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Supplementary Methods 
 
Genotyping 

Samples from the ATVB, Duke, OHS, PAS-AMC, PennCath, PROCARDIS, and 

VHS studies were genotyped on the Illumina HumanExome BeadChip v1.0 at the Broad 

Institute according to the manufacturer’s recommended protocol. Samples from the MDC 

study were genotyped on the Illumina OmniExome array according to the manufacturer’s 

recommended protocol. Genotypes were assigned using GenomeStudio v2010.3 module 

version 1.8.4 along with the custom cluster file StanCtrExChp_CEPH.egt. These were 

then supplemented with the zCall algorithm to enhance the accuracy of rare variant 

genotypes1.   

Samples from the BHF-FHS, FIA3, EPIC, and GoDARTS studies were 

genotyped on the Illumina HumanExome Beadchip v1.0 at the Wellcome Trust Sanger 

Centre, UK, according to the manufacturer’s recommended protocol. Genotypes were 

assigned using GenCall, the default clustering algorithm within GenomeStudio v2011.1, 

module version 1.9.4, using the cluster file HumanExome_12v1_A.egt. GenCall data 

were then subjected to QC, before the post‑processing zCall algorithm was used to 

enhance the accuracy of rare and infrequent SNP genotypes.  

Samples from BioVU were genotyped on the Illumina HumanExome BeadChip 

v1.0 at Vanderbilt University according to the manufacturer’s recommended protocol. 

Genotypes were assigned using GenomeStudio v2010.2 genotyping module version 1.7.4 

along with the custom cluster file HumanExome-12v1.egt. 

 Samples from GerMIFS3 and GerMIFS4, PopGen cases, and Munich-MI were 

genotyped at the Helmholtz Zentrum München, Germany. Samples from HNR were 
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genotyped at the Forschungszentrum Life & Brain, Department of Genomics, Bonn, 

Germany and samples from PopGen controls were genotyped at the Institute of Clinical 

Molecular Biology (IKMB), Kiel, Germany, respectively. All genotyping was done with 

the Illumina HumanExome v1.0 array according to the manufacturer’s protocol. The 

analysis was done with the GenomeStudio V2011.1 software and the Genotyping module 

version 1.9.4 using the original Illumina cluster and manifest files (HumanExome-

12v1_A.egt and HumanExome-12v1_A.bpm). The GenCall score cutoff was 0.15 as 

recommended by Illumina. The Genotypes were exported using the Report Wizard and 

post-processed with zCall to add rare variant calls that were otherwise missed by 

GenomeStudio.  

 Samples from the EGCUT study were genotyped on the Illumina HumanExome 

BeadChip v1.1 at the Estonian Genome Centre, University of Tartu, Estonia and at the 

Broad according to the manufacturer’s recommended protocol. Genotypes were assigned 

using first GenomeStudio GenomeStudio v2011.1 module version 1.9.4 and then the 

zCall algorithm1.  

Samples from the HUNT study were genotyped using the iSelect HumanExome 

BeadChip V1.0 and the Infinium HD ultra protocol at the Norwegian University of 

Science and Technology, Norway.  Each 96-well plate included both case and control 

individuals in random order and one sample of reference DNA that was present on every 

plate.  Genotypes were assigned using GenomeStudio V2011.1 followed by zCall version 

2.2. 

 Samples from the BioMe Biobank were genotyped on the Illumina 

HumanOmniExpressExome array and Illumina HumanExome BeadChip v1.0 at the 
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Mount Sinai Medical Center according to the manufacturer’s recommended protocol. 

Illumina’s Genome Studio was used to call the raw genotyped data, which was 

subsequently updated with zCall that applies stringent criteria to remove samples based 

on call rate (< 98%), heterozygosity (>1% or <1%), and gender discordance in addition to 

markers based on call rate (<95%) and Hardy-Weinberg equilibrium (P < 10-4). We first 

called the genotypes of the 12,726 participants, whose genotype cluster file was used to 

call the genotypes of the remaining 2,867 participants. A total of 13,710 individuals and 

239,035 markers passed these quality control criteria. For the current analysis, 704 CAD 

cases and 1,729 controls with European American ancestry from the BioMe biobank were 

analyzed.  

Samples from the MHI study were genotyped on the Illumina HumanExome 

BeadChip v1.1 at the Beaulieu-Saucier Pharmacogenomic Centre according to the 

manufacturer’s recommended protocol. Genotypes were assigned using GenomeStudio 

v2011.1 module version 1.9.4 along with the custom cluster file HumanExome-12v1.egt.  

Samples from the WHI study were genotyped at the Broad Institute or the 

Translational Genomics Research Institute using the Illumina HumanExome v1.0 SNP 

array. Genotypes were assigned using GenomeStudio v2010.3. WHI genotypes from both 

genotyping centers were then merged into a master-file and quality control procedures 

were performed on this master-file using the PLINK and R47 computing platforms as 

described below.  

