Box 2 Introduction of Mendelian Randomization (MR)
(1) Categories of Mendelian randomization analysis1,2
Single-sample MR uses genetic instruments, exposure, and outcome in the same sample. 
Two-sample MR estimates causal effects from data on the exposure and outcome from two (or only partially overlapping) samples.
Bidirectional MR is performed in one direction (“exposure” to “outcome”) and then in the opposite direction (“outcome” to “exposure”) using the SNPs strongly associated with each trait in the independent GWAS.
Two-step MR assesses whether an intermediate trait acts as a causal mediator between exposure and outcome. In the first step, genetic instruments for the exposure are used to estimate the causal effect of exposure on the mediator. In the second step, genetic instruments for mediators are used to assess the causal effect of the mediator on outcome.
Multivariable MR uses genetic instruments associated with multiple exposures to estimate the independent causal effect of the risk factors on the outcome.
(2) Statistical methods2,3
Inverse variance weighted (IVW)—IVW MR is equivalent to a weighted linear regression of SNP-outcome associations on SNP exposure.
Weighted median is defined as the median of the weighted empirical density function of the ratio estimates that allows up to 50% of the information in MR analysis to come from invalid instruments.
Mode-based estimate (MBE) provides a consistent estimate of the causal effect if the most common pleiotropy value across instruments is zero.
MR-Egger is not restrained to have a slope by way of zero; hence, its causal estimate shows a genotype-outcome dose-response relationship.
Likelihood-base method assumes a linear relationship between exposure and outcome and uses a bivariate normal distribution for the genetic estimates.
(3) Method for explore and adjust for pleiotropy2-6
Intercept of the MR-Egger regression can test the average pleiotropic effect across all genetic variants and provide an estimate of the causal effect of exposure on outcome.
Cochran’s Q-statistic (IVW) can test for heterogeneity between genetic instruments used that could indicate pleiotropic effects.
Pleiotropy-robust MR (PPMR) provides an unbiased causal estimate in the presence of pleiotropy by subtracting the pleiotropic effect (of an instrument) estimated in a subgroup of the population for whom the instrument is not associated with the exposure.
Weighted median estimator can provide reliable evidence as long as at least half of the genetic variants have no pleiotropic effects.
Mendelian randomization pleiotropy residual sum and outlier (MR-PRESSO) can evaluate horizontal pleiotropy and test the significant differences in the causal estimates before and after the removal of outliers.
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