
Hbl B OJJHOM €IUHCTBEHHOM uccienoBaHuu. OmnOouHyI0
KJ1accudUKAIMIO CTy4aeB MHCYIbTa IO BApMaHTaM, CorJiac-
Ho kputepussM TOAST, cunTaayu OCHOBHBIM ITOTEHIIUAIb-
HBIM MCTOYHHKOM OINMOOK, moroMy uTro MPT, koTtopoe
MO3BOJIIET MOBBICUTb TOYHOCTb JUATHOCTUKM, OCOOEHHO
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npu BMC, ucnonb3oBanu misd ornpeneseHUs] BapuaHTa
WU Ttonbko B *50% ciyuaes [5]. OqHako mo pe3yjabTaTaMm
aHaIM3a YyBCTBUTEIBbHOCTH TIPENTIOIOXUIIU, YTO TUTTAYHAS
yacToTa OIIMOOYHOU Kiaccudukamuy OyaeT OKa3bIBaTb
MHUHUMAaJIbHOE BO3JEWCTBUE Ha MpeAarnojaraeMble Koppe-
JISIIUH.

Hecmortpst Ha To uTO o1ieHKM Tipoduieit mpu BMC He mipo-
NEMOHCTPUPOBAIM 3HauMMo# accoumauun ¢ BMC, oHu
obuM cBsizaHbl ¢ AKA 110 pesynbTaTtam MepekpecTHOTO aHa-
mm3a BapuaHToB MUW. Ilpu mpoBeneHMM DOMOIHUTEIHLHOTO
aHajr3a, B KOTOPOM MCIT0JIb30BaId 00J1€€ MOIIIHYIO BEIOOPKY
st ooHapyxeHus AKA, ouenku npoduieit mpu AKA noka-
3aju Haimuue 3HaunMoit acconmaiuu ¢ AKA u BMC. Dr1o
He 03HaYaeT OTCYTCTBUE COITACOBAHHOCTHU WJIM TOJTUTEHHOMN
apxutektypsl BMC. [leiicTBUTENBHO, 11O Pe3yIbTaTaM Hallle-
IO ¥ paHee IMPOBEISHHOTO aHaln3a ¢ ucmojb3oBanrem JICM
[1] obHapyxwumu 3HaunMyro OHII-ocHoBaHHyI0 Haciemye-
Moctb 111 BMC. Ha pe3ynbrathl oligeHKY npoduiieii oka3bl-
BaJIi BIIMSIHUE pa3Mep BbIOOPKU M (DEHOTUIMYECKAsl OIHO-
POITHOCTD 1ieJieBbIX BapuaHToB. Yucio ciyyaeB BMC 6bL10
caMbIM HEOOJBIIMM, KPOME TOTO, OHU OTIMYATUCH (heHo-
TUITAYECKOU reTeporeHHOCThIO. [Ipy MpoBeneHnr aHaTM30B
npoduieil uckmounTeabHo B pamkax BMC atu dakropsl
CHU3SIT TOYHOCTb MOJUTEHHBIX TPEANKTOPOB U CTATUCTAYEC-
KYIO MOIITHOCTb B LIEJIEBBIX BRIOOPKaX.

Honsg nadmonaeMoii gucriepcun AKA u BMC, o6bsicHsie-
Mas onieHkamu nipodueit BMC u AKA (miceBno-R?), cocra-
Buna 0,2 u 0,08% cooTBeTCTBeHHO. XOTSI 3TH IOKAa3aTeIn
SIBJISIIOTCSI HU3KMMU, 3TO HE O3HAYaeT, YTO UCTUHHAS TeHe-
THYECKasi OOUIHOCTh He3HauuTenbHa. [lyTeM oObeauHeHUs
OIIMO0K BEIOOPOK B olieHKe 3¢ dekra Bcex OHII B o6mIyio
OLICHKY, OLIEHKM Mpoduieil MOo3BOJSIOT MOJYYUTh IMOKa-
3aTein OOBSICHAEMON AUCTIEPCUM, KOTOPhIE, KaK MPaBUJIO,
HUXe, 4yeM UCTUHHBIe 3HavyeHus [20, 23], ¢ TeHmeHIMe
K POCTY I10 Mepe yBeIMYeHHs pa3mepa BeI0opKH. I1ceBno-R?
roKas3aTeJIu /Uit OMHApHBIX BAPUAHTOB OYIET TPYIHO MHTEP-
MPEeTUPOBaTh, MOCKOJBKY OHM MOTYT 3aBHMCETh OT (akTa
pPETMCTpalMK CIyyaes, T.e. OT JOJIU CJIydaeB B BhIOOpKe [24].
Pesynbratsl onieHku npoduiieit NCTOIb30BAIN IS OLIEHKU
OOBSICHSIEMOM MUCIIEPCUM B MAacCIITabe OTBETCTBEHHOCTU
U TEHETUYECKUX KOPPEJSILUNA C MCIOJb30BAaHUEM TEOPUU,
YYUTBIBAIOLIEN pa3Mep BHIOOPKU U YCTAaHOBJIEHHE CITYYaes.
Hanpumep, npu AKA, riceBno- R? 1UtT MaKCUMAaJTbHOM OLIEH -
Kku npodwisa coctaBuna 0,48%, HO paccynTaHHasT AMCIIEP-
cust AKA, oObsIcCHSIEMast OLIEHKOM ¢ BHECEHMEM IIOIPABOK
Ha pa3Mep BBIOOPKM M YCTAHOBJIEHUEM CIIy4aeB, COCTaBUJIA
12,8%. TakuM 06pa3oM, ImoKaszaTean 00bICHIEMOI HaOIIO-
JAeMOM TEePEeKPECTHON KOppeIsiiud BapuaHTOB WHCYJIbTA
MaJibl, HO OHM MOTYT 03Ha4aTh 1 00Jiee BHICOKYIO TeHeTUYEC-
Kyto Koppensauuto. [Ipu oligHKe TeHeTMYeCKOW KOppessinu
B TOM X€ Habope MaHHBIX OTMETUJIM YETKYIO COIJIacOBaH-
HOCTh MeXIy pe3yJbTaTaMu olieHKu mpoduieit u JICM [25].
B HacrosiiieM uccnenoBaHMM NMPUMEHEHWE METONA OLEH-
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BaTh BBISIBJICHUIO OMOJIOTUYECKUX MEXaHU3MOB, OOILIMX TSI
3TUX TPATULIMOHHO Pa3IUYHBIX KIMHUYECKUX CUHIPOMOB.
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