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1 Supplemental Methods

Data sources

The GENIUS-CHD consortium is an international collaboration of prospective cohort studies

selectively including individuals with established coronary heart disease at baseline and following

them for future subsequent CHD events, with cases defined as those experiencing a subsequent

event and controls as those who do not. 1 2 Full details on the individual studies have been published

previously, with study-specific references provided in Table 1 (main paper).

The primary criteria for inclusion in the consortium are studies that recruited individuals with: (1)

established CHD, defined as a history of or presence at baseline of acute coronary syndrome, or of

coronary artery disease as evidenced by any revascularization procedure such as percutaneous

coronary intervention or coronary bypass surgery, or a significant (50%) coronary artery plaque at

angiography affecting any major epicardial vessel, (2) availability of prospective follow-up and

ascertainment of at least one clinical cardiovascular outcome including all-cause mortality, and (3)

availability of samples and/or biomarkers or in-silico genotyping data. Full details about the GENIUS-

CHD Consortium have been published elsewhere.1

The CARDIOGRAMPlusC4D Consortium is a global collaboration that, in contrast to GENIUS-CHD,

includes only case-control studies, where cases are defined as having any CHD and controls are

individuals free of CHD. The publicly-available dataset consists of individuals predominantly of

European descent, with imputed genome-wide data covering 6.7million common variants and

2.7million low-frequency variants. Full details of this resource have been published elsewhere. 3

The UK Biobank recruited 500,000 participants aged 40-69 from England, Scotland and Wales

between 2006 and 2010, with comprehensive baseline data and prospective follow up recorded. We

used these data for sensitivity analyses to look for any evidence of selection bias. At the time of our
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analyses genetic data were available for 408,480 participants. Full details of this resource have been

published elsewhere. 4

Genetic variant selection

We selected the genetic variant rs1333049 as the most established marker for CHD risk at the 9p21

locus. Genotype data were subjected to local quality controls by each study prior to analysis. Given

the palindromic nature of rs1333049 (G/C), and the potential for erroneous coding, all studies were

asked to confirm the SNP was reported on the forward (upper/+) DNA strand. Studies were also

asked to run association analysis according to the established risk allele (C), not the minor allele

given the risk allele frequency fluctuates around 0.5. At the meta-analysis level, these risk allele

frequencies were again examined to ensure that they were broadly representative across studies,

see Supplementary Figure 1. Genotyping details (including SNP and linkage disequilibrium with the

lead variant) for each cohort in GENIUS-CHD are provided in Supplementary Table 1.

Outcomes

The primary outcome of interest was a composite of CHD death or myocardial infarction, whichever

came first (CHD death/MI) during follow-up. Secondary outcomes of interest during follow-up

included: MI, coronary revascularization, heart failure, ischemic stroke, any stroke, any

cardiovascular disease (CVD, including MI, stroke, revascularization, and CVD death), CHD death,

CVD death, and all-cause death.

Statistical analysis

Individual studies participating within the GENIUS-CHD Consortium evaluated the association

between chromosome 9p21 variants and subsequent events assuming an additive genetic model

and using both binary logistic regression and time-to-event Cox proportional-hazards models. All

analyses were adjusted for age and sex. Across the consortium, analyses were performed using
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shared statistical scripts and harmonized datasets, as described in the accompanying design paper.1

For the purposes of comparison with CARDIOGRAMplusC4D, which reported odds ratios (OR), we

present logistic regression results as our primary analysis, although time-to-event results are also

provided and can be found in the supplementary materials.

For both GENIUS-CHD and CARDIOGRAMplusC4D, study-level effect estimates and their

corresponding standard errors were then meta-analysed using an inverse variance weighted fixed-

effects model. Heterogeneity was quantified using the χ2 test for heterogeneity and the I2 statistic.

To assess consistency, the chromosome 9p21 association with the primary outcome was stratified on

patient-level characteristics measured at baseline, including: age (< or ≥ 65years), sex, hypertension 

(physician diagnosed or treated), type 2 diabetes (T2DM, physician diagnosed or treated), body mass

index (BMI 18.5-24.9; 25-29.9; ≥30kg/m2), statin use, anti-platelet use, renal impairment (eGFR

<60ml/kg/min), and left-ventricular impairment (LVEF<45% or diagnosed heart failure with impaired

systolic function). The meta-analysis was also stratified on study-specific factors including: sample size

(< or ≥ 1000 participants), geographical location (by continent), study design, and follow-up years (< 

or ≥ 5 years). Differences between estimates were evaluated using interaction tests.5, 6 Finally, to

explore the impact of time period of recruitment, stratification by enrollment date was not possible

due to the variable duration, and dynamic ongoing enrollment in many participating studies. As such,

study specific results were ordered by enrollment start date to assess for crude differences over time.

