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eMethods. 

 

I.  CETP genetic scores 

Cholesteryl ester transfer protein (CETP) facilitates exchange of cholesteryl esters and triglycerides 

between HDL particles and atherogenic apolipoprotein B-containing lipoprotein particles in the plasma. 

Pharmacological CETP inhibition leads to decreased CETP activity which blocks the transfer of 

cholesterol from HDL to LDL particles resulting in an increase in the cholesterol content of HDL particles 

and a reduction in the cholesterol content of LDL and other apoB-containing lipoprotein particles.  As a 

result, CETP inhibition leads to an increase in plasma HDL-C and a decrease in plasma LDL-C 

concentration.  Similarly, genetic variants that are associated with lower CETP activity are also 

associated with higher HDL-C and lower LDL-C.  

 

Therefore, to create a genetic instrument that mimics the effect of a CETP inhibitor, we combined 

multiple independently inherited variants in the CETP gene to create a CETP genetic score.   This genetic 

score is an instrument that reflects the combined effect of all the variants included in the score on CETP 

activity.1   This CETP score should have a much larger effect on CETP activity and thus a much larger 

corresponding effect on CETP mediated changes in plasma HDL-C, LDL-C and apoB levels than any 

individual variant included in the score.   

 

To create a common set of variants across all included studies, we imputed genotypes within a 1 KB 

window of the CETP gene to the 1000 Genomes Project reference panel (v3 2011) using IMPUTE (v2.2) 

software.2,3  We excluded variants that were monomorphic across all samples, severely deviated from 

Hardy-Weinberg equilibrium (p < 1 × 10-6), did not have a call rate > 95% in each study, or had a minor 

allele frequency < 0.05.   

 

To select variants for inclusion in the CETP genetic score, we used the following protocol.  First, we 

tested the association of each variant in a linear regression model where the dependent variable was 

HDL-C (the major lipid effect of CETP inhibition) and independent variables were age, sex, study sample, 

and 5 principal components of ancestry to select the variant that was most strongly associated with 

HDL-C.  Next, we iteratively tested the association of each remaining variant in the same linear model 

where the dependent variable was HDL-C and independent variables were age, sex, study sample, 5 

principal components of ancestry, plus all variants selected in a previous step of the algorithm. The 
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variant that was associated with HDL-C in this conditional analysis with the lowest p-value below a 

threshold of 5 × 10-8 was added to the set of selected variants. Once a variant was included in the 

analysis, any other variant that was correlated with the selected variant at r2 > 0.4 was removed from 

the set of candidate variants. We then iteratively repeated this process until all variants were either 

selected, removed due to linkage disequilibrium with a selected variant, or were not strongly associated 

(p < 5 × 10-8) with HDL-C in the conditional analysis.  A schematic diagram of how the CETP genetic score 

was constructed is shown as eFigure 1.   

 

We defined the exposure allele for each variant as the allele associated with higher HDL-C.  To calculate 

the CETP genetic score for each participant, we multiplied the number of exposure alleles that a 

participant inherited at each variant included in the score by the conditional effect of that variant on 

HDL-C measured in mg/dL (conditional on all the other variants in the score) as estimated above.  We 

then summed these values to create a weighted CETP genetic score for each participant.   When 

calculating the weighted genetic scores, missing values for any variant were imputed as the mean 

expected conditional effect of that variant on HDL-C.  To avoid potential bias toward the null from 

excessive imputation of mean values, we excluded participants who had missing values for two or more 

variants in any score from all analyses involving that score.  

 

We also constructed an HMGCR genetic score using a similar protocol, as described previously.5   

 

II.  Allocation into exposure groups 

Because all variants included in the genetic scores are inherited approximately randomly at the time of 

conception in a process sometimes referred to as Mendelian randomization,1 and because each variant 

is inherited approximately independently of all other variants included in the score due to low linkage 

disequilibrium (by definition of the scores), the number of exposure alleles that a participant inherits in 

a genetic score should also be random.   

 

We dichotomized each genetic score as having a value above or below the median score for participants 

in the population under study.   Because the number of exposure alleles that a participant inherits in a 

score should be random, dichotomizing the genetic score as above and below the median can therefore 

be used as an instrument to randomly allocate the population under study into two approximately equal 

sized groups.   
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We chose to dichotomize the genetic scores in the primary analysis and use the dichotomized score as 

an instrument to randomly allocate study participants into two approximately equal sized groups for 

two reasons.  First, randomly allocating study participants into two approximately equal sized groups 

would give our study the same structure as a randomized trial evaluating a CETP inhibitor.  We designed 

our Mendelian randomization study to have the same structure as a randomized trial evaluating a CETP 

inhibitor (both alone and in combination with a statin) for clarity of presentation and to facilitate ease of 

interpretation for a clinical audience.  Second, using the genetic scores to randomly allocate the 

population into approximately equal sized groups permitted us to directly estimate the separate and 

combined effect of variants that mimic the effect of CETP inhibitors and statins using a 2x2 factorial 

study design.5,6   

 

To evaluate dose-response, we allocated participants into four groups based on the quartile value of 

their CETP genetic score.  Because the number of exposure alleles that a person inherits in the CETP 

score should be random, allocation to each CETP genetic score quartile should also be random.   

 

To conduct the 2x2 factorial analysis comparing the separate and combined effects of variants that 

mimic the effect of CETP inhibitors and statins, study participants were first allocated into two groups 

based on whether their HMGCR genetic score was above or below the median value.  Subjects in either 

of these two groups were then allocated into two further groups based on whether their CETP genetic 

score was above or below the median value.  Because all variants included in either score are inherited 

approximately randomly and approximately independently of each other due to low linkage 

disequilibrium; and because CETP and HMGCR genes are located on different chromosomes and 

therefore inherited independently of the other, this process should randomly allocate the study 

population into 4 approximately equal-sized groups: a group with both CETP and HMGCR scores below 

the median (the reference group analogous to a placebo group), a group with CETP scores above the 

median (analogous to treatment with a CETP inhibitor), a group with the HMGCR scores above the 

median (analogous to treatment with a statin), and a group with both the CETP and HMGCR scores 

above the median (analogous to treatment with combination of a CETP inhibitor and a statin).4,5      

 

The success of the naturally random allocation scheme was assessed by comparing baseline 

characteristics among participants in each of the groups being compared.  Continuous variables were 
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compared using a t-test, dichotomous (and ordinal) variables were compared using a chi-square test, 

and non-normally distributed variables were compared using non-parametric rank tests or empirical 

resampling.   

 

III.  Harmonized definition of cardiovascular outcome events 

As part of a larger project, we first harmonized the definition of all cardiovascular-related outcome 

variables in each of the 14 studies listed in eTable 1.  We then re-coded individual level data for each 

study participant as necessary to satisfy the harmonized variable definitions to the extent possible, as 

described below.   

 

In general, and where possible, we only included the outcomes of coronary heart disease death (as 

adjudicated by the individual studies); “definite” myocardial infarction (excluding “silent MI”, “possible 

MI”, “probable MI”, “ECG-detected prior MI” and “resuscitated cardiac arrest”); coronary 

revascularization (defined as “angioplasty”, “percutaneous coronary intervention” or “coronary artery 

bypass grafting”); stroke (using “ischemic stroke” only in studies that sub-divided stroke by type and 

specifically excluding “haemorrhagic stroke”, “embolic stroke” or “unknown stroke type” when 

possible).  We created new reconciled study outcome variables in each data set using the definitions 

described above.   

 

The primary cardiovascular outcome for our study was major vascular events (MVE), defined as a 

composite of the first occurrence of non-fatal MI, coronary revascularization, stroke or coronary death.  

We used both prevalent and incident cases of MI, coronary revascularization and stroke in the primary 

composite to meet the definition of “first occurrence” (understanding that all coronary deaths during 

follow-up were necessarily incident events) in the cohort studies.  Therefore, the primary cardiovascular 

outcome MVE is a composite of prevalent MI, prevalent coronary revascularization or prevalent stroke; 

or the first occurrence of incident non-fatal MI, incident coronary revascularization, incident stroke or 

coronary death.   

