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(Problem of) causal inference from observational data

Disadvantages
Unmeasured confounding
Reverse causation

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

“It’s not you. It’s yowz 4a.” methods

New methods:

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



What is Mendelian randomization?

Genotypes as instrumental variables

What is a genotype?

Allele 1: 0, 1 Genotype
Jo0+0=0
Allele 2: 0, 1 0+1=1
1+1=2




What is Mendelian randomization?

Genotypes as instrumental variables

Genome-wide association study of 14,000
(l) cases of seven common diseases and

What is an instrumental variable?
3,000 shared controls

> Confounders

Genotype_> Exposure — Outcome
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30TH THOMAS FRANCIS JR MEMORIAL LECTURE

‘Mendelian randomization’: can genetic
epidemiology contribute to understanding
environmental determinants of disease?*

George Davey Smith and Shah Ebrahim

Assodations between modifiable exposures and disease seen in observational epidemiology are
sometimes confounded and thus misleading, despite our best efforts to improve the design and
analysis of studies. Mendelian randomization—the random assortment of genes from parents to
offspring that occurs during gamete formation and conception—provides one method for assessing
the causal nature of some environmental exposures. The assodation between a discase and a
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Genetic epidemiology—the theme of this 1ssue of the Infernational
Journal of Epidemiology—is seen by many to be the only future
for epidemtology, perhaps reflecting a growing awareness of the
limitations of observational epldcmm]ogy' (Box 1). Genetic epl-
demiology Is concerned with understanding heritable aspects of
disease risk, Individual susceptibility to disease, and ultimately

However, In parallel to the approaches advocated by HuGE, genetic
epidemiology can lead to a more robust understanding of environ-
mental determinants of disease (e.g. dietary factors, occupational
exposures, and health-related behaviours) relevant to whole
populations (and not stmply to genetically susceptible sub-
populauunsn’"m This appm:u:}ll }:Js recently been referred to

with contributing to a ¢ molecular und

of pathogenesis. The massive Investment and expanston of human
genetics, If 1t 1s to return value for the common good, must be
Integrated Into public health functions. The human genome epl-
demiology network (HuGE Net—htp://www.cdcgov/genetics/
huge.htm) has been established to promote the use of genetic
knowledge—in terms of genetic tests and services—for disease
prevention and health pmmnuon.“ A broad taxonomy of
human genome studles of public health relevance has been
dcvcloped" (Box 2). In this 1ssue of the IJE, we publish a paper
by Miguel Porta,® who highlights the need for a more rattonal
approach to genetic testing, given the likely low penetrance of
many genes assocated with cancers,$ Itkening the role of the
genome to a Jazz score that Is Interpreted and developed through
experience and context—and 1s seldom predictable. Such insights

as
reviewlng reasons for current concerns about aettological find-
Ings generated by conventional observational epidemiology and
then we outline the potential contribution (and Imitations) of
Mendelian randomization.

M Here we begin by briefly

Observational epidemiology:

yet more residually confounded
assoclations of no causal significance?

Over the last decade several severe Indictments of epldemiology
have appeared, with the major thrust being that spurious non-
replicable and non-causal findings are produced and sometimes
widely disseminated.'®2" The most sallent examples come
from situations in which observational epidemtologlical studles

may well temper enthuslasm for genetic testing In pop 18,
University of Bristol, Department of Soctal Medidne, Canynge Hall,
Whiteladies Road, Bristol BS8 2PR, UX.

* 30th Thomas Francks Jr Memonrial Lecture, to be delivered by George Davey
Smith at the University of Michigan, School of Public Health, 6 March 2003

have highl ed an apparently substantial causal assoclation
that has later falled to be confirmed In large-scale mandomized
controlled trals (RCT). An important example of this is the con-
tradictory set of findings regarding the assoclation between the
antioxidant vitamin B-carotene and smoking-related cancers.
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Commentary: The concept of ‘Mendelian

randomization’

Duncan C Thomas and David V Contl

This tssue of the International Journal of Epidentiology reprints a
seminal letter to the editor by Martyyn Katan,! which appears
to be the first description of the concept of “Mendeltan random-
1zatton.” In discussing the controversy over whether the assod-
atton between low serum cholesterol and cancer 1s causal or
might simply reflect an effect of the disease to lower cholesterol
levels (‘Teverse causation’) or confounding by diet or other
factors, Katan proposed a test of causality by studying instead

Department of Preventive Medicine, Untverstty of Southemn Caltfornta,
Los Angeles, CA 9089.9011, USA
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have shown how the magnitude of the estimated effects of
a gene (G) on an Intermediate phenotype (IP) and on disease
(D) can be combined to yleld an estimate of the causal effect of
the intermediate phenotype on disease, as lllustrated In the
following figure:

(where the dotted arrow from G to D represents the indirect
assoctation assumed to be mediated entirely through IP).