To assess the potential for index event bias in our data,7 (whereby associations between the exposure

of interest and risk factors for the disease may be induced by conditioning on subjects with CHD), we

examined for any differences in associations between chromosome 9p21 and common cardiovascular

risk factors in individuals from the general population and those with established CHD. For this

purpose we utilized the UK Biobank (UKB) which has available genetic and risk factor data for both

groups of individuals. Risk factors tested included age, smoking behaviour, T2DM, BMI, and systolic

blood pressure (SBP). Biomarkers were unavailable at the time of analysis. Differences between risk
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factor associations in each group (general population and those with CHD) were tested using

interaction effects. We also explored potential for survival bias by looking for differences in

chromosome 9p21 risk allele frequencies in survivors with CHD compared to the general population

in the UKB cohort and then by 5-year age categories in each group.

To reduce the potential for population stratification bias, we excluded individuals that self-identified

as non-European. Effect sizes and confidence intervals (CI) were calculated using a two-sided alpha

of 0.05, and results are presented as mean difference, ORs, or hazard ratios (HR). All analyses were

conducted using R software (R Development Core Team).8
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2. Supplemental Tables

Table 1: Genotyping details for each cohort
Alias SNP used R2 with

lead SNP
Risk

allele
Risk allele
frequency

HWE Genotyping Platform

4C rs1333049 C 0.505 0.919 Custom

AGNES rs4977574 0.878 G 0.485 0.136 Illumina Human610k-Quad v1 array

ANGES rs1333049 C 0.484 0.871 Metabochip

ATVB rs1333049 C 0.585 1.000 Affymetrix 6.0 GeneChip

CABGenomics rs1333049 C 0.560 0.757 Sequenom

CDCS rs1333049 C 0.513 0.451 Sequenom and Taqman assays

COROGENE rs1333049 C 0.466 0.603 Illumina Human610k-Quad

CTMM rs1333049 C 0.537 0.326 Affymetrix Axiom tx

CURE rs10757278 0.968 G 0.527 0.176 Taqman assay

EGCUT rs1333049 C 0.479 0.094 Illumina OmniExpress, Illumina Global Screening array

EMORY rs1333049 C 0.503 0.515 Multiplex or taqman

ERICO rs1333049 C 0.487 1.000 Affymetrix axion

FINCAVAS rs1333049 C 0.453 0.657 Metabochip, n = 2278, CoreExome, n = 926

FRISCII rs1333049 C 0.485 0.747

GENDEMIP rs1333049 C 0.526 0.574 Taqman assay

GENEBANK rs1333049 C 0.544 0.647 Affymetrix 6.0 GeneChip

GENESIS-PRAXY rs4977574 0.878 G 0.555 1.000 Sequenom: Platform: iPLEX© Gold Genotyping Technology Taqman:
Platform: TaqMan© Genotyping Technology (Applied Biosystems)

GENOCOR rs1333049 C 0.560 1.000 High resolution melting curve analysis-LC Green and a Light Scanner
(Idaho Tech)

GoDARTSincident rs1333049 C 0.511 0.231 Affy; Affy1KG; Illumina; Illumina 1KG; broad

GoDARTSprevalent rs1333049 C 0.507 0.227 Affy; Affy1KG; Illumina; Illumina 1KG; broad

GRACE rs1333049 C 0.516 0.150 Sequenom (734 samples)

GRACE_UK rs1333049 C 0.518 0.466 Sequenom
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IDEAL rs1333049 C 0.501 0.704 Sequenom MassArray Maldi-TOF System

INTERMOUNTAIN rs1333049 C 0.520 0.144 Applied Biosciences Inc

INVEST rs10757278 0.968 G 0.498 0.931 Taqman; Illumina IBC; Illumina OmniExpress

JUMC rs1333049 C 0.509 0.707 TaqMan? Real-Time PCR Assays (7900HT Fast Real Time System or
OpenArray NT cycler)

KAROLA rs1333049 C 0.524 0.813 restriction fragment length polymorphism (RFLP)

LIFE-Heart rs1333049 C 0.506 0.855 Affymetrix Axiom CADLIFE (CEU+custom content) or Affymetrix Axiom CEU

LURIC rs1333049 C 0.533 0.005 Affymetrix 6.0

NE_POLAND rs1333049 C 0.522 0.087 ABI 7500 real time PCR

NEAPOLIS rs1333049 C 0.542 0.001 GENOTYPING 7900HT Fast Real-Time PCR System

OHGS rs1333049 C 0.527 0.129 Affymetrix Axiom

PLATO rs1333049 C 0.518 0.731 Illumina HumanOmni2.5-4v1 BeadChip, Illumina Infinium
HumanOmniExpressExome-8 v1