 

We did not recode the “case” definition for the case-control studies.  In the six (6) Myocardial Infarction 

Genetics (MIGEN) Consortium case-control studies, all “cases” were MI.7  Therefore, these “cases” 

satisfied the primary outcome definition for MVE and were included in the primary composite outcome.    
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In the Wellcome Trust Case-Control Consortium (WTCCC) study, case subjects had a history of either 

myocardial infarction or coronary revascularization before the age of 66 years, and a family history of 

coronary artery disease.8   Of the 1,926 WTCCC “case” subjects, 1,377 had MI (71.5%) and the remaining 

549 had coronary revascularization (202 PCI; 347 CABG) as the case ascertainment event.  Because both 

“case” ascertainment events were included in the primary outcome definition of MVE, all 1,926 WTCCC 

CAD “cases” were included in the composite primary cardiovascular event outcome.   

 

IV. Analytic methods 

The association between each dichotomized weighted genetic score and various plasma biomarkers was 

evaluated using linear regression, and the association with MVE was evaluated using logistic regression 

(for combined prevalent and incident outcomes) or proportional hazards models (for incident events).  

All analyses were adjusted for age, gender and the first five principal components of ancestry.   

 

In the main analysis, the group with CETP scores below the median was used as the reference group.  In 

the dose response analyses, the group with the lowest CETP quartile score was used as the reference 

group.  In the 2x2 factorial analysis, the group with both the CETP and HMGCR score below the median 

was used as the reference group.  In the stratified analyses, we compared the group with CETP scores 

above the median with the group that had CETP scores below the median (reference group) separately 

among participants with HMGCR scores above and below the median, respectively.   

 

All analyses were conducted separately in each of the 14 studies listed in eTable 1.  Within each study 

population, all analyses were conducted separately among each included ethnic group to minimize the 

potential for confounding by population stratification bias before being combined to produce the study 

specific summary estimate of effect.   

 

A matrix of genetic correlations between variants was estimated in participants not having a previous 

MVE event at baseline only.  The summarized genetic association estimates for each study were 

combined into Mendelian randomization estimates using weighted generalized linear regression 

accounting for the correlation between variants. If variants were uncorrelated, this method would be 

equivalent to combining the variant-specific causal estimates in an inverse-variance weighted meta-

analysis (or combining the variants into a single genetic score variable and calculating the Mendelian 

randomization ratio estimate using this score). The regression model was: 
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𝛽𝛽𝑌𝑌 =  𝜃𝜃 𝛽𝛽𝑋𝑋 + 𝜀𝜀, 𝜀𝜀 ~ 𝑁𝑁(0,Ω) 

 

where 𝜃𝜃 is the Mendelian randomization causal estimate, 𝛽𝛽𝑋𝑋  is a vector of the genetic associations 

(beta-coefficients) with the risk factor, 𝛽𝛽𝑌𝑌 is a vector of the genetic associations with the outcome, and 

the weighting matrix Ω has terms Ω𝑗𝑗1𝑗𝑗2 = 𝜎𝜎𝑌𝑌𝑗𝑗1𝜎𝜎𝑌𝑌𝑗𝑗2ρ𝑗𝑗1𝑗𝑗2 , where 𝜎𝜎𝑌𝑌𝑗𝑗 is the standard error of the genetic 

association with the outcome for the jth variant, and ρ𝑗𝑗1𝑗𝑗2  is the correlation between the j1th and j2th 

variants. The causal estimate from this weighted generalized linear regression is 

(𝛽𝛽𝑋𝑋
𝑇𝑇Ω−1𝛽𝛽𝑋𝑋)−1𝛽𝛽𝑋𝑋

𝑇𝑇Ω−1𝛽𝛽𝑌𝑌, and the standard error is 𝜎𝜎�(𝛽𝛽𝑋𝑋
𝑇𝑇Ω−1𝛽𝛽𝑋𝑋)−1, where T is a matrix transpose, 

and 𝜎𝜎 is the maximum of the residual standard error from the regression model and 1. This is equivalent 

to assuming a multiplicative random-effects model on the variant-specific causal effect estimates. By 

fixing 𝜎𝜎 to be no lower than 1, we ensure that the random-effects analysis is no more precise than a 

fixed-effect analysis would be.  This method has been described previously and was implemented using 

the MendelianRandomization package in R (available for download at https://cran.r-

project.org/web/packages/MendelianRandomization/).9 When run as a fixed-effect analysis, it is 

equivalent to the commonly-used two-stage least squares method that requires individual-level data. 

 

We did not adjust for the use of lipid-lowering therapy.  We chose not to adjust for the use of lipid-

lowering therapy for three reasons.   First, we recognize that the use of lipid-lowering therapy has the 

potential to bias our effect estimates toward the null when measuring the effect of the genetic scores 

on both LDL-C and the risk of cardiovascular events.  We were willing to accept this potential bias 

toward the null to adopt the most conservative analysis strategy possible.  Second, we wanted to 

perform the same analyses using the same methods in all 14 of the included studies to avoid introducing 

any potential bias.  Because we did not have data on lipid-lowering therapy for participants in the case-

control studies, we did not want to analyze the case-control and cohort studies differently by adjusting 

for lipid lowering therapy only in the cohort studies.   Third, we were willing to accept that our point 

estimates of effect may be biased toward the null because estimating the precise magnitude of these 

point estimates of effect was not the primary goal of the study.  Instead, the primary goal of the study 

was to compare the relative magnitude of the point estimates of effect for the CETP genetic score per 

unit change in HDL-C, LDL-C, ApoB and LDL particle number, respectively, alone and in combination with 
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variants that mimic the effect of statins to make inferences about whether the clinical benefit of 

lowering LDL-C is influenced by how LDL-C is lowered.   

 

V. External replication 

To provide external validation, we compared the effect of lower CETP scores on the risk of CHD in up to 

62,240 cases and 127,299 control subjects enrolled in the CARDIoGRAMplusC4D consortia studies.10 

 

As has been previously demonstrated, for a set of genetic markers with small effect size and in linkage 

equilibrium with each other, regression on a genetic risk score can be reconstructed from regressions on 

the individual polymorphisms without further access to individual-level data.11  This is accomplished by 

weighting the association between each exposure allele and the risk of the outcome of interest by the 

effect size of the exposure allele on the modifiable exposure of interest, and then combining these 

weighted effect estimates to produce an overall weighted summary estimate of effect. 

 

To calculate the effect of the CETP genetic score on the risk of CHD using the available summary data, 

we looked-up the association between each variant included in the CETP genetic score and the risk of 

coronary heart disease (CHD) as reported by the CARDIoGRAMplusC4D consortium 

(www.CARDIOGRAMPLUSC4D.org).10  We adjusted the reported CHD effect size (and the corresponding 

standard error) by the effect of that variant on HDL-C (measured in mg/dl) as reported by the Global 

Lipids Genetic Consortium (GLGC) using the usual ratio of effect estimates method.12   We then 

combined the adjusted effect estimates in a fixed-effects inverse-variance weighted meta-analysis to 

produce a CETP genetic scores that represent a summary estimate of the combined effect of the 

variants included in the score on the risk of CHD.  To allow direct comparisons of these replication effect 

size estimates with the estimates from the main analysis, we scaled the effect of the summarized CETP 

scores on CHD by the difference in HDL-C observed between the groups with CETP scores above and 

below the median obtained from the individual participant data analysis.   

 

VI. External validation 

To externally validate our results, we conducted a genome-wide association study searching for variants 

that have naturally occurring discordance between changes in LDL-C and apoB concentration similar in 

magnitude to the discordance that occurs when CETP and HMGCR variants are combined. This GWAS 

used an additive genetic model to test for univariate associations between genome wide single-

© 2017 American Medical Association. All rights reserved. 



nucleotide variant (SNV) panels imputed to 39 million genetic markers and 233 human blood lipid and 

metabolite concentrations quantified by high-throughput NMR spectroscopy metabolomics in up to 

65,829 participants from 15 European studies (eTable 10).13  

 

Individual participant data from the INTERVAL study was used in the discovery analysis.  The INTERVAL 

bioresource is a study of approximately 48,000 blood donors consented and recruited between 2012 

and 2014 from 25 static NHSBT (National Health Service Blood and Transplant) blood donor centres 

across England.  Donors were aged between 18 and 80 at recruitment, with approximately equal 

numbers of men and women, and are predominantly healthy due to their regular blood donation. 

Participants provided a research blood sample at recruitment (prior to their regular blood donation), 

which was fractionated into serum, plasma and buffy coat for DNA extraction.  

