Two-sample Mendelian randomization using summary genetic data – practical in MR Base
A. Estimate the effect of genetically elevated BMI on CHD
1. Estimate the effect of BMI on CHD using the Wald ratio, inverse-variance weighted (IVW) linear regression, Simple median, Weighted median and MR Egger regression.  
a. How do the results from each of the methods compare? 
ANSWER: the point estimates and standard errors are fairly consistent between the IVW and median methods. MR Egger has a larger point estimate and standard error. All methods show a positive causal relationship between BMI and CHD.
[image: ]
2. Estimate Wald ratios for each SNP and their standard errors
a. The Wald ratio corresponds to the log odds ratio for coronary heart disease per unit change in BMI due to the SNP
B. Sensitivity analyses and evaluating assumptions 
1. Create a scatter plot of the SNP-CHD and SNP-BMI associations. Does the SNP-CHD association increase linearly as the SNP-BMI association increases? What could deviations from linearity mean? Are there any unusual data points?
ANSWER: Scatter plot of results for BMI SNPs.  The plot shows the SNP-CHD effects (Y axis) plotted against the SNP-BMI effects (X axis), where effect refers to the log odds for CHD per SD change in BMI per copy of the effect allele.  If BMI causes CHD we would expect a linear dose response relationship, i.e. the SNP-CHD effects should increase as the SNP-BMI effects increase. Notice that there are a few “outlier” SNPs. Some BMI-raising alleles seem to be associated with negative log odds for CHD. Some BMI-raising alleles also seem to have unusually strong, risk raising, effects on CHD, in comparison to the other SNPs. “Outlier” SNPs in a scatter plot will generally correspond to the SNPs at the top or bottom of a forest plot of SNP ratio estimates (figure 1). Could these “outliers” be indicative of pleiotropic pathways to CHD? Possibly.  However, there may be other explanations for outliers (see answer on heterogeneity above).


2. Create a funnel plot of the results. Does the funnel plot look symmetric? What could asymmetry mean? Are there any outliers?
[bookmark: _GoBack]ANSWER: Funnel plot of MR results. The plot shows ratio estimates of causal effect (x axis) plotted against the inverse of the standard error of the ratio estimates (Y axis).  We generally expect the distribution to look symmetric, so that as estimates get less precise (going from top to bottom on the Y axis), the causal estimates “fan” out randomly on either side of the overall effect (indicated by the vertical lines). Asymmetry (i.e an imbalance of estimates on one side of the overall effect) is indicative of small study bias in a meta-analysis context. In Mendelian randomization, asymmetry is suggestive of unbalanced pleiotropy.


3. Create a forest plot of the results. Is there heterogeneity in the effects amongst SNPs? What could that indicate?
ANSWER: Forest plot of Mendelian randomization results. Plot shows effect of body mass index on coronary heart disease due to each SNP separately (estimated by ratio method) as well as combined across all SNPs into an overall effect (estimated by various methods).  Heterogeneity could be indicative of violations of MR assumptions. Notice how some SNPs at the bottom and top of the plots have unusually strong protective or harmful effects, in comparison to the bulk of the SNPs. This could be indicative of alternative pathways between the SNPs and CHD not mediated by BMI (horizontal pleiotropy). Alternatively, these “outliers” could reflect other violations of assumptions, data handling errors or chance sampling variation (see explanatory text above).


 
C. Interpret the results
1. Do you think BMI causes CHD? Consider these questions in your discussion:
a. What is the odds ratio for coronary heart disease per unit increase in genetically elevated BMI? 
ANSWER: The odds ratio for coronary heart disease per SD higher BMI due to genetic variation was 1.53 (logOR= 0.4244) (95% confidence interval: 1.36 to 1.72) (estimated by the IVW method).  
b. Is there evidence for pleiotropy or violations of MR assumptions? 
ANSWER: No strong evidence.
i. All MR analysis provide similar causal estimates.
ii. The MR-Egger intercept test did not indicate strong evidence for unbalanced pleiotropy (P=0.44). 
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