
Mendelian	Randomization



Drawback	with	observational	studies
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The	power	of	genetics	
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Mendelian	Randomization

• Basic	principle:	“genetic	variants	which	mirror	the	biological	effects	of	a	
modifiable	environmental	exposure	and	alters	disease	risk	should	be	
associated	with	disease	risk	to	the	extent	predicted	by	their	influence	on	
exposure	to	the	risk	factor.”

• The	random	allocation	of	genetic	variants	from	parents	to	offspring	means	
these	variants	will	generally	be	unrelated	to	other	factors	which	affect	the	
outcome.

• Furthermore,	associations	between	the	genotype	and	the	outcome	will	not	
be	affected	by	reverse	causation	because	disease	does	not	affect	genotype

Ebrahim & Davey Smith, Hum Genet 2008
Davey Smith & Ebrahim, Int J Epi 2004



Hingorani & Humphries, Lancet 2005

Possible effects of C-reactive protein (CRP) on cardiovascular (CV) events. Expected 
outcome from hypothetical randomized clinical trial of selective CRP-lowering intervention, 
and from Mendelian randomization analysis, if CRP were causal in developing CV. 



Three	key	assumptions	in	MR	analysis

1. G	(SNP	or	a	combination	of	multiple	SNPs)	
is	robustly	associated	with	X	(risk	factor)

2. G	is	unrelated	to	any	confounders	C,	that	
can	bias	the	relationship	between	G and	Y	
(outcome).	In	other	words,	there	are	no	
common	causes	of	G	and	Y	(e.g.	population	
stratification)	

3. G	is	related	to	Y	only	through	its	
association	with	X	(i.e.	no	pleiotropy)
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Assumption	1:	G	is	robustly	associated	with	X	

• Under	certain	conditions,	the	relative	bias	of	the	instrument	variable	(IV)	
estimate	is	~1/F.	A	“weak”	IV	has	been	defined	as	having	F<10,	where

• Weak	IVs	can	lead	to	biased	effect	estimates	(in	the	direction	of	the	observed	X-Y	
association)	in	the	presence	of	confounding	of	the	X–Y	relationship.	

R2 is	variance	in	X	explained	by	the	IV(s),	
n	is	sample	size	and	k	is	number	of	IVs

Pierce,	IJE	2011



Assumption	2:	No	confounding

• G	is	independent	of	factors	(measured	and	unmeasured)	that	
confound	the	X-Y	relation

• Since	G	is	randomized	at	birth	and	thus	is	independent	of	non-genetic	
confounders	and	is	not	modified	by	the	course	of	disease,	the	one	
main	concern	here	is	population	stratification	– i.e.	if	ancestry	is	
related	both	to	G	and	Y.	

• If	you	have	individual-level	data,	you	can	test	for	this	(e.g.	PCA)



Assumption	3:	No	pleiotropy

• This	assumption	is	the	trickiest

• Assumes	that	G	is	only	associated	with	Y	via	X	and	thus	the	
association	between	G	and	Y	is	fully	mediated	by	X	and	not	through	
any	unmeasured	factor(s).	Needs	to	be	true	for	SNPs	in	LD	too
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Scenarios	invalidating	assumption	3
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Haycock	et	al,	Am	J	Clin Nutr 2016



Individual-level	data	in	one	sample

• Access	to	SNPs,	risk	factor,	and	outcome	for	all	participants

• The	causal	effect	of	X	on	Y	can	be	estimated	using	2-stage	least-squares	(2SLS)	
regression:

1. X	=	a + 	𝛾𝐺
2. Y	=	c + 𝛽𝑋∗,	where	𝑋∗ are	the	genetically	predicted	exposure	levels	as	

measured	in	(1)		

• The	causal	estimate	is	given	by	𝛽
• Can	be	implemented	in	R	using	the	“ivpack”	package
• Weak	instruments	cause	bias	towards	the	observed	confounded	association	



Summary	data	from	two	samples

• The	G-X	and	the	G-Y	associations	are	estimated	in	two	different	
samples.	

• Assumes	no	overlap	among	samples	and	that	the	two	populations	are	
similar	(ethnicity,	age,	sex,	etc.)

• Here,	bias	due	to	weak	IVs	will	be	towards	the	null

• Note:	The	G-X	and	G-Y	associations	need	to	be	coded	using	the	same	
effect	allele



Summary	data	from	two	samples
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Meta-analysis of associations between height and risk of breast cancer in prospective cohort studies. 

Ben Zhang et al. JNCI J Natl Cancer Inst 2015;107:djv219



Ben Zhang et al. JNCI J Natl Cancer Inst 2015;107:djv219



• Association	between	BMI	and	cancer	risk	was	
assessed	for	22	cancers

• 5.24	million	individuals	(166,996	cancer	cases)

Bhaskaran et	al,	Lancet	2014



Childhood	body	fatness	is	inversely	
associated	with	breast	cancer	risk

Baer	et	al,	AJE	2010
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Expansion	to	other	cancer	types	within	GAME-ON
Cancer	Type Cases Controls GWAS	studies

Breast
All 15,569 18,204 11
ER-negative 4,760 13,248 8

Colorectal 5,100 4,831 6

Lunga

All 12,527 17,285 6
Adenocarcinoma 3,804 16,289 6
Squamous 3,546 16,434 6

Ovariana

All 4,369 9,123 3
Clear-cell 356 9,123 3
Endometrioid 715 9,123 3
Serous 2,556 9,123 3

Prostate
All 14,160 12,712 6
Aggressive 4,446 12,724 6
Total 51,725 62,155 Gao	et	al,	IJE	2016



Childhood	body	fatness	(9	SNPs)

p=5.6x10-5

p=3.7x10-4

p=0.05

p=0.05

Gao	et	al,	IJE	2016



Adult	BMI	(77	SNPs)

p=0.002

p=3.4x10-7
p=0.003

p=0.002

p=0.0005

p=0.02

Gao	et	al,	IJE	2016



Bidirectional	MR	analysis

• Approach	to	overcome	reverse	causation

• IVs	for	both	X1 and	X2 are	used	to	assess	
the	causal	association	in	both	directions	

1. Is	G1 associated	with	X2?
2. Is	G2 associated	with	X1?

(Also	confirm	that	G1 is	associated	with	X1	
and	that	G2 is	associated	with	X2	
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BMI	and	CRP	– what	causes	what?

• There	is	a	consistent	observed	association	between	high	BMI	and	high	
CRP	levels

Timpson	et	al,	Int J	Obesity	2011

Light grey points represent a scatter plot of the correlation between 
circulating CRP and residual BMI. Gray areas represent 95% confidence 
regions around IV estimates. Black area represents 95% confidence regions 
around simple linear regression estimates.



• These	data	suggest	
that	the	observed	
association	between	
circulating	CRP	and	
measured	BMI	is	
likely	to	be	driven	by	
BMI,	with	CRP	being	a	
marker	of	elevated	
adiposity.

Timpson	et	al,	Int J	Obesity	2011



Drawbacks	with	MR	analysis

• Large	sample	sizes	are	needed!	

• As	genetic	effects	on	risk	factors	are	typically	small,	MR	estimates	of	
association	have	much	wider	confidence	intervals	than	conventional	
epidemiological	estimates.

• Make	sure	that	the	three	key	assumptions	hold!


