
Supplementary Methods 

Pleiotropy-robust Sensitivity Analyses  

 The presence of horizontal pleiotropy, whereby the genetic instrument influences the outcome not solely via the 

exposure, i.e., systemic blood pressure, constitutes a violation of the third MR assumption. The IVW approach 

provides a valid causal estimate under the assumption that all variants are valid instrumental variables [1, 2]. This 

assumes that there is no horizontal pleiotropy, or that pleiotropy is balanced (pleiotropy may be present in 

opposing directions but its averages out at zero). Even though the absence of horizontal pleiotropy cannot 

definitively be proven in any given MR analysis, sensitivity analyses can be used to interrogate the robustness of 

results to such pleiotropy. 

  In median-based methods, a median rather than mean of the Wald estimates is calculated. Provided that over 

50% of the weights are come from valid instruments, median-based estimates will produce valid causal estimates. 

In the simple-median approach [3], all variant-specific estimates are weighted equally, whereas in the weighted-

median approach [3], variants are weighted inversely to their standard errors.  

  The contamination mixture method provides valid causal estimates under the plurality valid assumption, i.e., that 

a plurality of the genetic variants are valid instruments [4]. A likelihood function is constructed from the variant-

specific ratio estimates. If a variant is a valid instrument, then its ratio estimate is assumed to be normally 

distributed about the true causal effect. If a variant is an invalid instrument, then its ratio estimate is assumed to 

be distributed about 0 with a large standard deviation. The likelihood is then maximised over different values of 

the causal effect and different configurations of valid and invalid instruments. The confidence intervals are usually 

not symmetric. Default parameters were used in the analysis.  

  Rather than fixing the intercept at the origin, as done in the IVW approach, MR-Egger [5] allows the intercept to 

float and provides a valid causal estimate in the presence of directional pleiotropy. MR-Egger requires the 

instrument strength independent of the direct effects (INSIDE) assumption, i.e., it requires that the pleiotropic 

effects of instrumental variants are independent of the association between the variants and the exposure. The 

precision of MR-Egger depends on the variance between genetic associations with the exposure and so if the 

different instrumental variants are similarly associated with the exposure, MR-Egger will be imprecise and have 

wide confidence intervals. Indeed, of the different sensitivity analyses used, MR-Egger can be expected to have 

the widest confidence intervals. The deviation of the intercept term from the origin can be tested to indicate 

whether a significant degree of directional pleiotropy is present.  



  The MR-Pleiotropy Residual Sum and Outlier (MR-PRESSO) method [6] takes the residual sum of squares from 

the IVW linear regression equation as a measure of heterogeneity. The IVW method is performed iteratively, 

removing each instrumental variant in turn, and the RSS calculated for each omission. Significantly heterogenous 

variants are removed and the IVW method used to calculate the MR estimate using the remaining variants.  

 

MR Mediation Analyses  

   Two MR approaches, multivariable MR (MVMR) and network (or ‘two-step’), can be used to calculate the 

indirect effect of an exposure on an outcome and the proportion of this effect mediated through a proposed 

mediator [7]. Using MVMR, the indirect effect equates to the difference between the total and direct effects of the 

exposure on the outcome as derived from univariable MR and MVMR, respectively, i.e., the indirect effect = total 

effect – direct effect. The proportion mediated is then calculated as the indirect effect expressed as a proportion 

of the total effect, i.e. (total effect – direct effect)/ total effect. The MVMR approach is equivalent to the ‘difference 

method’ in traditional mediation analysis. In network (or ‘two-step’), the mediated effect is calculated by 

multiplying the effect of the exposure on the mediator by the effect of the mediator on the outcome, and the 

proportion mediated is then calculated as mediated effect/ total effect. The network MR approach is equivalent to 

the ‘product of coefficients’ method in traditional mediation analysis. 
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