 Samples from the replication cohorts were genotyped in batches at the Herlev 

Hospital in Copenhagen (CCHS, CGPS and CIHDS) or Cambridge Genomic Services 

(BRAVE, EPIC-CVD, MORGAM, PROMIS, PROSPER and WOSCOPS) on 
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customised versions of the Illumina HumanExome v1.1 SNP array. Genotype calling was 

performed centrally for all batches at the University of Cambridge using optiCall2 (0.7.0), 

followed by zCall for variants with minor allele frequency (MAF) <5%. 

 

Quality control procedures 

In the discovery study, various quality control filters were implemented to remove 

low quality samples and variants.  Sample QC was performed on genotypes assigned 

before the zCall algorithm application. Samples were excluded if they met any of the 

following criteria: poor concordance with previous genotyping array; missing ≥ 5% 

genotypes; statistical outliers for heterozygosity; discordance between inferred and 

reported gender; duplicated samples; unexpected first or second degree related samples; 

or statistical outliers in principal components analysis. Using a set of common (minor 

allele frequency > 5%) independent (linkage disequilibrium pruned) markers, we 

identified samples sharing a high proportion of genotypes identical by descent (PI_HAT 

> 0.2) who were not known to be related and removed these from the analysis. From the 

samples that passed quality control, variants were removed if they met any of the 

following criteria: missing pre-zCall genotypes > 2% of cases or > 2% of controls; 

missing zCall genotypes in >1% of cases or >1% of controls; Hardy-Weinberg 

equilibrium (HWE) P < 1x10-5 in cases or controls in either pre-zCall or zCall genotypes 

when available. These procedures were outlined in a centrally developed quality control 

and analysis protocol. 

For the replication study, samples with extreme intensity values, and outlying 

plates or arrays were removed prior to all genotype calling. Samples with call rates more 
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than 3 standard deviations below the mean were removed prior to post-processing 

optiCall calls with zCall. Within each batch, variants were removed if variant call rate < 

0.97; HWE P <1x10-6 for common variants or HWE P <1x10-15 for variants with 

MAF<0.05. Variants within each genotyping batch were aligned to human genome 

reference sequence plus strand and the standardized files were then used for sample QC. 

Samples were excluded from each batch/study if sample heterozygosity > ±3 standard 

deviations from the mean heterogeneity or sample call rate >3 standard deviations from 

the mean call rate. Duplicates within each batch and ancestral outliers identified by PCA 

were removed. Samples and variants that failed QC were removed from individual 

batches. Where studies were analyzed in multiple batches, the batches were combined 

and any variants out of HWE across the study as a whole were also removed.   

 

Follow-up ANGPTL4 sequencing 

We sequenced the seven exons of ANGPTL4 using next-generation sequencing as 

previously described3. In brief, 4,865 cases with early CAD along with 4,866 CAD-free 

controls underwent exome sequencing at the Broad Institute. First, for each sample we 

used 3µg of genomic DNA to perform library construction and in-solution hybrid 

selection to target 33Mb of genomic sequence. The resulting exome-enriched DNA was 

sequenced on either Genome Analyzer II using v3 and v4 Sequencing-by-Synthesis Kits, 

then analyzed using RTA v1.7.48 or on HiSeq 2,000 using HiSeq 2,000 v2 Sequencing-

by-Synthesis Kits, then analyzed using RTA v1.10.15. Sequencing was performed using 

76 cycle paired-end runs. Sequencing was considered complete when ≥ 80% of targeted 

bases were covered with ≥ 20 sequencing reads. Raw sequence reads were aligned to the 
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human reference genome (HG19) using the Burroughs-Wheeler Alignment tool4 in 

paired-end mode. Duplicate reads and reads aligned outside of the exome target were 

removed. The Genome Analysis ToolKit5 (GATK) was then used to locally realign reads, 

recalibrate base qualities, identify and genotype single nucleotide variants (SNVs) and 

short insertion and deletion events (indels), and recalibrate the resulting variant quality 

scores. SnpEff6 was used to predict the functional consequences of the identified variants. 

We defined null mutations in ANGPTL4 as single nucleotide variants leading to 

the introduction of a stop codon (nonsense) or occurring within two base pairs of an 

exon/intron boundary (splice-site), or insertions and deletions of DNA predicted to alter 

the open reading frame of the protein and introduce a premature stop codon (frameshift). 

ANGPTL4 null mutations were annotated based on the cDNA reference sequence for 

ANGPTL4 (NM_139314.2) with the ATG initiation codon, encoding methionine, 

numbered as residue 1 or p.M1. 

