Two-sample Mendelian randomization using summary genetic data – practical in MR Base
Coronary heart disease (CHD) is one of the leading causes of death and morbidity in the world. Of the known risk factors, body mass index (BMI) is one of the most important. In prospective observational studies (Wormser et al Lancet 2011 377:1085), each standard deviation (SD) (~4.56 kg/m2) increase in BMI is associated with a relative risk of 1.23 (95% CI: 1.17–1.29) for coronary heart disease, after adjustment for conventional vascular risk factors, including smoking, cholesterol, diabetes, and blood pressure. However, whether the association reflects a causal effect of BMI on disease remains unclear.
Access MR Base via the following link: http://app.mrbase.org/
There is a good tutorial on how to use the R package that is released with MR Base, TwoSampleMR, that goes through some of the issues with these analyses in additional detail: https://mrcieu.github.io/TwoSampleMR/. 
Select “Get started”, and then accept the data access agreement:
[image: ]
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[bookmark: _GoBack]We are then going to select our exposure and outcome we want to include in the analysis:
Exposure: (link to article: https://www.nature.com/articles/nature14177)
[image: ]
Outcome: (link to article: https://www.nature.com/articles/ng.3396)
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Finally, we are going to run the MR analysis
[image: ]
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?  
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?
2. Create a funnel plot of the results. Does the funnel plot look symmetric? What could asymmetry mean? Are there any outliers?
3. Create a forest plot of the results. Is there heterogeneity in the effects amongst SNPs? What could that indicate? 
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? 
b. Is there evidence for pleiotropy or violations of MR assumptions? 

A reminder of the assumptions of Mendelian randomization: 
1) The instrument is associated with the exposure
2) The instrument is not associated with confounders of the exposure-outcome association
3) The instrument is associated with the outcome exclusively via its effect on the exposure (also known as the exclusion restriction assumption)


Other assumptions and practical limitations
1) Samples should be independent 
2) Two samples should be from the same population 
3) Potential impact of weak instruments bias 
4) Potential impact of winner’s curse, whereby the effects of the SNPs on BMI may be overestimated in the discovery stage of the GWAS 
5) Strand ambiguity (when two GWAS studies use different reference strands)
6) SNPs should be independent
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MR Base Terms of Use

M R B : SE The majority of data in MR Base is kindly made available for use by many research organisations and consortia .

‘These terms (Terms) set out the basis on which the University of Bristol, a body incorporated by Royal Charter under number RC000648 having its administrative offices at Senate House, Tyndall Avenue, Bristol BSE 1TH (University) agrees to provide you with access to the MR-Base
platform (Platform) and through the Platform summary data from genome-wide association studies (GWAS Data).

1. Licence: The University grants you a non-exclusive, non-transferable revocable licence to access and use the Platform for private or non-commercial research purposes only. Ifyou wish to access and use the Platform for commercial research purposes, please forward your enquiry
tomr-base@bristol.ac.uk.

2. Ownership of MR-base Subject to paragraph 1, nothing in these Terms grants you any right to, or in, any intellectual property rights of any nature (whether existing now or in the future and whether registered or unregistered) in the Platform.

3. Downloading: You agree that you will not attempt to download GWAS Data from the Platform in bulk or otherwise use the Platform in a way that would or might adversely affect the performance or operation of the Platform for other users.

4. Credits: You agree to cite any use of the Platform in the form set out in the “About” tab. You further agree to observe and comply with any notice requiring you to cite the original source of any GWAS Data in your analyses in the form set out n such notice.

5. Ownership of GWAS Data: GWAS Data may be protected by copyright, database rights and other intellectual property rights around the world. Unless otherwise stated in any notice accompanying any particular GWAS Data, all such rights are reserved by the contributor of the
‘GWAS Data and you agree to observe and comply with any specific licence terms specified by such contributors.

6. Identification of data subjects: You agree not to use, combine, manipulate or transform the GWAS Data in any way that would or might enable you to identify any living individual to which the GWAS Data relates, in breach of data protection laws anywhere in the world.

7. Disclaimers: We do not guarantee that () the Platform or any GWAS Data will always be available or interrupted; (b) the Platform or any GWAS Data will be accurate, complete, free from errors or omissions or secure or free from bugs or viruses; or (¢) that the result of using the
Platform or any GWAS Data will be accurate, adequate or fitfor any particular purpose (more general information on the principles, assumptions and limitation of Mendelian randomization can be found on the papers recommended in the “About” tab). Where the Platform contains
links to other sites or resources provided by third parties, these links are provided for your information only and you acknowledge that we have no control over the content of those sites or resources. All warranties, representations, conditions and all other terms of any kind
whatsoever implied by statute or common law, to the fullest extent permitted by applicable, law, excluding from these Terms.

8. Limitation of iability: You assume sole responsibility for the results obtained from the use of the Platform and any GWAS Data and for conclusions drawn from such use. The University shall have no liability for any damage or other loss whatsoever arising out of or in connection
with your use of the Platform or any GWAS Data. The University shall not be liable in any circumstances whether in contract, tort (including for negligence), misrepresentation (whether innocent or negligent), restitution or otherwise for any special, indirect or consequential loss,
costs, damages, charges or expenses however arising under these Terms including but not limited to loss of funding or loss of opportunity, gooduwill or reputation. Nothing in these Terms excludes or limits any liability which cannot be excluded or limited by applicable law.

9. Suspension and termination: The University may, atits sole discretion, suspend, withdraw, discontinue or change all or any part of the Platform (in respect of any single user, group of users or all users of the Platform) without notice and whether or not arising from any breach of
these Terms. The University will not be liable to you in such circumstances.