PMI rs1333049 C 0.521 0.032 Sequenom and Taqman assays

POPular rs1333049 C 0.505 0.145

PROSPER rs1333049 C 0.556 0.290 Illumina 660K quad beadchip

RISCA rs4977574 0.878 G 0.563 0.316 iPLEX technology on a MassARRAY Compact Analyser

SHEEP rs1333049 C 0.482 0.723 Illumina Cardiometabochip

SMART rs10757278 0.968 G 0.515 0.460 TaqMan assay

STABILITY rs1333049 C 0.534 0.723 Illumina HumanOmniExpressExome-8 v1 BeadChip

THI rs1333049 C 0.531 0.673 Sequenom massarray system, TaqMan

TNT rs1333049 C 0.524 0.844 Sequenom massarray Maldi-tof System

TRIUMPH rs1333049 C 0.522 0.191 Infinium HumanCore BeadChip array (GWAS) and the Illumina
HumanExome v1.1 Analysis BeadChip array (Exome)

UCORBIO rs1333049 C 0.513 0.541 TaqMan assay

UCP rs1333049 C 0.501 0.504 50K Illumina CARe iSelect (IBC)

VHS rs1333049 C 0.586 0.274 iPLEX MassARRAY platform, Multilocus genotyping assay by Roche

VIVIT rs1333049 C 0.533 0.699 CardioMetaboChip

WARSAW ACS rs10757278 0.968 G 0.496 0.165 TaqMan Assay; ABI 7500 real time PCR platform

WTCCC rs1333049 C 0.554 0.712 Affymetrix GeneChip© Human Mapping 500K Array Set
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Table 2: Power of the rs1333049 SNP association with CHD death or MI

OR Power

1.02 0.40

1.03 0.66

1.04 0.86

1.05 0.96

1.10 1.00

1.20 1.00

N.b. based on an alpha of 0.10 (two sided 0.05)
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Table 3: Subsequent events available in each study for association with 9p21.

Alias CHD Death
or MI

Myocardial
Infarction

Revasc Ischemic
Stroke

Any
Stroke

Heart
Failure

All CVD CHD
Death

CVD
Death

All Cause
Death

Mean Follow-
up (SD), years

4C 22 NA NA NA NA NA 63 22 25 63 2.38 (0.75)

AGNES 155 124 232 NA 38 82 334 38 38 180 7.10 (4.74)

ANGES 173 86 207 60 66 124 310 128 89 178 8.20 (4.40)

ATVB 235 229 544 NA 22 NA 338 40 30 81 10.42 (4.48)

CABGenomics NA NA NA NA NA 156 NA NA NA 393 NA

CDCS 532 522 495 116 146 337 863 196 242 433 5.20 (2.14)

COROGENE NA NA NA NA NA NA NA NA NA 359 NA

CTMM 12 10 70 NA NA NA 75 2 NA 4 0.97 (0.36)

CURE 362 257 146 NA 50 106 449 176 78 246 0.78 (0.28)

EGCUT 640 455 230 301 326 1468 1097 284 580 825 6.56 (2.90)

EMORY 386 132 735 NA 65 196 1017 328 359 595 5.83 (3.14)

ERICO 88 63 NA NA NA NA 111 70 70 111 2.88 (1.47)

FINCAVAS 447 309 399 191 214 336 730 247 185 440 8.57 (3.99)

FRISCII 666 510 1679 NA NA NA 1914 266 251 362 7.46 (2.09)

GENDEMIP NA NA NA NA NA NA NA NA 93 155 1.12 (0.78)

GENEBANK 116 116 857 NA 30 NA 997 NA NA 153 3.00 (0.00)

GENESIS-PRAXY 36 28 53 NA 1 3 72 NA 29 8 1.00 (0.00)

GENOCOR 35 32 80 NA 12 3 141 24 26 57 5.68 (1.20)

GoDARTSincident 159 128 157 32 70 93 553 85 115 286 3.64 (2.99)

GoDARTSprevalent 416 329 172 82 173 251 1225 260 322 750 6.78 (2.93)

GRACE 47 47 NA NA NA NA NA NA 2 NA 4.25 (1.79)

GRACE_UK 269 184 319 NA 54 194 990 164 NA 230 10.62 (2.15)

IDEAL 464 398 948 7 179 136 1307 89 119 203 4.80 (0.41)
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INTERMOUNTAIN 2749 1664 2009 NA 494 650 3667 1609 1643 2317 8.56 (5.39)

INVEST 63 63 NA NA 49 NA 166 NA 21 76 3.08 (0.81)

JUMC 89 75 47 14 14 20 130 28 30 81 0.85 (0.33)

KAROLA 185 135 NA NA 77 NA 268 104 139 255 11.67 (2.94)

LIFE-Heart 58 NA NA NA NA NA 62 58 62 391 1.76 (2.19)

LURIC 471 146 NA NA 42 NA 471 413 457 736 8.65 (3.14)

NE_POLAND NA NA NA NA NA NA NA NA NA 189 7.20 (2.75)