 

Statistical analysis 

In discovery samples that passed quality control procedures, we performed 

individual tests for association between QC-passed variants and CAD within each study 

separately. For variants that were polymorphic in cases and controls, we performed 

logistic regression with CAD as the dependent variable and genotype (coded as 0, 1, or 2 

copies of the effect allele) as the independent variable with the first ten principal 

components of ancestry as covariates. We combined evidence across individual studies in 

the discovery phase using an inverse-variance weighted fixed-effects meta-analysis.  We 

annotated the functional effect of each variant using the Genome Variation Server 
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(http://gvs.gs.washington.edu/GVS138/). We restricted our analysis to autosomal variants 

with a minor allele frequency of ≥ 0.1% across the 120,575 samples in the discovery 

study. In loci with previously identified low-frequency CAD variants, we performed 

conditional association testing using the GCTA v1.24 software as previously described7, 

using individual genotypes from 15,011 unrelated individuals from the ATVB, MDC, 

OHS, PAS-AMC, PennCath, and PROCARDIS studies to estimate linkage 

disequilibrium patterns between markers on the array.  

 Outside of known CAD loci, we defined suggestive association with CAD as a 

meta-analysis P value ≤ 1x10-4.  For variants with suggestive association, we performed 

association analysis in the replication cohorts. In each replication study individually, 

association with CAD was tested using a linear mixed model using fixed effects of 

genotype and principal components and a kinship matrix as random effects. Results were 

combined within ancestry groups and then across all studies using inverse-variance 

weighted fixed effects meta-analyses. We defined significant novel associations as those 

nominally significant (P < 0.05) in the replication study and with overall (discovery and 

replication combined) P < 7.7x10-8 (a Bonferroni-corrected threshold accounting for 

54,003 markers with MAF > 0.01% being tested initially along with 12 replication tests).  

To test for association between novel variants and plasma lipids, we first 

generated score statistics from each cohort listed in Table S4 using raremetalwork or 

rvtests. We then meta-analyzed the genetic associations centrally using the R-package 

rareMETALs (version 6.0) to test the association between significantly associated low-

frequency variants with LDL cholesterol, high-density lipoprotein (HDL) cholesterol, or 

the natural logarithm of triglycerides (TG) using covariates of age, gender, and principal 
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components of ancestry. A linear mixed model was used to test the association between 

significantly associated low-frequency variants with systolic blood pressure (SBP) and 

diastolic blood pressure (DBP) in the CHARGE+ consortium (Table S5) using fixed 

effects of genotype, principal component of ancestry, and study-specific covariates (these 

included age, age-squared, sex, and body mass index), along with random effects to 

account for relatedness and ancestry via a kinship matrix. To account for the effect of 

lipid-lowering and anti-hypertensive medications, we increased the measured value of 

LDL by 30% and increased the measured values of SBP and DBP by 15 mmHg and 

10mmHg, respectively, for those taking such medications. 

We used linear regression to test the association between ANGPTL4 null alleles 

and plasma lipids in models where the outcome was specified as either low-density 

lipoprotein cholesterol, high-density lipoprotein cholesterol, or the natural logarithm of 

triglyceride concentration, the independent variable was the presence or absence of any 

ANGPTL4 null allele, and covariates included age, sex, and an indicator variable for 

study. We accounted for the effect of lipid lowering therapy in 714 individuals known to 

be taking such medications by increasing the observed LDL value by 30%. We calculated 

the statistical significance of the association between ANGPTL4 null alleles and risk for 

CAD using 100,000 study-stratified permutations of case-control phenotypes.  

 

Coverage and power analysis 

To estimate the coverage of the exome array, we evaluated missense variation 

observed in 7,394 exomes of European ancestry that were sequenced at the Broad 

Institute as part of a different study and did not contribute to the design of the exome 



	
   16 

array. We compared the chromosomal position and alternate allele of variants with MAF 

between 0.1% and 5% observed in the exome sequences and the content available on the 

array. We observed that about 82% of non-synonymous variants with a MAF between 

0.1% and 5% were present on the exome array (Figure S1). 

 We used the Genetic Analysis Package library (v1.1-10) in R to estimate 

statistical power at various combinations of MAF and genotypic effect sizes. In our 

discovery study we had 80% power to detect alleles with frequency > 0.1% conferring a 

two-fold increased risk for disease at an alpha level accounting for multiple hypothesis 

testing (Figure S2). Similarly, we had 80% power to discover 0.5% alleles associated 

with 50% increased risk (or alternatively 35% decreased risk), 2% alleles associated with 

25% increased risk (or alternatively 20% decreased risk), and 5% alleles associated with 