 

DNA was extracted by LCG Genomics (UK) using a Kleargene method and aliquots were shipped on 96-

well plates to Affymetrix laboratories in Santa Clara, California (US) for genotyping in batches of 

approximately 5000 samples. Samples were genotyped using the Affymetrix UK Biobank Axiom 

genotyping array containing approximately 830,000 genetic variants and called using the Axiom GT1 

genotyping algorithm. After QC, participants were imputed to a combined 1000 Genomes Phase 

3/UK10K reference panel using SHAPEIT3 and the PBWT imputation algorithm, resulting in 87,696,910 

imputed variants. After filtering, approximately 37 million variants remained for analysis. 

 

For NMR analysis, 250µl of serum was aliquoted and shipped to Nightingale Health (formerly 

Brainshake, Oulu, Finland) for assay. The platform uses automated NMR spectroscopy to provide 

absolute quantification of ~230 metabolic measures, including amino acids, fatty acids, glycolysis 

metabolites, lipids and lipoproteins. The assay includes measures of LDL-cholesterol and apolipoprotein 

B, which have been shown to correlate extremely well with conventional enzymatic assay methods for 

their quantification (Wurtz et al, Am J Epid, 2017).  

 

Data from the INTERVAL study and the 14 European cohort studies listed in eTable 2 were then 

combined into a single GWAS.  We excluded variants with a minor allele frequency < 0.01, and 

inadequate imputation quality (proper info < 0.4).  After filtering, the effect size estimate for each 

variant was combined across all 15 studies in an inverse-variance weighted fixed effects meta-analysis to 

produce overall summary estimates of the effect of each variant on LDL-C and apoB, respectively.  We 
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then selected all variants that were associated with LDL-C at a threshold value of p < 5 x 10-4 and had at 

least a 2-fold greater effect on LDL-C as compared to apoB measured in mg/dL.  We filtered all variants 

with a r2 > 0.05 with the lead variant in each region to identify the final set of variants with naturally 

occurring discordant effects on LDL-C and apoB.    

 

Next, we looked-up the association between each discordant variant and the risk of CHD as reported by 

the CARDIoGRAMplusC4D consortium.10 We then adjusted the effect size for each discordant variant on 

CHD (and its standard error) by its effect on LDL-C (measured in 10 mg/dL increments).  Specifically, we 

multiplied the natural logarithm of the odds ratio (and the corresponding standard error) for the 

association with CHD for each discordant variant by the reciprocal of its effect on LDL-C measured in 

units of 10 mg/dL and then combined these adjusted effect estimates in an inverse-variance weighted 

fixed effects meta-analysis to produce an overall summary estimate of effect for a genetic score 

consisting of these discordant variants on the risk of CHD per 10 mg/dl decrease in LDL-C.  Similarly, we 

then adjusted the effect of each discordant variant on CHD (and its standard error) by its effect on apoB 

(measured in 10 mg/dL increments) and then combined these adjusted effect estimates in an inverse-

variance weighted fixed effects meta-analysis to produce an overall summary estimate of the effect of 

the discordant variant score on the risk of CHD per 10 mg/dl decrease in apoB. 

 

For comparison, we selected 36 variants that were reported to be primarily associated with LDL-C at 

genome wide significance level in GLGC and looked up the effect of each of these variants on the risk of 

CHD as reported by the CARDIoGRAMplusC4D consortium.  We then adjusted the effect of each LDL-C 

variant on CHD (and its standard error) by its effect on LDL-C (measured in 10 mg/dL increments on the 

same high-throughput NMR spectroscopy metabolomic platform) to produce an overall summary 

estimate of the effect of this 36-variant LDL-C score on the risk of CHD per 10 mg/dL lower LDL-C.  

Similarly, we then adjusted the effect of each LDL-C variant on CHD (and its standard error) by its effect 

on apoB (measured in 10 mg/dL increments on the same high-throughput NMR spectroscopy 

metabolomic platform) and then combined these adjusted effect estimates in an inverse-variance 

weighted fixed effects meta-analysis to produce an overall summary estimate of the effect of the LDL-C 

score on the risk of CHD per 10 mg/dl decrease in apoB. 
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Finally, we compared the effects of the discordant variant genetic score and the 36-variant LDL-C genetic 

score on the risk of CHD per 10 mg/dL lower LDL-C, and per 10 mg/dL lower apoB, respectively, using a 

z-score. 

 

In sensitivity analyses, the standardized effect estimates for each score were also calculated using linear 

regression analysis forced to pass through the origin (by leaving out the constant term in the regression 

equation) and coding the effect of each genetic variant in units of 10 mg/dl LDL-C or 10 mg/dl of ApoB, 

respectively.  This method provides numerically and computationally equivalent results to a meta-

analysis of standardized effect estimates using the ratio of effect estimates method as described above.  

We also calculated MR-Egger estimates of causal effect of either score on CHD by directionally aligning 

the effect of each variant on LDL-C (and apoB) and then using linear regression analysis retaining the 

constant term to estimate the causal effect of each score on the risk of CHD per 10 mg/dL lower LDL-C 

and per 10 mg/dL lower apoB, respectively (eTable 12).14   
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Candidate gene Association Resource (CARe): The MESA CARe data used for the analyses described in 

this manuscript were obtained through dbGaP (accession numbers). Funding for CARe genotyping was 

provided by NHLBI Contract N01-HC-65226. 

 

Coronary Artery Risk Development in Young Adults (CARDIA) 20 

DbGaP dataset reference: The datasets used for the analyses described in this manuscript were obtained 

from dbGaP at http://www.ncbi.nlm.nih.gov/sites/entrez?db=gap through dbGaP Study Accession: 

phs000285.v3.p2 

 

The research reported in this article was supported by contract numbers HHSN268201100006C, 

HHSN268201100007C, HHSN268201100008C, HHSN268201100009C, HHSN268201100010C, 

HHSN268201100011C, and HHSN268201100012C; all from the National Heart, Lung, and Blood Institute; 

National Institutes of Health; Bethesda, MD, USA.  A full list of principal ARIC investigators and 

institutions can be found at http://www.cardia.dopm.uab.edu/.  This manuscript was not prepared in 

collaboration with CARDIA investigators and does not necessarily reflect the opinions or views of 

CARDIA, or the NHLBI. 

 

Candidate Gene Association Resource (CARe) - Support for the genotyping through the CARe Study was 

provided by NHLBI Contract N01-HC-65226. 

GENEVA (Gene-Environment Association Studies) - Support for the genotyping through the GENEVA 

Study was provided by the NIH GEI U01HG004438, U01HG04424, and HHSN268200782096C 

 

Women's Health Initiative (WHI) 21 

DbGaP dataset reference: The datasets used for the analyses described in this manuscript were obtained 

from dbGaP at http://www.ncbi.nlm.nih.gov/sites/entrez?db=gap through dbGaP Study Accession: 

phs000200.v9.p3 

 

The WHI program is funded by the National Heart, Lung, and Blood Institute, National Institutes of 

Health, U.S. Department of Health and Human Services through contracts N01WH22110, 24152, 32100-

2, 32105-6, 32108-9, 32111-13, 32115, 32118-32119, 32122, 42107-26, 42129-32, and 44221. This 

manuscript was not prepared in collaboration with investigators of the WHI, has not been reviewed 
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and/or approved by the Women’s Health Initiative (WHI), and does not necessarily reflect the opinions 

of the WHI investigators or the NHLBI. 

 

PAGE: WHI PAGE is funded through the NHGRI Population Architecture Using Genomics and 

Epidemiology (PAGE) network (Grant Number U01 HG004790). Assistance with phenotype 

harmonization, SNP selection, data cleaning, meta-analyses, data management and dissemination, and 

general study coordination, was provided by the PAGE Coordinating Center (U01HG004801-01). 

 

GARNET: Funding support for WHI GARNET was provided through the NHGRI Genomics and Randomized 

Trials Network (GARNET) (Grant Number U01 HG005152). Assistance with phenotype harmonization and 

genotype cleaning, as well as with general study coordination, was provided by the GARNET 

Coordinating Center (U01 HG005157). Assistance with data cleaning was provided by the National 

Center for Biotechnology Information. Funding support for genotyping, which was performed at the 

Broad Institute of MIT and Harvard, was provided by the NIH Genes, Environment and Health Initiative 

[GEI] (U01 HG004424). 

