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Supplemental Methods

Assessing SNP enrichment at nominal P-value thresholds in kidney trait GWAS results

We assessed the extent of SNP enrichment at each threshold, as an initial assessment of
polygenicity for each kidney trait. Under the null hypothesis of no SNPs being associated, the
distribution of genome-wide P-values is uniform on [0,1]. Alternatively, under polygenic
inheritance, the distribution of P-values will be more weighted towards 0 and the proportion of
SNPs passing nominally significant P-value thresholds will exceed expected values. For each
trait, the expected and observed numbers of SNPs passing each threshold were recorded with the
quotient (observed/expected) reflecting enrichment as a fold-change compared to the null.

Multiple testing adjustment

For each of the three kidney traits, 10 overlapping SNP sets were used for polygenic scoring.
Across the three kidney traits, the effective number of independent tests (Me kianey) represented
among the 30 correlated scores was estimated using the method proposed by Galwey *, based on
eigenvalues of the 30x30 correlation matrix of polygenic scores calculated for the IS sample.

Within the four stroke traits, the effective number of independent tests (Mess stroke) Was estimated
using the Galwey method based on eigenvalues of the 4x4 correlation matrix of SNP effect (beta
coefficienzt) estimates from a previous GWAS meta-analysis of ischaemic stroke and its
subtypes “.

The total number of independent tests was estimated as Mett = Mt stroke X Mt kidney- POlygenic
score P-values were compared with a study-wise significance threshold derived from M using
the Sidak adjustment: o= 1 — (1 —0.05)"Mef 2,

The number of effectively independent polygenic tests among the 30 kidney-based polygenic
scores was 12.53 and among the 4 stroke traits was 3.67, yielding 46 independent tests and a
study-wise significance threshold of a=0.001.



Identifying individual SNPs associated with kidney or stroke traits

As a secondary analysis, we conducted targeted, cross-trait analyses for individual SNPs
previously associated with kidney traits or ischaemic stroke subtypes. Associated SNPs were
identified in the NIH *“Catalog of Published Genome-Wide Association Studies” using the
disease/trait definitions “Glomerular filtration rate, Renal function and chronic kidney disease,
Renal function-related traits, Urinary albumin excretion (eGFRcrea), Stroke and Stroke
(ischemic)”, and a significance threshold of 5x10°®. Original publications were also searched to
corroborate results. Kidney trait-associated SNPs were assessed for association with ischaemic
stroke subtypes using results from the Metastroke Study 2. Stroke-associated SNPs were
assessed for kidney trait association using meta-analysis results for eGFRcrea, eGFRcys and
UACR. The number of effectively independent tests (Metr) among all SNPs was estimated using
the Nyholt method * based on observed patterns of linkage disequilibrium in WTCCC2-UK
gontrols. The adjusted significance threshold was derived from Mg using the Sidak adjustment

We identified 40 SNPs showing genome-wide association (P<5x107®) with eGFRcrea, eGFRcys
or UACR in previous GWAS (Table 1) and seven SNPs previously associated with ischaemic
stroke subtypes (Table I11). The number of effectively independent SNPs among these 47 total
SNPs was 40 *, yielding an adjusted significance threshold of 0.0013. One kidney-associated
SNP (rs653178 near the SH2B3 gene on chromosome 12) showed significant evidence for
association (one-sided P=2x10) with large artery atherosclerotic stroke (LAA). The same SNP
also demonstrated nominal evidence for association with SVD (P=0.003). In both cases, the
allele (C) indicative of decreased GFR correlated with increased stroke risk, consistent with
epidemiological evidence. This SNP — located near the immune-related SH2B3 gene on
chromosome 12 — is a pleiotropic variant also associated with blood pressure °, and retinal
vessel calibre in the previous CKDGen cross-trait analysis °. It also reached genome-wide
significance (P<5x10®) in a recent large GWAS of broadly defined ischaemic stroke ’.