15% increased (or decreased) risk of coronary disease (Figure S2). 
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Figure S1. Estimated coverage of European ancestry variation by the exome array. 
Coverage estimates were obtained by comparing variation observed in 7,394 European 
ancestry exome sequences with the content present on the Illumina HumanExome 
BeadChip v1.0. A locally-weighted polynomial regression was used to calculate a 
continuous estimate of coverage according to minor allele frequency (blue line) along 
with 95% confidence intervals (shaded area). 
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Figure S2. Statistical power for detecting a significant association in the discovery 
study. Lines corresponding to 80% power for detecting an association at our pre-
specified level of significance (P<8.8x10-7) are plotted for combinations of minor allele 
frequency (x-axis) and genotypic odds ratio (y-axis) assuming an additive genetic model. 
We used the number of cases and controls genotyped in the discovery study and assumed 
5% disease prevalence. 
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Table S1. Sources of cases and controls in the discovery study 
Study Design Case definition Control definition N 

Cases 
N 
Controls 

Reference 
 

ATVB Case-
control 

MI in men or women ≤ 45 years of age No history of thromboembolic 
disease 

1,428 1,069 8 

       
BHF-FHS Case-

control 
CAD cases were recruited from the British Heart 
Foundation Family Heart Study and supplemented 
by additional cases from WTCCC-CAD2  

Controls were selected from the 
UK 1958 Birth Cohort 

2,833 5,912 9,10 

       
BioVU Case-

control 
Cases with MI or CAD were ascertained from the 
Vanderbilt University Medical Center Biorepository 
by searching the electronic medical record for ≥ 2 
instances of ICD-9 codes 410.x – 414.x 

Controls were individuals from the 
Vanderbilt University 
Biorepository who did not have 
any record of ICD-9 codes 410.x – 
414.x 

4,587 16,556 11 

       
Duke Case-

control 
MI or coronary stenosis ≥ 50% Controls were > 50 years old 

without coronary stenosis > 30% 
and without history of MI, 
coronary artery bypass grafting, 
percutaneous coronary 
intervention, or heart transplant 

660 515 12 

       
EPIC CAD Nested 

case-
control 

The EPIC (European Prospective Study into Cancer 
and Nutrition) study sub-cohorts from the UK were 
used. Subjects were collected in collaboration with 
general practitioners, mainly in Cambridgeshire and 
Norfolk. Cases were individuals who developed 
fatal or non-fatal CAD during an average follow-up 
of 11 years ending June 2006. Participants were 
identified if they had a hospital admission and/or 
died with CAD as the underlying cause. CAD was 
defined as cause of death codes ICD-9 410-414 or 
ICD-10 I20-I25, and hospital discharge codes ICD-
10 I20.0, I21, I22, or I23 according to the 
International Classification of Diseases, 9th and 10th 
revisions, respectively. 

Controls were study participants 
who remained free of any 
cardiovascular disease during 
follow-up (defined as ICD-9 401-
448 and ICD-10 I10-I79) 

1,386 7,037 13 
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FIA3 Nested 

case-
control 

Cases of MI occurring in participants from 
Vasterbotten Intervention Program (VIP), WHO’s 
Multinational Monitoring of Trends and 
Determinants in Cardiovascular Disease 
(MONICA) study in northern Sweden and the 
Mammography Screening Project (MSP) in 
Vasterbotten 

Individuals free of MI from VIP 
and MSP 

2,473 2,047 14,15 

       
GoDARTS 
CAD 

Case-
control 

The GoDARTS (Genetics of Diabetes Audit and 
Research in Tayside Scotland) study is a joint 
initiative of the Department of Medicine and the 
Medicines Monitoring Unit (MEMO) at the 
University of Dundee, the diabetes units at three 
Tayside healthcare trusts (Ninewells Hospital and 
Medical School, Dundee; Perth Royal Infirmary; 
and Stracathro Hospital, Brechin), and a large group 
of Tayside general practitioners with an interest in 
diabetes care. Cases were first-ever CAD event, 
defined as fatal and non-fatal myocardial infarction, 
unstable angina, or coronary revascularization. 

Controls were free of CAD, stroke, 
and peripheral vascular disease 

1,568 2,772 16 

       
EGCUT Nested 

case-
control 

CAD or MI cases were ascertained from the 
Estonian Biobank (Estonian Genome Center at the 
University of Tartu) using the medical history and 
current health status that is recorded according to 
ICD-10 codes (CAD defined with ICD-10 I20-I25). 

Controls were selected from the 
Estonian Biobank (Estonian 
Genome Center at the University 
of Tartu) who did not have any 
record of cardiovascular diseases 
(ICD-10 I10-I79). 

392 777 17 

       
German CAD 
North 

Case-
control 

The German North cohort includes individuals from 
GerMIFS4, PopGen, and HNR with MI or CAD.  

Controls were derived from 
population-based studies in 
Germany. 

4,464 2,886 18-20 

       
German CAD 
South 

Case-
control 

The German South cohort includes samples from 
GerMIFS3 and Munich-MI with MI or CAD. 

