Text S1: Simulations
We performed simulation studies based on real genotype data accessed through
dbGaP. The dataset consists of the ARIC (Atherosclerosis Risk in Communities),
NHS (Nurses’ Health Study) and HPFS (Health Professionals Follow-up Study)
cohorts [1-3]. Descriptive summary and quality controls (QC) of the data have been
detailed elsewhere [4]. In brief, there were 14,347 samples genotyped on Affymetrix
6.0 and 565,040 autosomal SNPs after QC. We estimated the genetic relationships
between all pairwise samples and removed one of each pair of samples with estimated
genetic relationship > 0.025 and retained 11,586 unrelated samples.
For the univariate analysis, we randomly sampled 1000 SNPs as causal
variants. The effect sizes of the causal variants were generated from standard normal
distribution. We then calculated the total genetic value of an individual i as
gi = ∑ wij b j where wij = (xij − 2 p j ) / 2 p j (1− p j ) with xij being coded as 0, 1 or 2 for
j

the three genotypes of a causal variant j and p j being the allele frequency, and b j is
the effect size of the causal variant j. We simulated the phenotype of each individual
as y = g + e where e was generated from a normal distribution with mean of 0 and
variance of var(g)(1 / h 2 −1) with h2 being the heritability. This procedure was
performed using GCTA [5]. We simulated phenotypes under three different levels of
heritability, i.e. 0.2, 0.5 and 0.8, and performed the simulations for a range of sample
sizes, i.e. 1000, 1500, …, 5000, randomly sampled from the set of 11,586 unrelated
individuals. We repeated the simulation 100 times in each scenario.
For bivariate analysis, we simulated the phenotypes using the same approach
as in the univariate analysis. The phenotypes were simulated in two scenarios, I) the
two simulated traits are “measured” on the same sets of individuals; II) the two

simulated traits are measured on different sets of samples. We simulated the genetic
overlap (genetic correlation) between traits by choosing a proportion of the simulated
causal variants to be common to both traits. We chose four levels of degrees of
genetic overlap, i.e. 0%, 40% and 80% of causal variants in common. The effect sizes
were fixed to be the same for these causal variants in common between the two traits.
In scenario I where the two traits are measured on the same sample, we chose a range
of sample sizes, i.e. 4000, 6000, 8000 and 10000. In scenario II where traits are
measured on different sets of samples, we chose sample sizes of 1000, 2000, 3000 and
4000 for sample set #1 and 3000, 4000, 5000 and 6000 for set #2. The two traits were
simulated based on heritability parameters of 0.4 and 0.6, respectively. We also
repeated the simulations 100 times in each scenario.
We then used GCTA [5] to estimate the genetic variance or genetic correlation
and its corresponding SE using all SNPs in each of the simulation scenarios.
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