Of the seven stroke-associated SNPs, none were significantly associated with kidney traits after
multiple testing adjustment. Two SNPs (rs2200733 and rs6843082 near PITX2 on chromosome
4) associated with cardioembolism were nominally associated with eGFRcrea (one-sided
P~3x107%), but this result may be due to chance.

Description of simulation study to estimate the probability of observing ten polygenic score
effects in the expected direction by chance for each kidney trait

For each kidney trait we performed 10,000 simulations. Each simulation produced a set of ten
sequential effect directions from logistic regression tests of permuted case-control status against
randomly generated, overlapping polygenic scores.

For each kidney trait, the set of ~220,000 approximately independent SNPs passing Pinresholg=1
was used as the base set. From these, we randomly selected M SNPs, where M was the observed
number of SNPs reaching Pinreshold<0.5. This process was continued for decreasing P-value
thresholds (Pinreshola=0.4, 0.3, 0.2 etc) to generate ten sets of SNPs of the same size and with the
same number of overlapping SNPs as observed in our actual study. Using these ten SNP sets,
polygenic scores were calculated for 500 randomly selected WTCCC2-UK control samples, to
which case or control status was randomly assigned in a 1:6 ratio to reflect the mean, observed
case:control ratio for ischaemic stroke subtypes. Logistic regression of case-control status on the
polygenic score was performed for each of the ten scores, and the observed sign of the estimated
log-odds ratio (+/-) recorded across the ten tests.



Of the 10,000 simulations performed for eGFRcrea, 804 (P=0.080) produced a set of ten
negative effects (one-sided test to accord with prior epidemiological evidence). For eGFRcys
674 simulations (P=0.067) produced ten negative effects. For UACR, for which increasing
values correlate with increased CVD risk, 688 simulations (P=0.069) produced a set of ten
positive effects.

Estimating the probability of observing consistent effect directions for three of nine hypothesis
sets

Excluding results for broad IS, which is non-negligibly correlated with stroke subtypes, we
conducted three sets of approximately independent stroke subtype tests for each of the three
kidney traits. Among these nine sets of tests, we observed three in which consistent effects in
the expected direction were uniformly observed (eGFRcrea-LAA, UACR-LAA, and UACR-
SVD). For a binomial distribution with sample size nine and probability of *success’ 0.072
(mean of empirical probabilities above) the probability of three or more “successes’ is 0.023, or
about one in every 45 studies such as this (see below). This simplifying model assumes accuracy
of the ‘success’ probability and independence among stroke subtypes and kidney traits; thus the
result is approximate. Nevertheless, it suggests the consistent effects underlying the nominal
associations are unlikely to have arisen simply by chance.

If a random variable X follows a binomial distribution with parameters n and p, the probability
of observing exactly k successes is:

— — n k _ -k
Pr(x = k) = () @ (1 -p)"
Thus, for parameter values n=9 and p=0.072, the probability of exactly three successes (k=3) is:
9
Pr(X =3) = (3) (0.072)3(1 — 0.072)°73 = 0.020

Summing probabilities for discrete values of X, the probability of observing three or more
successes (k > 3) is:

9
(k) (0.072)%(1 - 0.072)°7% = 0.023

Nk

Pr(X =3) =
k=3



Supplemental Tables

Table 1. Characteristics of studies included in discovery GWAS meta-analyses of eGFRcrea and

