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Details of study populations:

KORA S3, F3, S4

The third (S3) and fourth survey (S4) and the Follow-up study (F3) of the population-based  (Monitoring of Trends and Determinations of Cardiovascular Disease) / KORA (Cooperative Research in the Region of Augsburg) studies were conducted between 1994 - 1995 and 1999 – 2001 and 2004-2005 respectively. The KORA project was carried out as a component of the international collaborative WHO  project[1]. It investigated the cardiovascular risk factor profile of randomly selected subjects of the Augsburg population in cross-sectional surveys. The study design, sampling frame, and data collection have been described in detail elsewhere[2,3]. A sub-sample of KORA F3 including 1644 subjects (KORA F3 500K project) was genotyped with the GeneChip® Human Mapping 500K Array (Affymetrix).
PopGen Population Controls
Healthy controls for this sample were identified through official population registries of the state of Schleswig-Holstein, the northernmost region in Germany. Participants were first contacted by telephone and then provided with a standardized questionnaire. Briefly, a total of 7 200 individuals with 2 400 people in each of three age groups (18-30, 30-50, 50-80 years) were recruited for the study. Of these, a random sample of 2 458 individuals was genotyped. Details of the recruitment process have been described elsewhere [4,5]. 

West German Obesity Cohort
This cohort comprises 533 German overweight and obese but otherwise healthy children and adolescents, age spectrum 1 to 18 years, mean age 10.8 ± 3.1 years (mean BMI 28.9 ± 5.4 kg/m2). The children were either recruited at the Department of Paediatrics, University of Bonn, Germany (n = 194) or at the `Vestische Kinderklinik Datteln´, University of Witten/Herdecke, Germany (n = 339). The ascertainment strategy was previously described in detail[6].

German MI Family Study I and II

The German Myocardial Infarction (MI) Family Study case samples I (n = 875) and II (n = 383) consisted of individuals with premature MI (before age of 66 years) from families with at least two first-degree relatives affected by premature MI and/or premature severe CAD defined by percutaneous coronary intervention or coronary bypass grafting[7]. The majority of families were identified in cardiac rehabilitation clinics in the vicinity of Augsburg. All events were validated through inspection of hospital charts. Only one subject from each family was selected for genotyping, either the youngest male MI patient, or preferentially, an affected female MI patient. Control subjects (n = 1 644) for German MI I were Caucasians of German origin who participated in the population based /KORA Augsburg S3/F3 survey. Healthy married in spouses (n = 911) served as control subjects for the German MI Family II study. 

WTCCC CAD Study

Cases (n = 1 926) had a validated history of either MI or coronary revascularisation (coronary artery bypass surgery or percutaneous coronary angioplasty) before their 66th birthday as well as a strong familial basis of coronary artery disease (CAD). All were of Caucasian descent and were recruited from throughout the United Kingdom (UK)[8]. 1 500 controls (UK Blood Services (UKBS)) were selected from a sample of blood donors recruited as part of the WTCCC project. A second sample of 1 500 controls derived from the 1958-Birth Cohort Study. The control subjects were about equally divided into males and females. Like the case collection, individuals of the control cohort were geographically widely distributed across the UK. The UKBS controls had a wide age range with the majority of subjects between 40 - 59 years[9]. 

PopGen CAD cases 

This study included 2 185 unrelated German CAD patients who were recruited in Schleswig-Holstein, the northernmost region in Germany, through the population-based PopGen biobank. Coronary angiograms of any of the five cardiac catheterization laboratories in this geographical area were screened. Study subjects were required to have coronary catheterization demonstrating significant CAD (at least a 70% stenosis in one major epicardial coronary vessel) before the age of 55 years. All patients were between 34 and 64 years of age at the time of recruitment and younger than 55 years at the time of disease onset. PopGen controls were matched by ancestry (all Germans from Schleswig-Holstein), age, and sex and are described above.

Left Main Disease Study

For this study, out of approximately 10 000 patients undergoing coronary angiography at the University of Lübeck hospital between the years 2001 until 2005 we have retrospectively identified 300 unrelated patients with significant left-main disease, a coronary phenotype with high heritability[10]. Left main disease was defined as luminal narrowing of the left main stem larger than 50%. Age- (± 5 years) and sex-matched healthy individuals from KORA/ S4 served as control subjects. 

Aachen Heart Study 

This study included 1 290 unrelated subjects with significant (> 50%) narrowing of a major epicardial vessel documented on coronary angiography in males below 55 or females below 65 years of age. Additionally, all cases had a documented history of ischemia-related symptoms and/or positive stress testing, subjects with non-ischemic cardiomyopathy or valvular heart disease were excluded from the study. Details of the recruiment process have been described elsewhere[11]. Age- (± 3 years) and sex-matched healthy individuals from KORA/ S4 served as control subjects. 

Details of Lipid measurements:

Laboratory measurements of LDL-C were performed in non-fasting individuals and measured with standard enzymatic methods: (CHOD-PAP) after precipitation with dextrane sulfate in the supernatant, except for KORA F3 in which LDL cholesterol was measured with direct methods (AHDL Flex and ALDL Flex, Dade Behring).
Details of statistical methods:

Quality control:

Stringent quality controls were used on all levels. Imputation SNPs with a predicted r < 0.3 were excluded from the analyses. In total, 38 SNPs had to be excluded because of r < 0.3 from the analyses.