Controls were derived from 
population-based studies in 
Germany. 

5,255 2,921 21,22 
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HUNT Case-
control 

MI Cases were retrospectively identified as HUNT 
2 and HUNT 3 participants diagnosed with acute 
MI (ICD-10 I21 or ICD-9 410) in the medical 
departments at the two local hospitals in Nord-
Trøndelag County from December 1987 to June 
2011.   

Controls were selected among 
HUNT 2 and HUNT 3 participants 
with available DNA (N = 70,300) 
after excluding individuals with the 
following hospital diagnosed or 
self-reported conditions in 
themselves or known 1st and/or 
2nd degree family members: MI, 
angina, heart failure, stroke, aortic 
aneurysm, atherosclerosis, 
intermittent claudication, and 
registered percutaneous coronary 
angioplasty procedures or bypass 
surgery. 

2,351 2,348 23 

       
BioMe 
Biobank 

Case-
control 

CAD cases were ascertained from the BioMe 
Biobank using the electronic health record with 
ICD9 codes 410.xx to 414.xx and abnormal stress 
test or abnormal coronary angiography 

Controls were individuals from the 
BioMe Biobank who did not meet 
the criteria for cases  

704 1,729 NIH dbGaP 
Study 
Accession 
phs000388.
v1.p1 

       
MDC Prospective 

cohort 
Prevalent and incident nonfatal or fatal MI Participants free of CHD at 

baseline and during follow-up 
2,283 4,511 24 

       
MHI Case-

control 
Cases were ascertained from the Montreal Heart 
Institute Biobank. CAD was defined as the presence 
of MI, percutaneous coronary intervention, or 
coronary artery bypass grafting 

Controls were individuals from the 
Montreal Heart Institute Biobank 
who were free of history of MI, 
percutaneous coronary 
intervention, or coronary artery 
bypass grafting 

3,990 6,585 25,26 

       
OHS Case-

control 
Cases had angiographically confirmed coronary 
artery disease (>1 coronary artery with >50% 
stenosis) and did not have type 2 diabetes; ≤ 50 
years old for males and ≤ 50 years old for females 

Asymptomatic males > 65, females 
> 70 

1,024 2,267 27 
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PAS-AMC Case-
control 

Symptomatic CAD before 51 years of age, defined 
as MI, coronary revascularization, or evidence of at 
least 70% stenosis in a major epicardial coronary 
artery 

More than 95% of the controls are 
from the same region as cases 

728 808 28 

       
PennCath Case-

control 
Cases had angiographically confirmed coronary 
artery disease (>1 coronary artery with 50% 
stenosis); ≤ 55 years old for males and ≤ 60 years 
old for females 

Normal coronary angiography in 
men > 40 years old and women > 
45 years old 

683 156 29 

       
PROCARDIS Case-

control 
Symptomatic CAD before age 66. CAD was 
defined as clinically documented evidence of 
myocardial infarction, coronary artery bypass 
grafting, acute coronary syndrome, coronary 
angioplasty, or stable angina 

No personal or sibling history of 
CAD before age 66 

2,490 2,220 30 

       
VHS Case-

control 
Documented MI, coronary artery bypass grafting, 
CAD (by angiography) in males ≤ 45 years old and 
females ≤ 50 years old 

Normal coronary angiography in 
males > 60 years old or females > 
65 years old. 

176 164 31 

       
WHI Prospective 

cohort 
Cases were individuals from the Women’s Health 
Initiative who had incident MI, coronary 
revascularization, hospitalized angina or death due 
to coronary disease 

Participants free of CHD on 
follow-up 

2,860 14,960 32 

       
Discovery study total   42,335 78,240  
ATVB: Italian Atherosclerosis, Thrombosis, and Vascular Biology Study; BHF-FHS: British Heart Foundation Family Heart Study; 
BioVU: Vanderbilt University Medical Center Biorepository; GoDARTS: Genetics of Diabetes Audit and Research Tayside; FIA3: 
First-time incidence of myocardial infarction in the AC county 3; EGCUT: Estonian Genome Centre, University of Tartu; EPIC: 
European Prospective Study into Cancer and Nutrition; HUNT: Nord-Trøndelag health study; IPM: Mt. Sinai Institute for 
Personalized Medicine Biobank; MDC: Malmo Diet and Cancer Study-Cardiovascular Cohort; MHI: Montreal Heart Institute Study; 
OHS: Ottawa Heart Study; PAS-AMC; Premature Atherosclerosis Study at Academic Medical Center Amsterdam; PennCath: 
University of Pennsylvania Catheterization Study; PROCARDIS: Precocious Coronary Artery Disease Study; VHS: Verona Heart 
Study; WHI: Women’s Health Initiative. MI: myocardial infarction; CAD: coronary artery disease. 
 



