
Testing Causal pathways in 
Epidemiology



Epidemiology

Epidemiology = the study of rates, causes and cures of disease. 

Observational evidence = studies where phenotypes are simply 
recorded as they are without experimental manipulation or 
randomisation. For example, cohort studies or cross-sectional studies. 



Public health framework

• “drug use is a risk factor; the significance of use lies in the risk of 
harm associated with it and the risk that use will intensify, escalating 
to abuse or dependence”

• Key PH questions
• what influences pathways to harmful use
• what interventions reduce drug use harm
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Epidemiology



Problem with observational evidence: 
confounding 

Problem:	confounding	factors



Mendelian Randomization  
SEE
https://www.youtube.com/watch?v=LoTgfGotaQ4

• Mendelian randomisation uses genetic variants like the randomiser in an RCT

• It uses the genetic variants as an instrument for instrumental variable analysis (commonly used in 
economics)

• Instrumental variable analysis uses a proxy for the exposure to estimate the causal relationship between the 
exposure and outcome. 

• Alleles inherited independently of confounders

• Not affected by reverse causality

https://www.youtube.com/watch?v=LoTgfGotaQ4


Assumptions of MR

1) The genetic variant should be reliably associated with the exposure  
2) The genetic variant should only be associated with the outcome 
through the exposure of interest  
3) The genetic variant should be independent of other factors affecting 
the outcome (confounders) 



Mendelian Randomisation
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Mendelian Randomisation

üAlleles inherited independently of confounders
Inheritance of alleles associated with the exposure is independent of confounders.

üNot affected by reverse causality
The outcome cannot go back and change the genes you are born with. 

Z X Y

U

Mendelian randomization

Random segregation of alleles

Exposed: one allele Control: other allele

Confounders equal 
between groups

Outcomes compared between groups



Mendelian Randomisation
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Assumptions
1. The instrument, Z, must be associated with the exposure X
2. Z must not be associated with the confounder U
3. Z is independent of Y apart from through the exposure X 



Smoking and Depression/Anxiety



Smoking and Depression/Anxiety



Smoking and Depression/Anxiety



Smoking	and	Depression/Anxiety



Randomised Controlled Trials
Randomized controlled trial

Randomization method

Exposed: intervention Control: no intervention

Confounders equal 
between groups

Outcomes compared between groups



Genetics of Smoking

Furberg et	al.	(2010).	Nat	Genet,	42,	441-447.



• Missense	mutation	in	α5	subunit	gene	of	nicotine	receptor
• Definite	functional	significance

Version	1.
‘G’	allele:	
Normal	response	
to	nicotine.

Version	2.
‘A’	allele:	
Poorer	response	
to	nicotine.

This	version	
increases	risk	for	
heavy	smoking	by	
1	cigarette	a	day	
per	effect	allele.Bierut et	al.	(2008).	Am	J	Psychiatry,	165,	1163-1171.

Genetics of Smoking



GG GA AA

Smoking MR



Mendelian Randomisation
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30+	studies	with	data	on:

• rs1051730/rs16969968
• Smoking	status
• Various	outcomes

Restricted	to	samples	of	
European	ancestry

Total	sample	size	>150,000

One-sample

One-sample
Genetics,	smoking,	depression	and	anxiety	measured	in	the	same	individuals.
Instrument	identification	from	independent	GWAS.		



Never

Former

Current

Total

Smoke

1.05 (1.01, 1.10)

1.02 (0.97, 1.08)

1.02 (0.97, 1.07)

1.03 (1.00, 1.06)

ES (95% CI)

1.05 (1.01, 1.10)

1.02 (0.97, 1.08)

1.02 (0.97, 1.07)

1.03 (1.00, 1.06)

ES (95% CI)

  1.8 1.2
OR per minor allele

Never

Former

Current

Total

Smoke

1.02 (0.97, 1.06)

1.00 (0.95, 1.05)

1.00 (0.95, 1.05)

1.01 (0.98, 1.04)

ES (95% CI)

1.02 (0.97, 1.06)

1.00 (0.95, 1.05)

1.00 (0.95, 1.05)

1.01 (0.98, 1.04)

ES (95% CI)

  1.8 1.2
OR per minor allele

Taylor et al. (2014). BMJ Open, 4, e006141.  

Results
Depression Anxiety



Smoking and Depression/Anxiety



Alcohol Harms

Population Health Sciences 23



Figure 3 

The Lancet 2015 386, 2098-2111DOI: (10.1016/S0140-6736(15)00680-7) 

Liver mortality in England and 
Wales, 1980–2013



Some alcohol related 
conditions…
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Female relative mortality risk by mean weekly 
consumption and drinking days



Does moderate alcohol reduce heart disease?

• Strong observational data
• But is there confounding, reverse causation in relation to people who 

report being abstinent
• Test causal linkage through mendelian randomisation
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Confirming that genetic variant ADH1B 
rs1229984 associated with reduced 
alcohol consumption
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Test for causal association
• “If U shaped association between alcohol and CHD is 

real… then event rates in rs1229984 A-allele carriers will 
vary …by drinking levels” 

• In light to moderate drinkers (>0 to <21 units/week), ADH1B 
rs1229984 A-allele carriers will be expected to have a higher 
coronary heart disease event risk,

• for heavy drinkers (≥21 units/week) they will be expected to 
have a lower event risk. 

• And no effect in non-drinkers
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Reduced alcohol associated with 
reduced CHD at all levels of 
alcohol
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Questions cardio-protective effect and suggests association due to confounding/ selection 
bias



Future epidemiology in drug use 

• Public health framework
• Still at stage of establishing and strengthening evidence base

• Extent of health harms
• Prevalence of drug use that leads to harm
• Test for causal contribution
• Targets for Prevention