 

SHARe: Funding for WHI SNP Health Association Resource (SHARe) genotyping was provided by NHLBI 

Contract N02-HL-64278. 

 

Myocardial Infarction Genetics Consortium (MIGen) 7 

DbGaP dataset reference: The datasets used for the analyses described in this manuscript were obtained 

from dbGaP at http://www.ncbi.nlm.nih.gov/sites/entrez?db=gap through dbGaP Study Accession: 

phs000294.v1.p1  Funding Source:  R01 HL087676. National Institutes of Health, Bethesda, MD, USA 

 

Wellcome Trust Case Control Consortium (WTCCC) 8 

The principal funder of this project was the Wellcome Trust.  Case collections were funded by: Arthritis 

Research Campaign, BDA Research, British Heart Foundation, British Hypertension Society, Diabetes UK, 

Glaxo-Smith Kline Research and Development, Juvenile Diabetes Research Foundation, National 

Association for Colitis and Crohn's disease, SHERT (The Scottish Hospitals Endowment Research Trust), St 

Bartholomew's and The Royal London Charitable Foundation, UK Medical Research Council, UK NHS 

R&D and the Wellcome Trust. 
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Global Lipid Genetic Consortium (GLGC) 12 

Data on coronary artery disease / myocardial infarction have been contributed by Global Lipids Genetics 

Consortium investigators and have been downloaded from: 

www.sph.umich.edu/csg/abecasis/public/lipids2013/ 

 

CARDIoGRAMplusC4D Consortium 10 

External replication and validation study data on coronary artery disease / myocardial infarction have 

been contributed by CARDIoGRAMplusC4D investigators and have been downloaded from: 

www.CARDIOGRAMPLUSC4D.ORG 

 

MAGNETIC NMR GWAS13 

External validation data from a genome-wide association study of 39 million genetic markers and 233 

human blood lipid and metabolite concentrations, including the lipid concentrations and composition of 

14 lipoprotein subclasses, quantified by automated high-throughput serum NMR metabolomics platform 

in 14 genotyped data sets derived from ten European studies for up to 24,925 individuals was provided 

by: http://www.computationalmedicine.fi/data/NMR_GWAS/ 

 

INTERVAL Bioresource 22 

External validation data from a genome-wide association study of 39 million genetic markers and 233 

human blood lipid and metabolite concentrations quantified by automated high-throughput serum NMR 

metabolomics platform in up to 40,904 participants enrolled in the INTERVL trial, a randomised trial 

assessing how often blood donors can safely give whole blood.  Data provided by the Cardiovascular 

Epidemiology Unit, University of Cambridge.   

 

Additional Data Sources: 

Data on SNP annotation, proxy search and estimates of pairwise linkage disequilibrium metrics was 
obtained from SNAP: SNP Annotation and Proxy Search Version 2.2 23 
https://www.broadinstitute.org/mpg/snap/index.php 
 
SNAP development is funded, in part, by the NHLBI CARe (Candidate Gene Resource) grant (N01-HC-
65226) and by NHLBI's Framingham Heart Study (N01-HC-25195).  
 
Data on genotyping platform specific SNP identification was obtained from NCBI dbSNP Human Build 
141:  http://www.ncbi.nlm.nih.gov/SNP/ 
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eTable 1. Included Studies and Genotyping Platforms 
 
 
 
Study 

 
Total No. 

Participants 

 
No. Primary 
CV Events 

 

 
Follow-up 

(Years) 

 
 
Included Genetic Sub-studies 

 
 
Genotyping Platforms 

      
Atherosclerosis Risk in Communities 
Study (ARIC) 15 

15,164 2,663  16 phs000090 GENEVA_ARIC 
phs000557 ARIC_CARe 

Affymetrix  AFFY_6.0 
Illumina  CVDSNP55v1_A 

Cardiovascular Health Study (CHS) 16 5,583 2,009  14 phs000377 CARe Cardiovascular Health Study 
phs000226 STAMPEED: Cardiovascular Health 
Study 

Illumina  CVDSNP55v1_A 
Illumina HumanOmni1-Quad_v1-0_B 

The Framingham Heart Study (FHS):                       
 

Original Cohort 17 
Offspring Cohort 18 

 
 

5,209 
5,124 

 
 

448  
627 

 
 

54 
32 

phs000342 Framingham SHARe 
phs000282 Framingham CARe 

Affymetrix  HuGeneFocused 50K_Affy 
Affymetrix 500K Set 
(Mapping250K_Nsp and 
Mapping250K_Sty Arrays) 
Illumina  CVDSNP55v1_A 

Multi-Ethnic Study of 
Atherosclerosis (MESA) 19 
 

7,976 468  10 phs000420 MESA SHARe 
phs000283 MESA CARe 

Affymetrix  AFFY_6.0 
Illumina  CVDSNP55v1_A 

Coronary Artery Risk Development 
in Young Adults (CARDIA) 20 

3,622 21  15 phs000309 GENEVA_CARDIA 
phs000613 CARDIA_CARe 

Affymetrix  AFFY_6.0 
Illumina  CVDSNP55v1_A 

Women's Health Initiative (WHI) 21 49,115 2692  16 phs000386 WHI SHARe 
phs000315 WHI GARNET 
phs000227 PAGE WHI 

Affymetrix  AFFY_6.0 
Illumina  HumanOmni1-Quad_v1-0_B 
Illumina  Cardio-
Metabo_Chip_11395247_A 

Myocardial Infarction Genetics 
Consortium (MIGen) 7 

ATVB  
FINRISK  
HARPS 

MALMO  
MGH-PCOD 

REGICOR 

 
 

3,361 
339 

1,064 
185 
464 
629 

 
 

1,693 
167 
505 
86 

204 
312 

 
 

Case-control 
Case-control 
Case-control 
Case-control 
Case-control 
Case-control 

phs000294 STAMPEED: Myocardial Infarction 
Genetics Consortium (MIGen) 

Affymetrix  AFFY_6.0 
 

Wellcome Trust Case Control 
Consortium (WTCCC) 8 

5,002 1926 Case-control 1958 British Birth Cohort controls (1504) 
UK National Blood Service controls (1500) 
Coronary Artery Disease (CAD) cases (1998)  

Affymetrix 500K (Mapping250K_Nsp 
and Mapping250K_Sty Arrays) 
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eTable 2.  Studies Included in the Discordant Variant GWAS 

 
Study  No. participants 
The Estonian Biobank is the population-based biobank of the Estonian Genome 
Center of the University of Tartu EGCUT 24 

 
3,287 

The Erasmus Rucphen Family ERF 25 2,118 
Finnish twin cohort FTC 26 664 
FINRISK FR97 27 3,661 
COROGENE 28 828 
Health2000 GenMets Study GenMets 29 572 
Helsinki Birth Cohort Study HBCS 30 708 
Cooperative Health Research in the Region of Augsburg KORA 31 1,745 
Leiden Longevity Study LLS 32 2,227 
The Netherlands Twin Register NTR 33 1,192 
Northern Finland Birth Cohort 1966 NFBC 1966 34 4,709 
PredictCVD (FINRISK subsample of incident cardiovascular cases and controls) 35 374 
PROTE 24 597 
Cardiovascular Risk in Young Finns Study YFS 36 2,390 
Interval Study Bioresource 22 40,904 

Total 65,976 
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eTable 3.  Baseline Characteristics of Study Sample Participants 
 

Baseline Characteristic  Mean (SD or IQR) 
  
Sample Size 102,837 
No. Included Studies 14 
Age (years) 59.9 (±6.5) 
Women (%) 59.1% 
Low density lipoprotein cholesterol (mg/dl) 129.7 (±32.0) 
Apolipoprotein B (mg/dl) 101.4 (±23.7) 
High density lipoprotein cholesterol (mg/dl) 52.0 (±15.4) 
Triglycerides (mg/dl)* 117.6 (84-163) 
Total cholesterol (mg/dl) 206.6 (±36.5) 
High density lipoprotein cholesterol (mg/dl); [total cholesterol less high 
density lipoprotein cholesterol] 

154.9 (±38.3) 

Systolic blood pressure (mmHg) 127.3 (±17.9) 
Diastolic blood pressure (mmHg) 75.0 (±10.1) 
Weight (lbs) 169.1 (±32.6) 
Body mass index (kg/m2) 27.7 (±5.0) 
Prevalent diabetes (%) 4.2 
Prevalent cardiovascular disease (%) 1.8 
Ever smoker (%) 52.9 