	
   23 

Table S2. Sources of cases and controls in the replication study 
Study 
(Ancestry) 

Design Case definition Control definition N 
Cases 

N 
Controls 

Reference 
 

BRAVE 
(SA) 

Case-control First-ever troponin-confirmed acute 
MI 

Hospital controls frequency matched by age and 
sex 

2,971 2,784 N/A 

CCHS 
(EA) 

Prospective 
cohort 

Fatal and non-fatal MI and other 
coronary events according to ICD-10 
codes I20-I25 

Participants from the CCHS cohort who were free 
from coronary disease at baseline and after follow-
up 
 

2,020 6,087 33 

CIHDS/ 
CGPS (EA) 

Case-control Fatal and non-fatal MI and other 
coronary events according to ICD-10 
codes I20-I25 

Age- and sex-matched population controls free 
from coronary disease 

8,079 10,367 33 

EPIC-CVD 
(EA) 

Case-cohort Fatal and non-fatal MI and other 
coronary events according to ICD-10 
codes I20-I25 

A randomly-selected subcohort of participants 
from the EPIC cohort who were free from 
coronary disease at baseline and after follow-up 

3,873 7,914 34 

MORGAM 
(EA) 

Case-cohort Fatal and non-fatal MI and other 
coronary events according to ICD-10 
codes I20-I25 

A randomly-selected subcohort of participants 
from the MORGAM cohorts who were free from 
coronary disease and stroke at baseline and after 
follow-up 

2,153 2,118 35,36 

PROMIS 
(SA) 

Case-control First-ever troponin-confirmed acute 
MI 

Hospital controls frequency matched by age and 
sex 
 

10,137 11,935 37 

PROSPER 
(EA) 

Nested case-
control 

Fatal and non-fatal MI and other 
coronary events according to ICD-10 
codes I20-I25 

Age- and sex-matched participants from the 
PROSPER trial free of coronary disease at 
baseline and after follow-up 

641 638 38 

WOSCOPS 
(EA) 

Nested case-
control 

Fatal and non-fatal MI and other 
coronary events according to ICD-10 
codes I20-I25 

Age-matched men from the WOSCOPS trial free 
of coronary disease at baseline and after follow-up 

659 687 39 

Replication study total   30,533 42,530  
EA: European Ancestry; SA: South Asian Ancestry; BRAVE: Bangladesh Risk of Acute Vascular Events Study; CCHS: Copenhagen 
City Heart Study; CGPS: Copenhagen General Population Study; CIHDS: Copenhagen Ischaemic Heart Disease Study; EPIC-CVD: 
European Prospective Investigation into Cancer and Nutrition Study; MORGAM: MOnica Risk, Genetics, Archiving and Monograph 
project; PROMIS: Pakistan Risk of Myocardial Infarction Study; PROSPER: Prospective Study of Pravastatin in the Elderly at Risk 
clinical trial; WOSCOPS: West of Scotland Coronary Prevention Study; N/A: None available



	
   24 

 
Table S3. Sources of cases and controls for ANGPTL4 sequencing 
Study Cases Controls Case definition Control definition Ref 
ATVB 1,794 1,745 MI in men or women ≤ 45 

years of age 
Free of MI, coronary 
revascularization; 
men ≥ age 50 or 
women ≥ age 60 

3 

BHF-FHS/ 
BRICCS/ 
UKAGS 

1,201 1,090 Clinically documented and 
validated MI in men ≤ 50 
years of age, or women ≤ 60 
years of age 

No history or 
symptoms of CAD at 
age 65 yearsd 

9,10 

ESP EOMI 770 860 MI in men or women ≤ age 
45 

Free of MI, coronary 
revascularization; 
men ≥ age 50, women 
≥ age 60  

3 

Lubeck MI 858 878 MI in men and women ≤ age 
60 

Controls without 
CAD; men and 
women ≤ age 65 

 

Munich MI 369 338 MI in men ≤ age 40 or 
women ≤ age 55  

Controls without 
CAD; men ≥ age 65, 
women ≥ age 75 

40 

OHS 966 987 Angiographic CAD (>1 
coronary artery with >50% 
stenosis) without history of 
diabetes at age ≤ 50 for men 
or ≤ 60 for women 

Asymptomatic, men 
> age 65, women > 
age 70 

3,27  

PROCARDIS 966 936 Symptomatic CAD before 
age 66. CAD was defined as 
clinically documented 
evidence of myocardial 
infarction, coronary artery 
bypass grafting, acute 
coronary syndrome, coronary 
angioplasty, or stable angina 

