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What is Mendelian randomisation?  

Mendelian randomisation (MR) is an increasingly popular 
observational epidemiological method that uses genetic variants 
combined with the principles of randomised controlled trials (RCTs) 
to examine whether a causal association can be found between 
a given risk factor and a disease. The validity of the results rests 
on assumptions that, although cannot be directly tested, can be 
scrutinised by methods to check for violations. This article discusses 
the main principles in MR and its most common applications.

Medicine has often been described as a spider web of associations 
between different diseases and risk factors. Almost every research 
article ends with the statement “correlation does not prove 
causation” and ends with the comment “more research is needed.” So, 
the question arises: how are we able to really understand causative 
factors in associations?

RCTs are recognised as the highest form of evidence in the hierarchy 
of evidence. However, this method is also limited; for ethical reasons, 
we cannot simply assign one group to interventions such as drinking 
alcohol or smoking.

This is where MR can contribute to research. Unlike conventional 
observational studies, this method can be used to find the causal 
association between risk factors and disease using genetic variables. 
MR makes use of the random allocations of genes that naturally occur 
at conception.1 Most commonly, single nucleotide polymorphisms 
(SNPs), which are differences of a single nucleotide in a sequence 
of nucleotide bases, are used as the independent variable. Just as a 
change in one letter can change a word and its meaning, likewise, a 
difference in a nucleotide base can change the SNP and what it codes 
for (Figure 1). Some people may inherit one version of the SNP and 
therefore a particular gene variant, or allele, and others may inherit 
another variant. Thus, conveniently, the population is randomly and 
permanently sorted into groups.

Mendelian randomisation rests on several assumptions for the 
analysis to be valid:2,3

1) the instrumental variables (SNPs) are associated with the   
 exposure (risk factor);

2) the instrumental variable is not associated with    
 confounding variables related with the outcome variable;

3) the instrumental variables are associated with the outcome 
 (disease) only through the exposure variables.

Apart from the first assumption, which can be empirically tested, these 
assumptions are difficult to test, and may not always be completely 
met. However, many MR analysis methods and sensitivity analyses 
can be used to test if any of these assumptions have been violated.1 
Some MR methods allow specific assumptions to be violated to some 
extent but can still return a valid outcome.

Figure 1. The nucleus of a cell with several chromosomes inside. 
One chromosome has unravelled to show nucleosomes, which in 
turn unravel to show DNA, with its double helical structure. The two 
DNA strands are composed of nucleotides, and a sequence of several 
nucleotides make up an allele, or gene variant. A difference of one 
nucleotide base in the sequence is termed a SNP.  Image from https://
pixabay.com.

A fictitious example can demonstrate the randomisation of SNPs: 
SNP1 has a T nucleobase and SNP2 has an A nucleobase in its place. 
Thus, both are different SNPs and can lead to two different outcomes. 
A part of the population may inherit SNP1 and others may inherit 
SNP2.

SNP1: AAGGTTCC → disease A = 44%
SNP2: AAGGTACC → no disease = 56%

In the example above, 44% of the population have SNP1, resulting in 
44% of the population also having an increased risk for developing 
disease A. Likewise, 56% of the population have SNP2, which means 
they have a reduced risk of developing disease A.

Surprisingly, beyond disease risk, our DNA, genes and SNPs may be 
responsible for many of the decisions we make,2 even ones such as 
whether we are likely to drink alcohol or are an early riser. One’s genes 
and DNA are fixed at conception and so there is no chance of external 
factors influencing or changing the DNA after this moment.3,⁴ This 
avoids the problem of figuring which came first, the disease or the 
risk factor causing the disease, and thus whether the risk factor 
caused the disease, or the disease caused the risk factor.

The fundamental idea of MR is to find SNPs associated with the risk 
factor we are testing to see if they are related to the disease. This SNP 
must not be related to other confounding factors associated with the 
disease, or even directly with the disease itself, except through the 
risk factor. If we then find that the SNP is associated with the disease, 
this must be due to the risk factor causing the disease.1
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In the most commonly conducted MR analysis, risk factor (exposure 
variable) data and the outcome variable data are obtained from 
different samples. This means data from publicly available giant 
consortia can be used, resulting in large sample sizes for the analysis 
(Table 1). As there are many consortia, it is possible to test for causal 
associations between different pairs of risk factors and outcomes.⁵ 
There are many applications and limitations to a MR study, some of 
which are shown in Table 1. 

Table 1. The applications and limitations of MR analysis and 
studies.

Applications Limitations

MR analysis can be cheap to 
conduct if data are available 
from publicly available 
Genome- Wide Association 
Studies (GWAS).

Data consortia for the relevant 
risk factor or outcome may not 
be available.

MR studies allow triangulation 
and the use of many methods 
to test for potential violations of 
MR assumptions.

There may not be updated 
GWAS studies in the relevant 
field. Thus, only very few and 
weak SNPs may be available for 
analysis.

MR analysis is less likely to be 
affected by reverse causality 
compared with other types of 
studies, like case-control, cross 
sectional and cohort studies.

The GWAS studies may have a 
small sample size.

MR results provide a stronger 
form of evidence compared 
with observational studies.

The analysis will not be correct 
if the assumptions for MR 
methods are not met.

MR studies are increasingly 
common, and the methods are 
now widely recognised.

The second and third MR 
assumptions are difficult to test 
empirically.

Previously, MR studies have been used to establish a causal 
association between obesity and smoking behaviours,⁶ triglycerides 
and cardiovascular disease incidence,⁷ and many other important 
associations.
 
By using MR we may be able to develop a greater understanding of 
some of the toughest questions facing medicine today, including a 
better insight into diseases and how to deal with them.2 It could thus 
allow us to better inform decisions and government policies, and 
ensure we are providing correct advice.
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