 
 
eTable 3 Legend:  Prevalent Diabetes and Prevalent Cardiovascular Disease refer to the percentage of participants with a history of diabetes (Prevalent 
Diabetes), or a history of myocardial infarction, stroke or coronary revascularization (Prevalent Cardiovascular Disease) at the time of enrollment into the 
included prospective cohort studies.  Triglycerides are given as median (inter-quartile range); all other continuous variables are given as mean (± standard 
deviation). Dichotomous variables are given as percentages.  Values in the table represent weighted mean values of the baseline characteristics for the entire 
study sample, after combining study specific estimates in an inverse variance-weighted meta-analysis.  
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eTable 4 CETP Variants Included in Genetic Score and Their Association With HDL-C & LDL-C in the Global Lipids Genetics Consortium 
 

 
SNP 

 
Effect 
Allele 

 
Effect Allele 
frequency 

 
Sample Size 

(n) 

 
HDL-C effect 
size (mg/dl) 

 
HDL-C (95% CI) 

 
 

P 

 
LDL-C effect 
size (mg/dl) 

 
LDL-C (95% CI) 

 
 

P 
rs3764261 A 0.2942 164,865 3.618 3.50, 3.74 1.39E-769 -1.690 -1.43, -1.95 2.22E-34 
rs1800775 A 0.4802 168,024 3.040 2.93, 3.15 3.33E-644 -1.318 -1.08, -1.56 8.54E-24 
rs1864163 G 0.7322 171,395 3.370 3.24, 3.50 3.56E-573 -1.398 -1.12, -1.68 7.97E-21 
rs9929488 G 0.6966 143,288 2.635 2.50, 2.76 1.15E-312 -1.194 -0.89, -1.51 8.15E-13 
rs9989419 G 0.5950 163,625 2.209 2.09, 2.32 1.79E-339 -0.886 -0.64, -1.13 2.49E-12 
rs12708967 T 0.8034 171,501 2.908 2.76, 3.05 3.12E-326 -1.120 -0.80, -1.44 3.47E-11 
rs289714 A 0.7942 169,344 3.214 3.06, 3.37 8.72E-353 -1.146 -0.81, -1.49 2.85E-10 
rs5880 G 0.9406 161,383 4.606 4.32, 4.89 1.37E-233 -1.504 -0.90, -2.11 1.59E-06 

 
eTable 4 Legend: HDL-C effect size, measured in mg/dl, was used to weight each variant in the external replication summarized CETP genetic score.  For each 
variant, the magnitude of the exposure allele (the allele associated with higher HDL-C) association with each lipid or lipoprotein is given. For example, the 
exposure allele for variant rs3764261 has a frequency of 29.4% and each copy of this exposure allele is associated with 3.6 mg/dL higher HDL-C, and 1.7 mg/dL 
lower LDL-C.  Both associations are highly significant (per allele association with HDL-C p= 1.39E-769; and per allele association with LDL-C is  p=2.22E-34).    
 
 
eTable 5. Linkage Disequilibrium Matrix for Variants Included in the CETP Genetic Score 
 

 rs3764261 rs1800775 rs1864163 rs9929488 rs9989419 rs12708967 rs289714 rs5880 
rs3764261  0.396 0.176 0.103 0.124 0.074 0.006 0.028 
rs1800775 0.396  0.382 0.135 0.157 0.011 0.082 0.008 
rs1864163 0.176 0.382  0.232 0.218 0.088 0.324 0.104 
rs9929488 0.103 0.135 0.232  0.235 0.294 0.399 0.113 
rs9989419 0.124 0.157 0.218 0.235  0.128 0.048 0.002 
rs12708967 0.074 0.011 0.088 0.294 0.128  0.124 0.207 
rs289714 0.006 0.082 0.324 0.399 0.048 0.124  0.262 
rs5880 0.028 0.008 0.104 0.113 0.002 0.207 0.262  

 
eTable 5 Legend: Values represent r2 values, a measure of linkage disequilibrium.  r2 values range from 0 to 1; with 0 representing complete equilibrium (no 
evidence for linkage disequilibrium) and 1 representing complete disequilibrium. Variants were included in the score if they had an r2 value < 0.4 with all other 
variants included in the score using the conditional forward step-wise procedure described in the eMethods.  
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eTable 6. HMGCR Variants Included in Genetic Score and Their Association With LDL-C in the Global Lipids Genetics Consortium 
 

 
 
SNP 

 
 

position 

 
Sample size 

(N) 

Frequency 
of LDL-C 
lowering 

allele 

 
LDL-C effect 
size (mg/dl) 

 
 
LDL-C (95% CI) 

 
 

P 

rs12916 chr5:74656539 168357 0.5686 -2.346 -2.11, -2.58 7.79E-78 
rs17238484  chr5:74648496 80959 0.7467 -2.006 -1.62, -2.40 1.35E-21 
rs5909 chr5:74656175 89875 0.8984 -1.974 -1.42, -2.53 4.93E-13 
rs2303152 chr5:74641707 160116 0.8799 -1.354 -0.95, -1.76 1.04E-09 
rs10066707 chr5:74560579 89888 0.5831 -1.590 -1.25, -1.93 2.97E-19 
rs2006760 chr5:74562029 89885 0.8140 -1.706 -1.23, -2.18 1.67E-13 

 
 
eTable 6 Legend: LDL-C effect size, measured in mg/dl, was used to weight each polymorphism in the HMGCR genetic score in the external replication 
summarized HMGCR genetic score.  For each variant, the magnitude of the exposure allele (the allele associated with higher LDL-C) association with LDL-C is 
given. For example, the exposure allele for variant rs12916 has a frequency of 56.9% and each copy of this exposure allele is associated with 2.3 mg/dL mg/dL 
lower LDL-C.  This associations is highly significant (per allele effect association with LDL-C is 7.79E-78).    
 
 
eTable 7. Linkage Disequilibrium Matrix for Variants Included in the HMGCR Genetic Score 
 

 rs12916 rs17238484 rs5909 rs2303152 rs10066707 rs2006760 
rs12916  0.368 0.239 0.082 0.289 0.176 
rs17238484  0.368  0.036 0.222 0.244 0.024 
rs5909 0.239 0.036  0.008 0.168 0.272 
rs2303152 0.082 0.222 0.008  0.020 0.010 
rs10066707 0.289 0.244 0.168 0.020  0.297 
rs2006760 0.176 0.024 0.272 0.010 0.297  

 
 
eTable 7 Legend: Use of an alternative HMGCR score not including rs17238484 and with an r2 threshold < 0.20 for all included polymorphisms returned 
essentially identical results for all analyses.  In forward step-wise regression models using participant-level data, all polymorphisms included in the HMGCR 
score (including rs17238484) were confirmed to have independent effects on LDL-C.  
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eTable 8. Genetic Score Distributions for Each Group for All Analyses 
 
Analysis Genetic Score median mean IQR range 
      
Overall CETP overall 34.8 34.4 28.3-41.1 0-54.3 
 HMGCR score 16.8 16.9 14.6-20.8 4.1-22.4 
      
Primary Analysis CETP score ≥ median 41.1 41.8 37.9-44.8 34.8-54.3 
 CETP score < median 28.3 26.9 23.2-32.0 0-34.7 
      
Dose Response CETP score quartile 4 44.8 45.9 42.2-49.0 41.2-54.3 
 CETP score quartile 3 37.9 37.7 35.9-39.3 34.8-41.1 
 CETP score quartile 2 32.0 31.7 29.7-32.8 28.3-34.7 
 CETP score quartile 1 23.3 22.2 19.5-25.8 0-28.3 
      
2x2 Factorial Analysis  

CETP score 
    

 Both scores ≥ median 40.9 41.7 37.8-44.7 34.8-54.3 
 HMGCR score ≥ median  28.1 26.7 23.1-31.8 0-34.7 
 CETP score ≥ median 41.4 41.9 37.9-45.1 34.8-54.3 
 Both scores < median 28.4 26.9 23.3-31.8 0-34.7 
      
 HMGCR score     
 Both scores ≥ median 20.8 20.9 19.1-22.4 16.8-22.4 
 HMGCR score ≥ median  20.8 20.6 19.1-22.3 16.8-22.4 
 CETP score ≥ median 14.6 13.8 11.8-16.2 4.1-16.7 
 Both scores < median 14.6 13.5 12.2-16.2 4.1-16.7 
      