eGFRcys
Sample Sample eGFRcrea eGFRcys
Study size size Vg?gﬁ” nw;ﬁ?;D) [mi/min/ 1.73 m?]  [ml/min/ 1.73 m?]
eGFRcrea  eGFRcys 0 mean(SD) mean(SD)
AGES 3219 NA 58.0(1867)  76.4(5.46) 73.0(20.0) NA
Amish Studies 1211 783 48.9(592)  49.5(16.9) 93.7(19.7) 114.9(18.0)
ARIC 8982 7145 53.1(4767)  61.8(6.1) 81.4(17.5) 84.2(19.7)
ASPS 848 NA 56.8(482) 65.2(8.0) 96.5(39.9) NA
Baltimore
Longitudinal
Study of Aging 723 NA 46.1(333)  70.4(15.2) 80.3(23.1) NA
(BLSA)
Cardiovascular
Health Study 2820 2475 61.3(1729)  71.9(5.0) 77.3(20.8) 81.0(17.9)
(CHS)
ERF 2079 NA 56.3(1171)  49.2(14.0) 93.5(21.4) NA
Family Heart 883 NA 51.1(451)  55.5(11.1) 88.5(19.4) NA
Study (FamHS) ' ' ' ' '
Framingham
Heart Study 7782 2992 54.3(4229) 51.2(14.0) 91.7(21.7) 83.8(17.8)
(FHS)
GENOA 1163 NA 56.3(655) 59(10.2) 87.7(24) NA
Health ABC 1663 1663 47.1(784) 73.8(2.8) 71.2(14.8) 77.0(19.9)
Health
Professionals
Follow-Up 818 NA - 64.7(8.3) 85.2(22.7) NA
Study (HPFS)
KORA F3 1641 1642 50.5(831)  62.5(10.1) 83.9(21) 111.8(26.3)
KORA F4 1814 1811 51.3(930) 60.9(8.9) 85.1(20.2) 109.7(26.2)
Korcula 888 NA 64.0(568)  56.3(13.9) 87.3(20.6) NA
Microisolates in
South Tyrol 1201 1198 56.5(678)  46.2(16.1) 94.6(20.9) 107.4(23.8)
(MICROS)
Northern
Sweden
Population 565 NA 53.1(300)  51.7(18.3) 91.0(22.1) NA
Health Survey
(NSPHS)
Nurses' Health
Study (NHS) 786 NA 100(786) 59.5(6.5) 86.2(22.1) NA
Orkney
Complex
Disease Study 704 NA 53.6(377)  54.2(15.2) 89.4(20.7) NA

(ORCADES)




Popgen 1163 NA 44.4(516)  54.8(13.9) 88.1(18.8) NA

Rotterdam
Study — | 4390 NA 61.4(2696) 70.0(9.0) 77.1(17.2) NA
Rotterdam
Study — I1 1863 NA 54.5(1015) 64.8(8.0) 81.3(17.2) NA
SHIP 3228 3228 51.7(1670) 54.5(15.3) 90.4(23.6) 97.1(25.3)
Sorbs 856 NA 58.5(501) 48.8(15.7) 92.2(19.0) NA
Vis 768 NA 58.6(450) 56.9(15.2) 88.2(22.1) NA
Women’s
Genome Health 21940 NA 100(21940) 55(7.1) 90(22.5) NA
Study (WGHS)
Total 73,998 22,937

Note: Further study-specific information is provided in the original publication by Pattaro et al ®

Table I1. Characteristics of studies included in the discovery GWAS meta-analysis of UACR

Stud Sample size Women Age UACR
y UACR % mean median(IQR)
Amish Studies 744 45 42.8 3.8(2.2,6.1)
ARIC 6525 53.1 63.1 3.9(2.0,7.7)
Baltimore Longitudinal Study of
Aging (BLSA) 354 46.9 69.8 7(4.4,11.0)
Cardiovascular Health Study (CHS) 1865 60.8 71.2 9.3(5.3,19.9)
Colaus 5311 53.2 53.4 5.1(3.4,9.1)
EPIC 2371 53.3 59.2 3.6 (1.5,8.3)
Fenland 1398 56.2 44.9 45(3.2,7.1)
Framingham Heart Study 6523 53.2 47.6 4.6 (2.6,9.9)
KORA F3 1530 50.5 62.5 4.9(2.1,11.1)
KORA F4 1803 51.3 60.9 10.7 (7.0, 18.4)
Microisolates in South Tyrol
(MICROS) 503 56.3 46 NA
SHIP 2653 48.9 55.3 8.9 (5.0, 20.6)
Total 31,580

Note: Further study-specific information is provided in the original publication by Boger et al °



Table I11. Estimates of case/control variation (R?) explained by profile scores for each
discovery kidney trait and validation stroke subtype combination.

