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Outline

Causal inference from observational data

What is Mendelian randomization?

Instrument strength example

Application: effect of body mass index on Ischaemic

Heart Disease

Summary



(Problem of) causal inference from observational data

methods

New methods:
propensity scores, marginal structural models, instrumental variables, 
structural mean models, measurement error, missing data approaches, 
structural equation models, ...

Disadvantages
Unmeasured confounding
Reverse causation

Advantages
Ethics & economics
Famous results:
  Richard Doll – 
  Smoking & lung cancer



What is Mendelian randomization?
Genotypes as instrumental variables 
What is a genotype?

Allele 2: 0, 1

Allele 1: 0, 1
Genotype
0 + 0 = 0
0 + 1 = 1
1 + 1 = 2



Exposure OutcomeGenotype

Confounders

(i)

(ii)

(iii)

What is Mendelian randomization?
Genotypes as instrumental variables 

What is an instrumental variable?



2003 2004



Unmeasured confounder: OLS biased

Instrument strength example



IV estimates consistent rather than unbiased

Instrument strength example



body mass index 
(BMI=weight/height2)

[adiposity]

Application

Ischaemic Heart 
Disease (IHD) 

FTO 
(rs9939609) chr 16
MC4R  
(rs17782313) chr 18
TMEM18  
(rs6548238) chr 2

Confounders

[reduced blood supply to heart,
angina, 
heart attack]

3 large studies in Copenhagen
• Copenhagen General Population Study(CGPS)

N=54613, 3780 IHD events
• Copenhagen City Heart Study (CCHS)

N=10474, 2006 IHD events
• Copenhagen Ischaemic Heart Disease Study 

(CIHDS) case-control, BMI not measured
N=10540, 5270 IHD events



NHS Atlas of Risk (deaths registered in England in 2007)



OR for a 4 kg/m² increase in BMI

Observational and instrumental variable estimates



Logistic structural mean model IV estimates

OR for a 4 kg/m² increase in BMI



Summary
Mendelian randomization

Instrument strength example

Bristol expertise: Maths, CMPO/Economics, School of Social and 
Community Medicine

Application: effect of BMI on IHD