Stratified Analysis HMGCR score < median     
 CETP score ≥ median 41.4 41.9 37.9-45.1 34.8-54.3 
 CETP score < median 28.4 26.9 23.3-31.8 0-34.7 
      
 HMGCR score ≥ median     
 CETP score ≥ median 40.9 41.7 37.8-44.7 34.8-54.3 
 CETP score < median 28.1 26.7 23.1-31.8 0-34.7 
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eTable 9. Changes in LDL-C and apoB in Randomized Controlled Trials of CETP Inhibitors 
 

Monotherapy 
        
Treatment Study LDL-C measurement Sample size (n) Follow-up (weeks) % Δ LDL-C % Δ ApoB Ratio of % Δ ApoB to % Δ LDL-C 
        
Evacetrapib 100 mg Nicholls, 201138 Enzymatic assay 38 12 22.3 17.8 0.78 
Evacetrapib 300 mg Nicholls, 2011 Enzymatic assay 40 12 35.9 26.6 0.74 
        
TA-8895 5 mg TULIP39 Beta quantification 39 12 45.3 33.6 0.74 
TA-8995 10 mg TULIP Beta quantification 35 12 45.3 33.7 0.74 
        
Anacetrapib 40 mg Bloomfield, 200940 Friedewald equation 116 8 27.0 19.7 0.73 
Anacetrapib 150 mg Bloomfield, 2009 Friedewald equation 115 8 40.0 29.3 0.73 
        
Anacetrapib 150/300 mg Krauss, 201541 Friedewald equation 95 8 40.8 30.5 0.75 
        

Combination Therapy 
        
Treatment Study LDL-C measurement Sample size (n) Follow-up (weeks) % Δ LDL-C % Δ ApoB Ratio of % Δ ApoB to % Δ LDL-C 
        
Evacetrapib 100 + atorvastatin 20 mg  Nicholls, 201138 Enzymatic assay 76 12 21.6 8.6 0.40 
Evacetrapib 100 + simvastatin 40 mg Nicholls, 2011 Enzymatic assay 81 12 23.6 12.3 0.52 
Evacetrapib 100 + rosuvastatin 10 mg Nicholls, 2011 Enzymatic assay 80 12 22.6 11.8 0.52 
        
Evacetrapib 130 mg + statin ACCELERATE42 Beta quantification 12,092 12 31.1 15.5 0.50 
        
TA-8995 + atorvastatin 20 mg TULIP39 Beta quantification 75 12 44.3 18.3 0.41 
TA-8995 + rosuvastatin 10 mg  TULIP Beta quantification 76 12 32.6 15.9 0.49 
        
Torcetrapib 60 mg + atrovastatin ILLUMINATE43 Friedewald equation 15,067 12 24.0 12.5 0.52 
        
Anacetrapib 100 mg + statin DEFINE44 Friedewald equation 1,623 24 44.5 19.1 0.43 
Anacetrapib 100 mg + statin DEFINE Friedewald equation 1,623 76 40.5 20.5 0.51 
        
Anacetrapib 40 mg + atorvastatin 20 mg Bloomfield, 200940 Friedewald equation 117 8 31.0 12.2 0.39 
Anacetrapib 150 mg + atorvastatin 20 mg Bloomfield, 2009 Friedewald equation 116 8 43.1 19.8 0.46 
        
Anacetrapib 150/300 mg + atorvastatin 
20 mg 

Krauss, 201541 Friedewald equation 102 8 44.4 24.2 0.54 

        
Anacetrapib 100 mg + statin REALIZE45 Friedewald equation 260 52 36.9 19.6 0.53 
Anacetrapib 100 mg + statin REALIZE Beta quantification 250 52 36.0 19.6 0.54 
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eTable 9 Legend: For monotherapy treatment arms, the % Δ change in LDL-C and % Δ change in apoB were calculated as the difference in LDL-C or apoB, 
respectively, at follow-up compared to baseline among participants treated with a CETP inhibitor alone expressed as a percentage change.  For the 
combination therapy arms, the % Δ change in LDL-C and % Δ change in apoB were calculated as the difference in LDL-C or apoB, respectively, at follow-up 
compared to baseline among participants treated with a CETP inhibitor plus a statin as compared to treatment with a statin alone at baseline expressed as a 
percentage change.    
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eTable 10. Variants Included in the Discordant Variant Score and Their Association With LDL-C and apoB 

variant chr EA EAF LDL-C ES 
(mg/dL) 

LDL-C  
95% CI 

LDL-C  
p-value 

apoB ES 
(mg/dL) 

apoB  
95% CI 

apoB  
p value 

Ratio LDL-C to apoB ES 
(95% CI) 

rs77267984 6 T 0.054 -1.361 (-0.62, -2.10) 3.26E-04 -0.572 (-0.05, -1.10) 3.33E-02 2.38 (1.14, 6.00) 
rs1003688 6 A 0.156 -0.986 (-0.48, -1.49) 1.23E-04 -0.468 (-0.11, -0.83) 1.14E-02 2.11 (1.09, 4.55) 
rs9639523 7 T 0.363 -0.782 (-0.39, -1.17) 8.60E-05 -0.234 (0.02, -0.49) 7.08E-02 3.34 (1.56, 9.96) 
rs174635 11 T 0.304 -1.117 (-0.74, -1.50) 7.00E-09 -0.208 (0.05, -0.47) 1.14E-01 5.38 (2.66, 18.52) 
rs61897795 11 G 0.132 -0.952 (-0.42, -1.48) 4.40E-04 -0.416 (-0.04, -0.79) 2.87E-02 2.29 (1.09, 5.65) 
rs174622 11 A 0.202 -0.986 (-0.53, -1.44) 2.50E-05 -0.416 (-0.10, -0.73) 1.01E-02 2.38 (1.27, 4.96) 
rs12424738 12 A 0.837 -0.986 (-0.48, -1.49) 1.23E-04 -0.468 (-0.10, -0.84) 1.37E-02 2.11 (1.08, 4.63) 
rs7186996 16 T 0.867 -1.292 (-0.72, -1.87) 1.00E-05 -0.598 (-0.18, -1.02) 5.00E-03 2.16 (1.21, 4.24) 
rs1125676 16 G 0.276 -0.855 (-0.41, -1.30) 1.42E-04 -0.338 (-0.03, -0.64) 2.96E-02 2.51 (1.24, 6.17) 
rs8178824 17 C 0.969 -2.754 (-1.54, -3.97) 8.90E-06 -0.988 (-0.14, -1.83) 2.21E-02 2.79 (1.47, 6.31) 
rs7223246 17 C 0.785 -1.122 (-0.66, -1.58) 1.90E-06 -0.546 (-0.21, -0.89) 1.64E-03 2.05 (1.21, 3.74) 
rs2357093 19 A 0.375 -0.884 (-0.51, -1.26) 4.70E-06 -0.261 (0.00, -0.52) 5.12E-02 3.40 (1.71, 8.91) 
rs483082 19 T 0.263 -2.278 (-1.82, -2.73) 1.20E-22 -0.494 (-0.17, -0.82) 2.90E-03 4.61(3.05, 7.84) 
rs369599 19 C 0.695 -1.024 (-0.61, -1.44) 1.30E-06 -0.208 (0.04, -0.46) 1.05E-01 4.90 (2.35, 16.69) 
rs1727739 19 C 0.145 -1.088 (-0.55, -1.63) 7.20E-05 -0.392 (-0.02, -0.76) 3.74E-02 2.79 (1.37, 7.00) 
rs10406257 19 G 0.618 -0.918 (-0.51, -1.33) 1.10E-05 -0.286 (-0.01, -0.56) 4.23E-02 3.21 (1.62, 8.14) 
rs2965167 19 G 0.479 -0.782 (-0.39, -1.17) 8.60E-05 -0.338 (-0.06, -0.62) 1.69E-02 2.31 (1.19, 5.18) 
rs1800437 19 C 0.195 -0.952 (-0.50, -1.41) 4.40E-05 -0.364 (-0.05, -0.68) 2.50E-02 2.62 (1.33, 6.12) 
rs10416371 19 C 0.442 -0.884 (-0.51, -1.26) 4.70E-06 -0.286 (-0.03, -0.54) 3.04E-02 3.09 (1.61, 7.30) 
rs2927434 19 C 0.803 -0.918 (-0.46, -1.37) 7.80E-05 -0.416 (-0.09, -0.74) 1.25E-02 2.21 (1.15, 4.78) 
rs16978991 19 C 0.1135 -1.564 (-0.95, -2.18) 5.50E-07 -0.702 (-0.25, -1.15) 2.12E-03 2.23 (1.32, 4.07) 
           