For the genotyped data, for  every study group individually, deviations of genotype distribution from and compatibility with Hardy-Weinberg equilibrium (HWE) were analyzed using a Monte Carlo (2 goodness-of-fit test and the exact uniformly most powerful equivalence test with (2 = 2 and (1 = 2/3[12,13].

Beside the West German Obesity Cohort, rs2228671 conformed with HWE in all control and case study groups. The number of heterozygotes in the West German Obesity Cohort is 69, but should be according to the equivalence test between 75 and 79. The deviation from HWE in this study population at this SNP is potentially caused by the ascertainment strategy of selecting for obese children and adolescents.

Homogeneity of genotype frequencies between the control groups of the different studies was checked with the asymptotic (2 test of independence. Allele frequencies in the genotyped control groups were homogeneous (p = 0.1311).

Prospectively planned pooled analysis on LDL:

A prospectively planned pooled analysis using individual data as proposed by Blettner et al.[14] was performed using all control groups studied by regressing LDL on rs2228671. We investigated the additive effect of rs2228671 on CAD by random effect (RE) linear regression model with adjustment for study. In the RE approach, inferences are to be generalized to a population in which the studies are permitted to have different effects and different characteristics. This is plausible in this investigation, because the different studies vary in their inclusion and exclusion criteria. Specifically, we fitted a RE linear regression model with RE for study and fixed effect (FE) for genotype. These analyses were conducted using SAS (version 9.1.3, SP 4, SAS Institute, Inc.; proc mixed). A standard linear regression model with FEs for both study and genotype was used as sensitivity analysis.

Prospectively planned pooled analysis on CAD:

This study was also planned as a prospective pooled analysis according to Blettner et al.[14]. Separately for genotyped and imputed data, we performed RE logistic regression models on CAD with an additive FE of rs2228671 and a RE of study.

In addition, the logistic regression framework was also used to identify the underlying genetic model. Specifically, we used an ordinal coding with two dummy variables and tested the hypotheses of a) a recessive, b) a dominant and c) an additive mode of inheritance using FE for the genotype and a RE for the study. The goodness of fit in this approach was determined using the Akaike information criterion. The logistic regression framework to identify the underlying genetic model rejected an autosomal-dominant (p < 0.0001) as well as an autosomal-recessive mode of inheritance (each p = 0.0030). The most likely model is an additive genetic model because it is the only genetic model not rejected at 5% test level (p = 0.4934). Analyses were performed using SAS (version 9.1.3, SP 4, SAS Institute, Inc.; proc gee). A standard logistic regression model with FEs for both study and genotype was used as sensitivity analysis.

To identify the genetic model, we second followed Minelli et al.[15] and estimated the ratio of the log odds ratio for the heterozygous individuals compared to homozygous individuals, i.e. ( equals 0, 1/2, 1, and >1 if the genetic model is recessive, additive, dominant, and positive heterosis, respectively. To obtain 95% confidence intervals for (, we used a nonparametric bootstrap with 10 000 replicates. Although the 95% confidence interval [0.15,1.40] in our study is rather wide, the point estimator 
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 = 0.49 strongly supports an additive genetic model.

Finally, we used the aggregated estimators of every study to pool all imputed and genotyped studies using the DerSimonian and Laird approach[16]. 

Population stratification:

In a prior study we extensively investigated population stratification in the entire German population[17]. The genetic differentiation is low between North and South Germany (Fst = 1.7x10-4) and between East and South Germany (Fst = 5.4x10-4). Such minor degree of population substructure cannot be detected from methods without using prior information of subpopulation membership.

With respect to the present study, both cases and controls were ascertained within small catchments areas. Furthermore, an inflation factor of l=0.998 on the outcome variable LDL-C was calculated using the GWA results of imputed genotypes (~2.3 million SNPs) in the KORA F3 sample. We thus consider that population sub-structure is negligible in our studies and unlikely to explain the associations observed. We nevertheless adjusted for the recruitment centre, because differences in inclusion and exclusion criteria are most likely more relevant than population stratification.

The inflation factor estimated in the previously published genome-wide association study[8] was 1.02 in the German population, and the 95% confidence interval clearly covered 1.00.

Power analysis:

Details on the power analysis are provided in table S4. The power for detecting an association between rs2228671 and CAD was calculated as suggested by Gauderman[18] which is implemented in Quanto (hydra.usc.edu/GxE/).

We assumed a log-additive model and (=0.05. Given the unknown true underlying effect, we varied odds ratios from 0.5 to 0.9. Allele frequencies in the case-control studies were assumed based on the allele frequencies from the LDL-C replication studies (KORA/ F3: 10.6%, KORA/ S4: 11.7%, PopGen Controls: 11.2%, West German Obesity Cohort: 9.6%) and therefore were varied between 8% and 12%. Given is the number of case-control pairs required for power of 80% assuming the different odds ratios and allele frequencies. 

We finally evaluated a total of 4 310 cases and 8 086 controls. Thus we had at least 80% power to detect an odds ratio of 0.9 at a SNP with an allele frequency of 8%.
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