Software code for PCA

#calculating LD correlation matrix by package (TwosampleMR)
Id <- Id_matrix(SNP, with_alleles = TRUE)
rho<-Id

#The associations of the candidate instruments with the risk factor are denoted betaXG
with SEs sebetaXG.

#The associations of the candidate instruments with the outcome are denoted betaYG with
SEs sebetaYG.

HHHHHHHAHEeffect estimate using principal components#HHHHHHEHAHIEHHHHHHE

Phi = (betaXG/sebetaY G)%0%(betaXG/sebetaYG)*rho

summary(prcomp(Phi, scale=FALSE))
K=which(cumsum(prcomp(Phi,scale=FALSE)$sdev*2/sum((prcomp(Phi,scale=FALSE)$s
dev”2)))>0.99)[1]

# K is number of principal components to include in analysis

# this code includes principal components to explain 99% of variance in the risk factor
betaXGO0 = as.numeric(betaXG%*%prcomp(Phi, scale=FALSE)$rotation[,1:K])

betaYGO = as.numeric(betaY G%*%prcomp(Phi, scale=FALSE)$rotation[,1:K])

Omega = sebetaYG%0%sebetaYG*rho
pcOmega=t(prcomp(Phi,scale=FALSE)$rotation[,1:K])%*%0Omega%*%prcomp(Phi,scale
=FALSE)$rotation[,1:K]
beta_IVWocorrel.pc=solve(t(betaXG0)%*%solve(pcOmega)%*%betaXGO0)*t(betaXG0)%*
%solve(pcOmega)%*%betaY GO

#HHHHHAHQ  statistic (accounting for correlation) using principal components for
heterogeneity:

rse = betaYGO- c(beta_IVWocorrel.pc)*betaXGO0

rse.corr = sqrt(t(rse)%*%solve(pcOmega)%*%rse/(K-1))

heter.stat <- (K - 1)*(rse.corr*2)

pvalue.heter.stat <- pchisq(heter.stat, df = K-1, lower.tail = FALSE)

HHHAHBHHHHHHAAAAE standard error for beta IVWcorrel.pciHHHH#
se_IVWocorrel.pc=ifelse(pvalue.heter.stat>0.05,sqrt(solve(t(betaXG0)%*%solve(pcOmega
)%*%betaXG0)),sqrt(solve(t(betaXG0)%*%solve(pcOmega)%*%betaXG0))*max(sqrt(t(rs
e)%*%solve(pcOmega)%*%rse/(length(betaXG0)-1)),1))

HHHHHAEHAE P value for beta_IVWcorrel. pciiH#HHHHHE
P <- pnorm(beta_IVWcorrel.pc/se_IVWcorrel.pc, mean = 0, sd = 1, lower.tail =
ifelse(beta_IVWcorrel.pc/se_IVWcorrel.pc<0,T,F), log.p = FALSE)



