
Additional file 1 Additional information of sampling distributions of RD, Cohen’s h 

and OR.

The asymptotic distribution for each of RD, Cohen’s h and log(OR) can be derived by 

using the multivariate delta method. Suppose a random vector )X,..,(XX p1 has a

mean vector ),....,( 1 p and a variance-covariance matrix . Then, for a

transformation of X is )(Xg , the asymptotic distribution will be asymptotic normal

),( 2
ggN  where )( gg  and t

g DD2 , where D is the matrix of partial

derivatives of )(Xg with respect to X and Dt denotes the transpose matrix of D.

These three ES measures can be considered as a function of MAFs from case and

control group. The joint distribution of estimates of MAFs at case and control group is
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. Firstly, we derive the asymptotic

distribution of the estimate for RD, denoted as 21 ˆˆˆ ppd  . Let 2121 ˆˆ)̂,̂( ppppg  ,

the expectation value of 21 ˆˆ pp  is   2121 ),( ppppgE  and variance is
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Hence d̂ is asymptotically distributed as a normal distribution
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dN . The genetic association test based on RD can be

defined as H0:d =0 vs. H1:d ≠0, and the corresponding test statistic is
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 is the MAF among whole ample.

Next, for Cohen’s h, the estimator is )̂arcsin(2)̂arcsin(2)̂,̂(ˆ
2121 ppppgh  .

According to the delta method, the expectation of Cohen’s h is

  )arcsin(2)arcsin(2),( 2121 ppppgE  and the variance is
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 The asymptotic distribution for ĥ is 
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hN . The test statistic

based on the Cohen’s h for H0:h =0 vs. H1:h ≠0 is 
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. Finally, we derive the

asymptotic distribution for log(OR) as below. The estimator for log(OR) is
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 and the expectation is
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 . The variance is
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 . Therefore, the asymptotic distribution of )̂ln( RO is
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ORN . The test statistic for genetic association



based on log(OR) is
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