No personal or 
sibling history of 
CAD before age 66 

3,30 

ANGPTL4 
sequencing 
totals 

6,924 6,834    

Study abbreviations as in Table S1. BRICCS: Biomedical Research Informatics Centre for 
Cardiovascular Science; UKAGS: United Kingdom Aneurysm Growth Study; MI: myocardial 
infarction; CAD: coronary artery disease. 
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Table S4. Sources of samples for testing association with lipids 
Study Number of 

samples 
Description of samples Ref 

ATVB 1,010 Controls from ATVB who were free of MI and 
coronary revascularization; men ≥ 50 years of age 
or women ≥ 60 years of age 

8 

OHS 2,103 Controls from OHS who were asymptomatic, men 
> 65, women > 70 

27 

PROCARDIS 2,086 Controls from PROCARDIS who had no personal 
or sibling history of CAD before 66 years of age 

30 

MDC 4,889 Prospective population-based epidemiologic cohort 
from Malmö, Sweden 

24 

Total samples 10,088   
CAD: Coronary artery disease 
 
Table S5. Sources of samples from the CHARGE+ BP consortium for testing 
association with blood pressure 
Study Ancestry Number of samples Ref 
AGES European 2,973 41 

ARIC European 10,865 42 

BioVU European 18,875 11 

CARDIA European  2,175 43 

CHS European 4,132 44 

FamHS European 3,723 45 

FHS European 7,495 46 

HABC European 1,646 47 

HRS European 9,625 48 

MESA European 2,494 49 

Mt. Sinai European  1,337 50 

RS European 3,015 51 

SHIP European 7,161 52 

WGHS European 22,648 53 

WHI European 22,309 54 

ARIC African American 3,354 42 

BioVU African American 2,004 11 

CARDIA African American 1,986 43 

CHS African American 796 44 

HABC African American 1,105 47 

HRS African American 2,029 48 

JHS African American 2,300 55 

MESA African American 1,607 49 

Mt. Sinai African American 2,836 50 

WHI African American 3,486 54 

MESA Hispanic American 1,440 49 

Mt. Sinai Hispanic American 3,146 50 

Total samples  146,562  



	
   26 

 
Table S6. Low-frequency coding variants outside known GWAS loci demonstrating suggestive 
association with CAD in the discovery study 
Locus rsID Chromosome: 

Position 
Allele1/ 
Allele2 

Frequency 
(Allele1) 

Functional 
effect 

Stage OR P 

SVEP1 rs111245230 9:113169775 C/T 3.6% p.D2702G Discovery 1.14 1.1x10-7 
      Replication 1.13 1.0x10-3 
      Combined 1.14 4.2x10-10 
CHTOP rs74844193 1:153615820 A/G 1.8% p.R175H Discovery 1.18 4.2x10-6 
      Replication 1.07 0.28 
      Combined 1.15 6.2x10-6 
PLCH2 rs41315664 1:2411245 A/G 1.3% p.S115N Discovery 1.29 1.3x10-5 
      Replication 0.53 0.40 
      Combined 1.28 1.8x10-5 
PRSS53 rs72785539 16:31096495 C/G 0.4% p.L324V Discovery 1.53 1.9x10-5 
      Replication 1.06 0.72 
      Combined 1.40 1.0x10-4 
ABLIM3 rs148615457 5:148596546 G/A 0.1% p.T232A Discovery 1.80 2.1x10-5 
      Replication 0.89 0.50 
      Combined 1.34 5.0x10-3 
APOH rs1801689 17:64210580 C/A 3.3% p.C325G Discovery 1.12 2.9x10-5 
      Replication 1.02 0.52 
      Combined 1.08 2.4x10-4 
ANGPTL4 rs116843064 19:8429323 A/G 2.0% p.E40K Discovery 0.87 3.0x10-5 
      Replication 0.86 3.4x10-4 
      Combined 0.86 4.0x10-8 
OVCH2 rs200352564 11:7716849 G/C 0.1% p.A412P Discovery 1.74 3.7x10-5 
      Replication 0.62 0.04 
      Combined 1.33 0.01 
OR2J2 rs3129157 6:29141743 A/G 3.4% p.T111A Discovery 0.89 6.4x10-5 
      Replication 1.00 0.95 
      Combined 0.91 2.9x10-4 
TAS2R16 rs34215184 7:122635469 C/A 0.2% p.L74V Discovery 3.58 6.4x10-5 
      Replication 2.31 0.28 
      Combined 3.36 4.0x10-5 
ANKLE1 rs77683348 19:17396344 A/G 2.8% p.R494Q Discovery 0.89 8.1x10-5 
      Replication 1.04 0.77 
      Combined 0.90 1.6x10-4 
TEX15 rs183854485 8:30699807 G/A 0.1% p.C2243R Discovery 3.04 9.7x10-5 
      Replication 0.66 0.43 
      Combined 2.17 2.1x10-3 