Overall Discordant variant score -1.056  (-0.955, -1.157) 7.38E-95 -0.361 (-0.431, -0.292) 9.91E-25 2.451 (1.99, 2.92) 
 
 
eTable 10 Legend: The table provides the association between the exposure allele (defined as the allele associated with lower LDL-C) and both LDL-C and apoB 
as estimated in the GWAS of 65,976 participants from the 15 studies listed in eTable 2. All participants had both LDL-C and apoB measured on the same NMR 
platform according to the same analytical protocol.  For example, the T allele of genetic variant rs483082 was associated with 2.3 mg/dL lower LDL-C but only a 
0.5 mg/dL lower apoB per copy of the T allele. The ratio of the effect of this allele on apoB to its effect on LDL-C is 4.61, indicating that each copy of the T allele 
at this variant is associated with a discordant 4-fold greater reduction in LDL-C as compared to apoB, measured in mg/dL. Discordance was arbitrarily defined 
as a ratio of change in LDL-C to change in apoB per copy of the exposure allele of ≥ 2.0, indicating that the effect allele was associated with at least a two-fold 
great reduction in LDL-C as compared to apoB per copy of the exposure allele.  The last row shows that a one-unit change (or average per allele effect) of the 
Discordant Variant Score was associated with 1.056 mg/dl lower LDL-C (p=7.38x10-95), but only 0.361 mg/dL lower apoB (p=9.91x10-25), representing a 2.451-
fold greater change in LDL-C as compared to apoB (p=2.09x10-25).  chr is chromosome; EA is effect allele; EAF is effect allele frequency; ES is effect size. 
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eTable 11. Variants Included in the LDL-C Score and Their Association With LDL-C and apoB 

variant chr EA EAF LDL-C ES 
(mg/dL) 

LDL-C 95% CI LDL-C p-value apoB ES (mg/dL) apoB 95% CI apoB p value Ratio LDL-C to apoB ES (95% 
CI) 

rs629301 1 G 0.212 -4.512 (-4.08, -4.94) 4.15E-94 -3.336 (-2.93, -3.74) 5.04E-59 1.35 (1.21, 1.52) 
rs2479409 1 A 0.668 -1.504 (-1.12, -1.89) 1.47E-14 -1.092 (-0.75, -1.43) 3.85E-10 1.37 (1.02, 1.88) 
rs11206510 1 C 0.152 -2.624 (-2.15, -3.10) 2.77E-27 -2.128 (-1.71, -2.55) 1.52E-23 1.23 (1.01, 1.51) 
rs2642442 1 C 0.272 -1.152 (-0.74, -1.57) 5.27E-08 -0.912 (-0.52, -1.31) 6.51E-06 1.26 (0.83, 1.96) 
rs514230 1 A 0.446 -1.122 (-0.76, -1.48) 1.06E-09 -0.868 (-0.54, -1.19) 1.52E-07 1.29 (0.89, 1.89) 
rs4299376 2 T 0.703 -2.112 (-1.72, -2.51) 1.63E-25 -1.736 (-1.39, -2.09) 2.73E-22 1.22 (0.99, 1.50) 
rs2030746 2 C 0.602 -0.685 (-0.41, -0.96) 8.61E-07 -0.549 (-0.30, -0.80) 1.68E-05 1.25 (0.79, 1.99) 
rs2710642 2 G 0.348 -0.764 (-0.46, -1.06) 6.09E-07 -0.638 (-0.36, -0.92) 9.49E-06 1.19 (0.77, 1.89) 
rs7570971 2 C 0.558 -0.851 (-0.56, -1.14) 6.29E-09 -0.683 (-0.42, -0.95) 5.37E-07 1.24 (0.85, 1.85) 
rs10490626 2 A 0.077 -1.696 (-1.04, -2.36) 4.66E-07 -1.541 (-0.96, -2.12) 1.61E-07 1.10 (0.73, 1.66) 
rs515135 2 T 0.208 -3.904 (-3.45, -4.36) 2.44E-63 -3.024 (-2.62, -3.43) 3.08E-49 1.29 (1.13, 1.47) 
rs7640978 3 T 0.082 -1.254 (-0.75, -1.76) 9.84E-07 -1.057 (-0.61, -1.50) 3.37E-06 1.19 (0.76, 1.85) 
rs17404153 3 T 0.129 -1.075 (-0.67, -1.48) 1.83E-07 -0.899 (-0.51, -1.29) 7.32E-06 1.21 (0.78, 1.87) 
rs6818397 4 G 0.581 -0.717 (-0.42, -1.01) 1.68E-06 -0.585 (-0.31, -0.86) 2.67E-05 1.22 (0.77, 1.98) 
rs12916 5 T 0.570 -2.624 (-2.28, -2.97) 9.37E-50 -2.016 (-1.70, -2.34) 6.24E-35 1.30 (1.12, 1.52) 
rs3757354 6 T 0.210 -0.963 (-0.53, -1.40) 1.56E-05 -0.812 (-0.44, -1.19) 2.14E-05 1.18 (0.72, 1.95) 
rs3177928 6 G 0.861 -1.664 (-0.94, -2.39) 7.46E-06 -1.232 (-0.56, -1.90) 3.06E-04 1.35 (0.81, 2.34) 
rs1800562 6 A 0.057 -1.568 (-0.88, -2.25) 7.46E-06 -1.176 (-0.54, -1.81) 3.06E-04 1.33 (0.79, 2.31) 
rs217386 7 A 0.393 -1.088 (-0.68, -1.50) 1.99E-07 -0.812 (-0.46, -1.16) 6.21E-06 1.34 (0.87, 2.09) 
rs12670798 7 T 0.752 -1.824 (-1.41, -2.23) 2.78E-18 -1.652 (-1.29, -2.02) 6.11E-19 1.10 (0.87, 1.40) 
rs10102164 8 G 0.798 -1.088 (-0.65, -1.52) 9.58E-07 -1.008 (-0.62, -1.40) 3.58E-07 1.08 (0.71, 1.64) 
rs3780181 9 G 0.071 -1.424 (-0.87, -1.98) 4.76E-07 -1.106 (-0.59, -1.62) 2.63E-05 1.29 (0.82, 2.06) 
rs635634 9 C 0.808 -2.208 (-1.75, -2.67) 7.25E-21 -1.764 (-1.36, -2.17) 1.13E-17 1.25 (0.99, 1.58) 
rs11220462 11 G 0.851 -1.312 (-0.81, -1.81) 2.47E-07 -1.176 (-0.73, -1.62) 1.79E-07 1.12 (0.74, 1.67) 
rs10128711 11 T 0.321 -1.088 (-0.76, -1.42) 7.63E-11 -0.867 (-0.56, -1.18) 4.29E-08 1.25 (0.89, 1.80) 
rs1169288 12 A 0.653 -1.203 (-0.90, -1.50) 2.55E-15 -0.893 (-0.64, -1.15) 5.47E-12 1.34 (1.02, 1.80) 
rs4942486 13 C 0.538 -0.778 (-0.52, -1.04) 3.16E-09 -0.688 (-0.40, -0.97) 2.61E-06 1.13 (0.76, 1.71) 
rs2000999 16 G 0.774 -1.856 (-1.40, -2.31) 9.75E-16 -1.568 (-1.17, -1.97) 1.26E-14 1.18 (0.91, 1.55) 
rs314253 17 C 0.351 -0.774 (-0.47, -1.07) 4.36E-07 -0.658 (-0.33, -0.98) 7.16E-05 1.17 (0.74, 1.92) 
rs4420638 19 A 0.834 -6.816 (-6.36, -7.27) 2.88E-191 -4.913 (-4.51, -5.31) 2.19E-127 1.39 (1.28, 1.50) 
rs6511720 19 T 0.098 -6.592 (-6.02, -7.16) 4.48E-114 -5.012 (-4.51, -5.51) 8.57E-86 1.32 (1.19, 1.45) 
rs492602 19 A 0.5763 -0.938 (-0.66, -1.22) 6.39E-11 -0.716 (-0.44, -1.00) 4.92E-07 1.31 (0.91, 1.91) 
rs2328223 20 A 0.7925 -0.992 (-0.54, -1.44) 1.42E-05 -0.772 (-0.31, -1.23) 9.33E-04 1.28 (0.74, 2.32) 
rs364585 20 A 0.3738 -0.797 (-0.49, -1.11) 4.28E-07 -0.746 (-0.43, -1.06) 2.78E-06 1.07 (0.69, 1.66) 
rs2902940 20 G 0.2944 -0.877 (-0.56, -1.20) 7.69E-08 -0.751 (-0.42, -1.08) 9.41E-06 1.16 (0.76, 1.82) 
rs6029526 20 T 0.5108 -0.896 (-0.54, -1.25) 9.58E-07 -0.784 (-0.47, -1.10) 8.65E-07 1.14 (0.74, 1.76) 
           

