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• Details at www.mendelianrandomization.com



Observational data

• Correlation is not 
causation

• Observed associations 
between a risk factor 
and an outcome may 
result from:

o Confounding

o Reverse causation



Randomized trials

• In a randomized trial, 
participants are randomly 
assigned to a treatment group

• Random allocation ensures all 
potential confounders are 
equally distributed (on 
average) between the groups

o Unmeasured confounders

• Allocation of treatment gives a 
time-ordering

o Reverse causation



Assessment of causality

• Mendelian randomization 
is analogous to a 
randomized trial

• An association between 
the genetic variant and 
the outcome is indicative 
of a causal effect of the 
risk factor on the 
outcome



Instrumental variables

• An instrumental variable is:

1. Associated with the risk factor 
of interest

2. Not associated with any 
potentially confounding 
variable

3. Only associated with the 
outcome via the risk factor

• Provides a natural experiment in 
observational data, similar to a 
randomized trial



Mendelian randomization

• Genetic variants are particularly 
suitable candidate instrumental 
variables

o Scientific knowledge of genetic function

o Specific association with traits

o Genetic sequence is determined at 
conception

• Mendelian randomization is the use 
of genetic instrumental variables in 
observational data to obtain causal 
inferences



Role of Mendelian 
randomization in drug discovery

• Target discovery:

o identify new targets

• Target validation: Offer insight into 
existing/putative targets:

o increase or reduce enthusiasm

o insight into safety profile

o identify opportunities for repositioning

o identify interactions between treatments

o identify subgroups with greater efficacy

o estimate impact in clinical trial



Genetics can recapitulate known 
causal associations

• GWAS of lung cancer identified a genomic 
region associated with lung cancer

o Biological hypothesis: causal gene may regulate 
downstream signalling pathways and impact cell 
proliferation

o Hint that SNP may not be associated in never 
smokers



• Genetics has “discovered” that smoking causes lung 
cancer!



Example: C-reactive protein 
and coronary heart disease
• C-reactive protein is observationally associated 

with coronary heart disease risk

• But that does not necessarily mean that it is a 
causal risk factor

• Inflammation hypothesis:

o Does inflammation lead to heart disease?

o Are inflammatory biomarkers raised in response to pre-
clinical disease?

o Are both processes driven by another mechanism?

• Can use common genetic variation in the CRP
gene region to assess question of causation



Example: CRP and CHD risk
• Assessing associations with measured covariates



Example: CRP and CHD risk



Taxonomy of MR studies

1. Risk factor is a protein biomarker

• One or a small number of genetic variants

• Usually one gene region

• Gene region has strong biological link with risk 
factor

• Often, we can develop drugs to act on the same 
biological pathway

• The most plausible assessment of causation



Example: interleukin-1 and 
cardiovascular outcomes

• Interleukin-1 (IL1) is another inflammatory 
biomarker

• We consider two genetic variants in the IL1RN
gene region that encodes the IL-1 receptor 
antagonist

• Anakinra, the recombinant form of IL-1 receptor 
antagonist, is used in the treatment of 
rheumatoid arthritis



Example: IL1 and CVD risk

• We can compare known effects of anakinra on 
intermediate traits to the associations of the 
genetic variants with these traits

Freitag et al. “Cardiometabolic effects of genetic upregulation of the interleukin 1 
receptor antagonist: a Mendelian randomisation analysis”, Lancet D+E 2015



Example: IL1 and CVD risk



Example: IL1 and CVD risk



Interpretation of a causal effect

• A Mendelian randomization estimate represents 
the change in the outcome from a change in the 
risk factor corresponding to a life-long difference 
in the usual levels of the risk factor from 
conception

• This typically differs from the effect of 
lowering/raising the risk factor in practice, such 
as by a clinical/pharmacological intervention

• Why might estimates differ?

• When does this matter? 
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Long-term versus short-term
• Genetic effects are typically life-long, clinical 

interventions are often short-term

o Atherosclerosis is a chronic condition

o We would expect the impact of a one-day lowering in 
LDL-cholesterol levels to be less than that of a one-year 
intervention, or a five-year intervention

o So we would expect the impact of genetically lowered 
LDL-c to be greater even than that of a five-year 
intervention

o In contrast, we may expect there to be less difference 
between the MR estimate and trial estimate for the risk 
factor of blood pressure
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Long-term versus short-term
• For lipids, the causal estimate from Mendelian 

randomization of the effect of LDL-c on CHD risk 
is 3-3.5 times the proportionate effect of statins 
on CHD risk

o (assuming 5 year treatment in primary prevention:
25% lower lipids, 30% lower CHD risk)