GWAS: Genome-wide association study; CAD: coronary artery disease; OR: odds ratio of 
disease for carriers of Allele 1 
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Table S7: Association between low-frequency CAD variants outside of known GWAS 
loci and blood pressure, stratified by ancestry 
Variant Trait Ancestry MAF Effect  P   
SVEP1  SBP EA 0.037 0.86  4.4x10-6   
rs111245230  AA 0.006 2.57  0.027   
  HA 0.028 2.54  0.044   
  All 0.032 0.94  3.0x10-7   
         
 DBP EA 0.037 0.56  1.4x10-6   
  AA 0.006 1.45  0.049   
  HA 0.028 0.16  0.84   
  All 0.032 0.57  4.4x10-7   
         
ANGPTL4  SBP EA 0.020 -0.18  0.47   
rs116843064  AA 0.003 1.66  0.28   
  HA 0.023 -1.61  0.24   
  All 0.018 -0.18  0.46   
         
 DBP EA 0.020 -0.13  0.42   
  AA 0.003 0.48  0.63   
  HA 0.023 -0.69  0.40   
  All 0.018 -0.13  0.38   

MAF: minor allele frequency; Effect is in units of mm Hg difference for carriers of the 
minor allele; SBP: systolic blood pressure; DBP: diastolic blood pressure; EA: European 
ancestry; AA: African ancestry; HA: Hispanic ancestry 
 

Table S8. Conditional analysis of plasma lipids found to be significantly associated 
with ANGPTL4 p.E40K 
Lipid fraction Adjustment Effect P 
HDL None 0.29 8.2x10-11 
HDL TG 0.13 0.001 
TG None -0.33 1.6x10-13 
TG HDL -0.21 1.8x10-7 
HDL: high-density lipoprotein cholesterol; TG: log-transformed triglycerides. Adjustment 
refers to the additional covariate used in a conditional analysis. Effect refers to units of 
standard deviation. 
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Table S9. Null alleles discovered during follow-up sequencing of ANGPTL4 
Chr Pos Ref Alt Class Protein effect 
19 8429441 C - Frameshift p.C80Vfs12* 
19 8430916 C T Nonsense p.Q133* 
19 8431137 C T Nonsense p.R161* 

19 8431204 G A Splice-site 
(c.547+1G>A) N/A 

19 8436303 G - Frameshift p.G313Afs84* 
19 8438599 G A Nonsense p.W350* 
19 8438628 - CGGC Frameshift p.Q362Rfs13* 
19 8438638 C G Nonsense p.Y363* 
19 8438654 C T Nonsense p.Q369* 
19 8438697 G A Nonsense p.W383* 
Chr=Chromosome; Pos=Position (HG19); Ref=reference allele; Alt=alternate allele; ‘-‘ = 
no allele (i.e. indicates insertion when ‘-‘ is reference and deletion when ‘-‘ is alternate); 
N/A=not applicable 

 
Table S10. Association between ANGPTL4 null alleles and plasma lipid concentrations  
 Null allele 

carriers 
Non-carriers Estimated difference 

between carriers and non-
carriers* 

P 
value 

 

LDL 14 6,951 -11.53 mg/dl 0.30  
HDL 14 7,202 4.77 mg/dl 0.19  
TG 16 8,085 -35% 0.003  
*Estimated difference is summary effect estimate for carriers of ANGPTL4 null alleles 
when compared with non-carriers after adjusting for age, gender, study, and race. LDL: 
low-density lipoprotein cholesterol; HDL: high-density lipoprotein cholesterol; TG: log-
transformed triglycerides 

 
Table S11. Association between ANGPTL4 null alleles and risk for CAD  
Study Null allele 

carriers with 
CAD 

Total CAD 
cases 

Null allele carriers 
without CAD 

Total CAD 
controls 

ATVB 1 1794 7 1745 
BHF-FHS/ 
BRICCS/ 
UKAGS 

1 1201 1 1090 

ESP EOMI 3 770 1 860 
Lubeck MI 2 858 4 878 
Munich MI 1 369 3 338 
OHS 1 966 1 987 
PROCARDIS 0 966 2 936 
     
Total 9 6924 19 6834 
                              Odds ratio of disease for carriers = 0.47       P=0.041 
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Table S12. Association between LPL variation and risk for CAD 
rsID Chromosome

: Position 
Allele1/ 
Allele2 

Frequency 
(Allele1) 

Functional 
effect 

Stage OR P 

rs328 8:19819724 G/C 9.94% p.S447* Discovery 0.93 5.0x10-6 
     Replication 0.95 8.8x10-3 
     Combined 0.94 2.5x10-7 
rs1801177 8:19805708 A/G 1.9% p.D36N Discovery 1.12 1.6x10-3 
     Replication 1.16 0.04 
     Combined 1.13 2.0x10-4 
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