NEAPOLIS 27 24 14 5 5 12 201 13 13 45 1.07 (0.55)

OHGS 24 15 117 NA NA NA 137 13 17 18 1.77 (0.29)

PLATO 793 567 2140 89 110 423 2686 300 326 369 0.86 (0.24)

PMI 313 313 338 67 85 157 532 186 221 374 8.66 (3.32)

POPular 66 58 49 12 12 NA 116 8 8 16 1.00 (0.00)

PROSPER 86 86 11 NA 29 32 125 37 46 69 3.14 (0.68)

RISCA 139 128 584 NA 6 30 619 25 27 34 1.22 (0.18)

SHEEP 483 483 5 158 188 284 702 155 178 595 14.87 (5.91)

SMART 257 163 868 NA 58 NA NA 118 NA 259 7.57 (3.51)

STABILITY 730 450 1038 162 181 212 1582 351 387 621 3.60 (0.57)

THI 309 309 570 NA 86 398 1234 NA NA 632 5.49 (3.43)

TNT 347 279 825 NA 130 144 1098 97 118 251 4.57 (1.19)

TRIUMPH NA NA NA NA NA NA NA NA NA 97 0.97 (0.15)

UCORBIO 59 59 101 NA 9 24 155 NA 17 36 NA

UCP 229 229 547 27 53 90 NA NA NA NA 8.01 (4.16)

VHS 132 24 NA NA NA NA NA 109 126 182 5.62 (2.99)

VIVIT 171 126 237 NA 80 NA 436 99 131 290 7.58 (2.78)

WARSAW ACS NA NA NA NA NA NA NA NA NA 106 2.96 (1.17)

WTCCC NA NA NA NA NA NA NA NA NA 411 10.05 (2.81)

CHD = Coronary Heart Disease; CVD = Cardiovascular
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Table 4: Risk factor distribution by Ch9p21 genotype in the whole UKB population (n = 408,480) and the subset with CHD

(n=15,275).

N UKB General Population (N=408,480) UKB CHD Population (N=15,275) Difference in Association

rs1333049
genotype

CC GC GG MD or OR (95%CI) CC GC GG MD or OR (95%CI) OR Interaction P value

Age, yrs 56.85 56.92 56.97 -0.06 (-0.09, -0.03) 62.01 62.3 62.34 -0.17 (-0.30, -0.04) 0.11 (-0.02, 0.25) 0.105025

Ever Smoked, % 45.04% 45.27% 45.39% 0.99 (0.98, 1.00) 65.30% 67.00% 65.50% 0.99 (0.94, 1.04) 1.00 (0.95,1.05) 0.926777

Type 2 Diabetes,
%

5.00% 4.85% 4.68% 1.04 (1.02, 1.06) 17.67% 17.97% 16.86% 1.03 (0.97,1.09) 1.00 (0.95-1.07) 0.81107

Body Mass
Index, kg/m2

27.18 27.21 27.21 -0.02 (-0.04, 0.01) 28.83 29.03 29.04 -0.15 (-0.26, -0.04) 0.13 (0.02, 0.24) 0.020743

Systolic Blood
Pressure, mmHg

139.9 139.8 139.8 0.06 (-0.03, 0.15) 139.7 140.1 140.1 -0.16 (-0.63, 0.30) 0.23 (-0.25, 0.70) 0.349446

CHD defined as prior MI or revascularization. Mean difference (MD), odds ratio (OR), 95% confidence interval (95%CI), difference were calculated either on

the identity scale or on the natural logarithm of the OR.
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3 Supplemental Figures

Figure 1

Figure 1: Study specific effect allele frequency of the GENIUS 9p21 rs1333049 variant; # indicates

proxy variants rs4977574 or rs10757278. Dashed line indicates 0.50.
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Figure 2

Figure 2: The study specific 9p21 associations of rs1333049 with CHD death/MI in subjects with

established CHD. Estimates reflect the effect of a change in risk allele, and were adjusted for age

and sex using study specific logistic regression models. Studies were ordered by start of enrollment

date
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Figure 3

Figure 3: The study specific 9p21 associations of rs1333049 with subsequent CHD death/MI in

subjects with established CHD. Estimates reflect the effect of a change in risk allele, and were

adjusted for age and sex using study specific Cox proportional hazard models. Studies were ordered

by start of enrollment date.
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Figure 4

Figure 4: Subgroup effects of 9p21 on CHD death/MI among subjects with established CHD.
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Figure 5

Figure 5: Study specific subgroup effects of 9p21 on CHD death/MI among subjects with established
CHD.
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Figure 6

Figure 6: Risk allele frequencies by age in the UK Biobank. Risk allele frequencies by 5 year age
groups, among the full UKB general population and the subset with established CHD. Risk allele for
rs1333049 is C.
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