• For blood pressure, the MR estimate is 2.5 times 
the effect of SBP/DBP on CHD risk
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Usual versus pathological levels
• Is CRP causal for coronary heart disease risk?

o C-reactive protein (CRP) is an acute phase reactant

o CRP concentrations increase sharply during disease 
episodes

o Genetic associations with CRP are usually estimated in 
healthy individuals

o There are suggestions that genetic predictors of “usual” 
CRP levels are also associated with pathological 
concentrations 

o However, the primary question addressed in a Mendelian 
randomization analysis is: “do long-term elevated levels 
of CRP cause CHD?” and not “do acute levels of CRP 
cause CHD?”

o Long-term question more relevant for disease 
prevention? (eg polypill)
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• Lipoprotein(a) is highly heritable

• Concentration differs by 1000 fold between 
individuals

• LPA gene region explains up to 90% of the 
variance in Lp(a)

o I am somewhat sceptical of this claim, as several Lp(a) 
assays are isoform-sensitive, but certainly highly 
(60%+) heritable

• Compounds to lower Lp(a) have passed Phase 2 
trials

• These compounds lower Lp(a) by up to 90%

Lipoprotein(a) and CHD risk



Lipoprotein(a) and CHD risk





Lipoprotein(a) and CHD risk
• However, several previous treatments that lower 

Lp(a) by 30-40% have not been successful in 
Phase 3 trials

• To what extent must we lower Lp(a) to improve 
disease risk?

• We considered ultra-fine mapping in the LPA gene 
region



Lipoprotein(a) and CHD risk
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Lipoprotein(a) and CHD risk



Lipoprotein(a) and CHD risk



• Linear relationship between Lp(a) and log-CHD 
risk

• Makes more sense to model Lp(a) on absolute 
scale rather than log-transformed scale

• Changes in CHD risk are proportional to absolute 
change in LDL-cholesterol concentration

• Need to trim/winsorize to account for outliers

• But MR estimate represents effect of life-long 
intervention in Lp(a)…

• … how to find effect of short-term lowering?

Lipoprotein(a) and CHD risk



• We assume that 
Lp(a) and LDL-
cholesterol are 
similar

• In that ratio of life-
long (MR) to short-
term effect is 
assumed to be 
same between 
Lp(a) and LDL-
cholesterol

Lipoprotein(a) and CHD risk



MR estimate for lipoprotein(a) per 10mg/dL lowering

MR estimate for LDL−cholesterol per 10mg/dL lowering
= Ratio of atherogenenicity

Proposed magnitude of lipoproprotein a reduction in mg/dL × Ratio of atherogenenicity =
Equivalent reduction in LDL−cholesterol in mg/dL

exp
Equivalent reduction in LDL−cholesterol

38.67
× log 0.78 =

Predicted odds ratio for CHD risk reduction in short−term trial

Approach 1:

Step 1:

Step 2:

Step 3:

Approach 2:

Step 1:

Step 2:

Trial estimate for LDL−cholesterol per 1mmol/L lowering

MR estimate for LDL−cholesterol per 1mmol/L lowering
= Ratio of short−term to life−long effects

exp(MR estimate for lipoprotein(a) lowering × Ratio of short−term to life−long effects) =
Predicted odds ratio for CHD risk reduction in short−term trial

Lipoprotein(a) and CHD risk



• Based on the MR 
estimates, a ~100 
mg/dL change in Lp(a) 
is equivalent to a 
38.67mg/dL 
(1mmol/L) change in 
LDL-cholesterol

• Hence short-term 100 
mg/dL change in Lp(a) 
will have similar effect 
to statins in a short-
term trial

Lipoprotein(a) and CHD risk



Lipoprotein(a) and CHD risk



• Only ~1% of the population have Lp(a) 
>100mg/dL

• For someone with Lp(a) 20mg/dL, a 30-40% 
reduction would not provide sufficient benefit

• Hence need to target those with high Lp(a)

• Drugs may be more effective in African descent 
individuals, as they have higher average Lp(a) 
concentrations

• Will be ineffective in East Asians

• But, the lifelong effect of Lp(a) >160mg/dL is 
similar OR to FH – and similar prevalence

• Screening strategy (genetic or phenotypic)

Lipoprotein(a) and CHD risk



Summary
• Genetic variants can be used to obtain causal 

inferences about modifiable risk factors from 
observational data

• Mendelian randomization investigations are 
becoming easier to perform and more powerful 
due to summarized data

• Question marks:

o how to choose variants?

o how to interpret?

o how to prioritize?

• Quality of genetic variants as instrumental 
variables (genetic proxies) is crucial to the quality 
of evidence

• Estimand: what are we estimating?



Thank you!