10. Changes to these Terms: The University may revise these Terms at any time by amending this page. Please check this page from time to time to take notice of any changes, as they will be legally binding on you.

11. Governing law and jurisdictions These Terms and any claims or disputes arising out of or in connection with them (including non-contractual disputes) shall be governed by the laws of England and Wales whose courts shall have exclusive jurisdiction to settle the same.

Please note that when you log on we keep a record of your email address on our servers to a) ensure that you obtain appropriate access to the GWAS database, b) to compile usage statistics that help us keep this project funded and c) to monitor inappropriate or
unfair usage. We do NOT log the queries that are being performed, and we do NOT share your email address with anybody else.

Login button should appear below.

Accept the data access agreement via Google to get started
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Choosing instruments for the exposure

To use two sample MR to estimate the causal effect of an exposure on an outcome, the first step is to identify SNPs that are robustly associated with the exposure. These summary statistics for these SNPs can be taken from a sample from which there is no data on the outcome.

©OMRBASE

Please provide instruments by choosing from one of the data sources below, or by uploading your own data. You can choose multiple exposures to be analysed, and multiple instruments per exposure.

MR Base GWAS catalog

Choose instruments

‘The MR Base database holds a collection of the summary statistics from a large number of GWAS. Itis possible to use this resource to manually identify instruments, and to therefore use these traits as
exposures by finding the independent GWAS significant hits from these summary associations.

Select exposure source
O Manual file upload

O NHGRI-EBI GWAS catalog
® MR Base GWAS catalog
O Gene expression QTLs
O Protein level QTLs

O Metabolite level QTLs.

O Methylation level QTLs

To use a trait as an exposure, highlight the relevant row in the table below (multiple traits can be selected). All SNPs with p values below the specified threshold will be extracted, and clumping will be used to
remove SNPs in LD with sentinal SNPs. These SNPs will be used as instruments in the MR analysis.
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Select outcomes for analysis -
MRBASE ‘The MR Base database houses a large collection of summary statistic data from hundreds of GWAS studies. In order to perform two sample MR, the SNPs that were selected for the exposures will be extracted from the outcomes that you select here.
J Please select the outcomes that you want to test for being causally influenced by the exposures.

Studies available in MR b:

Display columns First author sample size [ Access Osd
[mf) Consortium Number of variants Category O sex
Trait Number of cases Year [ Population Subcategory
Note Number of controls [ Pubmedin 0O Priority O unit
Show 10 |v|entries Search: | coronary heartdisease
Number of
Trait Note First author Consortium Number of cases  Number of controls Sample size variants Year  Category Subcategory
6 Coronary heart Peden cap 15420 15062 30422 540233 2011 Disease Cardiovascular
disease
Nikpay CARDIOGRAMp: 60801 5 o e ascular
& Coronaryheart Schunkert H CARDIOGRAM 22233 64762 86095 2420361 2011 Disease Cardiovascular
disease
9 Coronary heart Deloukas CARDIOGRAMPlUSC4D 63746 130681 194427 9120 2013 Disease Cardiovascular
disease

‘Showing 1to 4 of 4 entries (filtered from 21,852 total entries) Previous . Next
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LD clumping

Most two sample MR methods require that the instruments do not have LD between
them.

Linkage disequilibrium

@® Do not check for LD between SNPs

O Use clumping to prune SNPs for LD

LD proxies

Ifa particular exposure SNP is not present in an outcome dataset, should proxy SNPs be
used instead through LD tagging?

Use proxies?

Minimum LD Rsq value

Allow palindromic SNPs?

MAF threshold for aligning palindromes

Allele harmonisation

Animportant step in two sample MR is making sure that the effects of the SNPs on the
‘exposure correspond to the same allele as their effects on the outcome. This is
potentially difficult with palindromic SNPs.

Handling reference alleles

O Alleffect alleles are definitely on the positive strand

@ Attempt to align strands for palindromic SNPs

O Exclude palindromic SNPs

VON79YRSVenCp_pnCRXhx8-OJDAT0WbdSnEfreWxEHYBgBGSXSOEHep4YOvk1

Select methods for analysis

Many methods exist for performing two sample MR. Different methods have sensitivities
to different potential issues, accommodate different scenarios, and vary in their
statistical efficiency.

Choose which methods to use:

Wald ratio

O Maximum likelihood

MR Egger
[ MR Egger (bootstrap)
simple median

Weighted median

[ Penalised weighted median

Inverse variance weighted
O W radial

[ Inverse variance weighted (multiplicative random effects)
[ Inverse variance weighted (fixed effects)

[ simple mode

[ Weighted mode

[ Weighted mode (NOME)

[ Simple mode (NOME)

[ Robust adjusted profile score (RAPS)

[ Sign concordance test

[ Unweighted regression

| | Q search @ =

Submit

Once you have selected exposures, outcomes, and analysis options you are ready to
perform the analysis.

Perform MR analysis
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COMRBASE

A platform for Mendelian randomisation using summary data from genome-wide association

studies
To begin analysis in the web application please review the data access agreement and accept by logging in with your google All analyses, data extraction and more can be performed using the TwoSampleMR R package. Additionally, you can use the R
account. package to analyse your own outcome datasets.
A Get started Get the R package
Current status
Beta phase release
Appversion:

1.2.232435d (31 January 2019)

Rversion:
351

Host:
eadTcecic99a

R/TwoSampleMR version:
0.4.18

Database version:
0.2.0 (17 December 2017)

To use MR-Base using the TwoSampleMR R package directly:
https://github.com/MRCIEU/TwoSampleMR