eGFRcrea eGFRcys UACR

Pireshod.  LAA CE SVD LAA CE SvD LAA CE SVD

0.0001 0.01% 0.01% 0.03% <0.01% 0.01% 0.02% 0.04% 0.03% 0.14%
0.001 0.12% 0.01% 0.13% <0.01% 0.01% 0.03% 0.11% 0.05% <0.01%
0.01 0.13% 0.01% 0.05% <0.01% 0.02% <0.01% 0.07% 0.02% 0.03%
0.05 0.26% 0.01% <0.01% 0.02% 0.01% 0.02% 0.06% <0.01% 0.02%

0.1 0.12% <0.01% <0.01% 0.13% 0.01% <0.01% 0.03% 0.01% 0.03%
0.2 0.09% 0.01% 0.01% 0.05% <0.01% <0.01% 0.03% <0.01% 0.02%
0.3 0.08% 0.01% <0.01% 0.03% <0.01% 0.01% 0.02% 0.01% 0.01%
0.4 0.08% 0.02% 0.01% 0.03% <0.01% 0.01% 0.02% <0.01% 0.01%
0.5 0.09% 0.01% 0.01% 0.03% <0.01% 0.01% 0.02% <0.01% 0.02%

1 0.10% 0.02% 0.02% 0.03% <0.01% <0.01% 0.02% <0.01% 0.01%

Notes: The proportion of stroke case-control variation explained by each polygenic score (R?)
was estimated as previously described for fixed explanatory variables in mixed effects logistic
models *°. The percent variance attributable to the score was calculated by estimating the R?
associated with all fixed effects (polygenic score and three principal components), and
subtracting the R? for principal components calculated in @ model that included only principal
components as fixed effects.



Table IV. Association of eGFRcys-based polygenic scores with ischaemic stroke

Ischaemic stroke LAA* CE* SVD*

Pthresho.(fr NSNPJ P Direction® P Direction P Direction P Direction
0.0001 144 0.70 + 0.60 + 0.71 + 0.77 +
0.001 803 0.35 - 0.65 + 0.35 - 0.22 -
0.01 5,968 0.39 - 0.41 - 0.22 - 0.63 +
0.05 22,807 0.38 - 0.27 - 0.28 - 0.84 +
0.1 40,551 0.24 - 0.07 - 0.30 - 0.74 +
0.2 71,653 0.35 - 0.14 - 0.38 - 0.70 +
0.3 98,626 0.38 - 0.16 - 0.42 - 0.72 +
0.4 122,702 0.41 - 0.16 - 0.45 - 0.73 +
0.5 144,116  0.38 - 0.14 - 0.50 + 0.73 +
1 214,626  0.39 - 0.16 - 0.46 + 0.66 +

“LAA, large artery atherosclerosis; CE, cardioembolism; SVD, small vessel disease.
"Threshold for selecting SNPs into the score. * Number of SNPs forming the score.

% Indicates whether a score predicting higher values of the kidney trait predicts increased (+) or
decreased (-) stroke risk.



Table V. Association with stroke subtypes for SNPs previously showing genome-wide
association with kidney traits.

Kidney trait ™ SNP Chr Position Al P(LAA) P(CE) P(SVD)
eGFRcrea ® rs12124078 1 15,869,898 G 0.55 0.40 0.29
eGFRcrea ! rs267734 1 150,951,476 NR 0.44 0.06 0.10
eGFRcrea ® rs6431731 2 15,863,001 T 0.14 0.87 0.74
eGFRcrea ! rs1260326 2 27,730,939 NR 0.29 0.44 0.46
eGFRcrea ! rs13538 2 73,868,327 NR 0.70 0.24 0.70

eGFR rs10206899 2 73,000,899 C 0.96 0.24 0.48
eGFRcrea ! rs347685 3 141,807,136 NR 0.44 0.98 0.98
eGFRcrea ® rs17319721 4 77,368,846 A 0.11 0.98 0.54

eGFR rs10032549 4 77,398,014 A 0.10 0.43 0.94

eGFR * rs4859682 4 77,410,317 A 0.09 0.74 0.58
eGFRcrea rs13146355 4 77,412,139 A 0.16 0.86 0.53
eGFRcrea ! rs11959928 5 39,397,131 NR 0.60 0.45 0.67
eGFRcrea ! rs6420094 5 176,817,635 NR 0.74 0.97 0.60
eGFRcrea rs3828890 6 31,440,668 G NA NA NA
eGFRcrea ! rs881858 6 43,806,608 NR 0.93 0.56 0.54
eGFRcrea ™ rs10277115 7 1,285,194 T 0.95 0.64 0.06