Overall LDL score -1.452 (-1.391, -1.515) 4.95E-452 -1.205 (-1.146, -1.264) 1.20E-352 1.287 (1.23, 1.33) 
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eTable 11 Legend:   The table provides the association between the exposure allele (defined as the allele associated with lower LDL-C) and both LDL-C and 
apoB as estimated in the GWAS of 65,976 participants from the 15 studies listed in eTable 2. All participants had both LDL-C and apoB measured on the same 
NMR platform according to the same analytical protocol.  For example, the G allele of variant rs629301 was associated with 4.5 mg/dL lower LDL-C and a 
corresponding 3.3 mg/dL lower apoB per copy of the G allele. The ratio of the effect of this allele on LDL-C to its effect on apoB is 1.35, indicating that each 
copy of the G allele at this variant is associated with a quantitatively concordant reduction in LDL-C as compared to apoB, measured in mg/dL.  Concordance 
was arbitrarily defined as a ratio of change in LDL-C to change in apoB per exposure allele of ≤ 1.4. The last row shows that a one-unit change (or average per 
allele effect) of the LDL Score was associated with 1.452 mg/dl lower LDL-C (p=4.95x10-495), and a concordant 1.205 mg/dL lower apoB (p=1.20x10-352), 
representing a 1.287-fold greater change in LDL-C as compared to apoB (a magnitude of difference in LDL-C and apoB change that is consistent with changes in 
LDL-C and apoB observed during treatment with a statin, PCSK9 inhibitor, ezetimibe or CETP inhibitor monotherapy).   chr is chromosome; EA is effect allele; 
EAF is effect allele frequency; ES is effect size.   
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eTable 12. Sensitivity Analyses for Association Between Discordant Variant and LDL Scores with CHD Risk  

 
  

Analytical model 
ORCHD (95% CI)  

per 10 mg/dL lower LDL-C 
ORCHD (95% CI)  

per 10 mg/dL lower apoB 
    
A. LDL genetic score and risk of CHD 
    
 Wald ratio MA 0.831 (0.816-0.847) 0.788 (0.769-0.807) 
 IVW regression 0.832 (0.815-0.850) 0.787 (0.766-0.808) 
 MR-Egger 0.839 (0.811-0.867) 0.785 (0.751-0.821) 
 (MR-Egger constant term) 1.023 (0.948-1.103) 0.995 (0.920-1.076) 
    
B. Discordant variant genetic score and risk of CHD 
    
 Wald ratio MA 0.916 (0.890-0.943) 0.772 (0.701-0.844) 
 IVW regression 0.911 (0.876-0.946) 0.751 (0.676-0.835) 
 MR-Egger 0.909 (0.826-0.992) 0.747 (0.585-0.967) 
 (MR-Egger constant term) 1.009 (0.882-1.156) 0.997 (0.876-1.135) 
    
C. Sensitivity analysis for discordant variant score association with CHD 
    
 Top 10 variants 0.923 (0.877-0.969) 0.763 (0.625-0.901) 
 Top 15 variants 0.910 (0.871-0.951) 0.774 (0.675-0.873) 
 All 21 variants 0.916 (0.890-0.943) 0.772 (0.701-0.844) 
    

 
 
eTable 12 Legend: MA is meta-analysis; IVW is inverse-variance weighted; sensitivity analysis performed using inverse-variance weighted fixed effects meta-
analysis with Wald ratio standardized effect estimates  
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eFigure 1. Schematic for Conditional Selection of Variants for Inclusion in the CETP Genetic Score 
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eFigure 2. Design of the Naturally Randomized Trials 

A. CETP genetic score 

 

 

 

 

 

 

 

 

 

 

B. 2x2 factorial analysis 
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C. Effect of CETP score stratified by HMGCR score 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
eFigure 2 Legend:   A. The CETP genetic score was dichotomized and used as an instrument to randomly allocate 
participants into two approximately equal sized groups based on whether their CETP genetic score was either 
equal to or above the median or below the median so that the study would have the same structure as a 
randomized trial.  Allocation to a higher CETP score is associated with greater CETP inhibition leading to higher 
HDL-C, lower LDL-C and lower apoB, and therefore being allocated to the group with CETP scores equal to or above 
the median is analogous to being randomly allocated to treatment with a CETP inhibitor while being allocated to 
the group with CETP scores below the median is analogous to being randomly allocated to placebo (or usual care).  
B.  To conduct the 2x2 factorial analysis comparing the separate and combined effects of CETP and HMGCR genetic 
scores, participants were first allocated into two groups based on whether their HMGCR genetic score was equal to 
or above the median or below the median value. Participants in these two groups were then allocated into two 
further groups based on whether their CETP genetic score was equal to or above the median or below the median 
value. This process had the effect of randomly allocating all participants into one of 4 groups: the reference group 
(analogous to a placebo group), a group with CETP scores equal to or above the median (analogous to treatment 
with a CETP inhibitor), a group with HMGCR scores equal to or above the median (analogous to treatment with 
statin), and a group with both CETP and HMGCR scores equal to or above the median (analogous to combination 
therapy with a CETP inhibitor and a statin). C.  To compare the effect of the CETP genetic score stratified by the 
HMGCR genetic score, participants were first divided into two groups based on whether their HMGCR score was 
equal to or above the median or below the median.  The association between the CETP score and the risk of 
cardiovascular events was then evaluated as a continuous variable separately among participants in these two 

Effect of CETP score among participants 
with HMGCR scores above the median: 
analogous to comparing effect of CETP 
inhibitor plus statin with statin alone 
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groups. For the group with HMGCR genetic scores below the median (analogous to being allocated to a statin 
placebo), this analysis is analogous to comparing the effect of a CETP inhibitor with placebo.  For the group with 
HMGCR genetic scores equal to or above the median (analogous to being allocated to a statin), this analysis is 
analogous to comparing the effect of a CETP inhibitor with placebo on the background of statin therapy (i.e. 
analogous to evaluating the effect of combination therapy with a CETP inhibitor and a statin with statin therapy 
alone).   
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eFigure 3: Comparison of Association Between CETP and Other Genetic Scores With the Risk of CHD Per 
Unit Change in LDL-C and apoB 
 
A.  Association with CHD per 10 mg/dl lower LDL-C 
 

 

 

 

 

 

 

 

 

 

 

B. Association with CHD per 10 mg/dL lower apoB 
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eFigure 3 Legend:  Results are derived from summary level data on up to up to 62,240 CHD cases and 127,299 
control subjects from CARDIoGRAMplusC4D. Boxes represent point estimates of effect.  Lines represent 95% 
confidence intervals (CI). Data represent the association between each genetic score (or variant) and the risk of 
CHD per 10 mg/dL lower LDL-C (in part A), or per 10 mg/dL lower apoB (part B) calculated using the usual ratio of 
effect estimates method.  LDL-C is low density lipoprotein cholesterol; apoB is apolipoprotein B.  CETP is 
cholesterol ester transfer protein, HMGCR is 3-hydroxy-3-methyl-glutaryl-CoA reductase, PCSK9 is proprotein 
convertase subtilisin-kexin type 9, and NPC1L1 is Niemann-Pick C1-Like 1; LDLR is LDL receptor; ABCG5/G8 is ATP-
binding cassette sub-family G member 5/member G8; and SORT1 is Sortilin.    
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