CKD rs7805747 7 151,407,800 NR 0.56 0.42 0.74
eGFRcrea ! rs10109414 8 23,751,150 NR 0.85 0.73 0.92
eGFRcys ** rs1731274 8 23,766,318 G 0.81 0.76 0.71
eGFRcrea ! rs4744712 9 71,434,706 NR 0.68 0.48 0.78

UACR ® rs1801239 10 16,919,051 C 0.64 0.30 0.91
eGFRcrea rs963837 11 30,749,089 T 0.15 0.35 0.64
eGFRcrea ® rs3925584 11 30,760,334 T 0.07 0.60 0.83
eGFRcys rs653178 12 112,007,755 C  4.81E-04" 0.17 6.74E-03"
eGFRcrea ! rs626277 13 72,347,695 NR 0.99 0.48 0.56
eGFRcrea ® rs2928148 15 41401549 G 0.35 0.25 0.42
eGFRcrea ! rs2453533 15 45,641,224 NR 0.86 0.88 0.61
eGFRcrea ® rs2467853 15 45,698,792 G 0.91 0.86 0.63

eGFR rs17536527 15 45,719,186 C 0.71 0.97 0.36
eGFRcrea ™ rs17730436 15 53,042,927 T 0.33 0.92 0.31
eGFRcrea ! rs1394125 15 76,158,982 NR 0.45 0.60 0.82

CKD® rs4293393 16 20,364,587 T 0.41 0.56 0.28
eGFRcrea ® rs12917707 16 20,367,689 G 0.26 0.33 0.28
eGFRcrea ™ rs11864909 16 20,400,838 C 0.91 0.42 0.34
eGFRcrea ® rs2453580 17 19,438,320 C 0.35 0.54 0.78
eGFRcrea ® rs11078903 17 37,631,923 A 0.55 0.27 0.92
eGFRcrea ™ rs9895661 17 59,456,588 C 0.90 0.27 0.24
eGFRcrea ! rs12460876 19 33,356,890 NR 0.29 0.76 0.30
eGFRcys rs13038305 20 23,610,261 C 0.60 0.51 0.76

eGFRcrea/eGFRcys ™' rs911119 20 23,612,736 NR 0.57 0.48 0.71

Al, effect allele predicting increased values of the kidney trait, NR=not reported; LAA, large
artery atherosclerosis; CE, cardioembolism; SVD, small vessel disease. All P-values are two-
sided since one-sided P-values could not be derived for SNPs without a reported effect allele.
“ Corresponding one-sided P-values were 2x10™* and 3x1073, since the effect allele had the
epidemiologically predicted direction of effect.



Table VI. Association with kidney traits for SNPs previously showing genome-wide association
with stroke subtypes.

Stroke Risk P P P
SNP " Chr  Position subtype Allele eGFRcrea eGFRcys UACR
rs2200733 4 111,710,168 CE T 8.2E-03" 0.20 0.29
rs68430822 4 111,718,066 CE G 6.9E-03" 0.19 0.11
rs556621 1’ 6 44,594,158 LAA A 0.46 0.039 1.00
rs11984041® 7 19,031,934 LAA A 0.43 0.22 0.81
rs21075952 7 19,049,387 LAA A 0.94 0.22 0.38
rs12425791%° 12 783,483 IS A 0.68 0.67 0.33
rs879324 2 16 73,068,677 CE A 0.32 0.98 0.17

*Corresponding one-sided P-values are 4x10 and 3x10°®, since the effect alleles had the
epidemiologically predicted direction of effect.
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