Use of instrumental variables

in epidemiology

It may seem perverse to try to study the causality of a
relationship between IP and D through the relationship of
each with G, but there 1s merit in the idea. While its application
to molecular epidemiology is novel, the idea 1s more than
70 years old, apparently first introduced into the econometrics
Itterature by Wright” and later adopted Into the statistical
measurement error and causal inference literature under the
rubric of ‘nstrumental vartables’ *-1° The basic 1dea 1s that 1f a
causal pathway 1s correctly specified as in the above Figure
(including certain additional assumptions discussed in the
Appendix), then the causal effect of IP on D can be esttmated by
the ratio of the coeffidents for the regresston of D on G and of
IP on G. (An exactly analogous argument applies in random-
1zed controlled trials, where G would represent ‘intent to treat”
and [P the treatment actually received: although the IP-D
association could be biased varlous ways, the G-D association Is

the relationship between cancer and a genetic determinant
of serum cholesterol, the apolipoprotein A (APOE) gene.
His rattonale was that since alleles are allocated essentially at
random, such an assoctation would not be subject to either
confounding or reverse causation. Thus, 1f a causal relationship
between APOE and serum cholesterol were dearly established,
then an assodatton between APOE and cancer would provide
indirect evidence for the causality of the association between
serum cholesterol and cancer. Although Katan did not use the
term ‘Mendelian randomization’, the concept has been
attributed to him and subsequently developed by a number of
other authors.2 In particular, Davey Smith and Ebrahim?

connection Induced by confounding by G:

—
\
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This would be a case of a ‘false-positive” inference—an
incorrect concluston that there 1s a causal connection between IP
and D when In fact none exists. Of course, negative confounding
could also lead to a false-negative concluston—that there was no
assoctation between [P and D when there really is one.

One way such a sttuation could come about 1s when a single
gene has plelotropic effects. Suppose, for argument sake, that
the true causal picture were as follows:

G—— P,

o em————

p, ———

where the solid arrows Indicate causal connections and the
dashed arrow Indicates a non-causal association induced by the
other assoctations.

For example, Davey Smith and Ebrahim? provide an inter-
esting discussion of the role of folate, homocysteine, and the
methylenetetrahydrofolate reductase (MTHFR) gene In the
aetiology of coronary heant disease (CHD) and neural tube defects
(NTD). This 1s a very complex pathway, nvolving several feedback
L TN aabb batdhacinl




Instrument strength example
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Instrument strength example

Bz= 0.01,F= 0.72, R'=0.0001
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Confounders

Application

FTO
(rs9939609) chr 16
MC4R > body mass index | > Ischaemic Heart
(rs17782313) chr 18 (BMI=weight/height?) Disease (IHD)
adiposit
TMEM18 [adip 4 [reduced blood supply to heart,
(rs6548238) chr 2 angina,
heart attack]
Weight [pounds]
"1/ T T A7 2 3 large studies in Copenhagen
Underweight /Normal rang@®verweight . D{)ese’/ &
up S TR EETANG  eon > * Copenhagen General Population Study(CGPS)
— i i < N=54613, 3780 IHD events
g1 >t =12« Copenhagen City Heart Study (CCHS)
= 7 g 2 N=10474, 2006 IHD events
2t A P =5 ¢  Copenhagen Ischaemic Heart Disease Study
A7, - (CIHDS) case-control, BMI not measured
A4 L A | S N=10540, 5270 IHD events

Weight [kilograms]



Heart & circulatory disorders: accounts for 34% of deaths in this group

The heart & circulatory disorders shown here
represent the biggest killers. They account for
approximately 158,500 deaths out of a total

heart & circulatory disorders

Accounted for 33.7% (158,500) of all deaths in England [ cancer
Click the bar to find out more

470,700 in England.
. ; Ischaemic heart diseases accounted for .
—-resplraww disorders 46.8% (74,200) of all deaths from heart To find out more click on a bar
- nervous system disorders & circulatory disorders
I cioestive disorders Click for more info

- kidney disorders
. infections
. non-transport accidents
[l diabetes
l musculoskeletal disorders
] suicide

stroke (cerebrovascular disease)

structural and infective heart problems
arterial disease

Itransport accidents heart failure
|mema| health disorders

hypertensive diseases
undetemined events diseases of veins
|murder

pulmonary artery disease
]mediml complications rheumatic fever
\pregnancy & birth

hypotensive diseases
|war

Obesity: led to 11% of deaths in this group

The bars represent all deaths that are attributable
high blood pressure to obesity. Out of a total of 470,700, obesity led to
approximately 47,700 deaths in England.
smoking

Ischaemic heart diseases accounted for | 1© find out more click on a bar
51.6% (24,600) of all deaths from
obesity

Click for more info

high cholesterol
obesity

Accounted for 10.1% (47,700) of all deaths in England
Click the bar to find out more
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- infections
- non-transport accidents

. transport accidents

stables

:I illicit drug use
I murder

| medical complications

pregnancy & birth
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NHS Atlas of Risk (deaths registered in England in 2007)




Observational and instrumental variable estimates

Observational

CGPS

CCHS

Subtotal (I-squared = 62.7%, p = 0.102)

Instrumental variable

"

CGPS
CCHS
CIHDS
Subtotal (I-squared = 0.0%, p = 0.560)

OR (95% CI)

1.23 (1.19, 1.28)
1.31 (1.23, 1.39)
1.26 (1.19, 1.34)

1.31 (0.76, 2.26)

> 2.11 (1.05, 4.24)
1.46 (0.96, 2.24)
1.52 (1.12, 2.05)

T
i

OR for a 4 kg/m? increase in BMI
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T
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Logistic structural mean model IV estimates

Study

ID OR (95% CI)
CGPS - 1.28 (0.75, 2.18)
CCHS } - ) 2.40 (0.87, 6.58)

Overall <<> 1.51 (0.8, 2.57)

75 1 1.5 2 3 4
OR for a 4 kg/m? increase in BMI



Summary

Mendelian randomization
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Instrument strength example

0]
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Application: effect of BMI on IHD
PP . S
Observational
CGPsS - 23 (1.19,1.28)
CCHS - 131 (123, 1.39)
ubtotal (I-sq p < 26 (1.19,1.34)
Instrumental variable
CGPS 1.31 (0.76, 2.26)
'CHS 2.11 (1.05, 4.24)
CCCCC I B 1.46 (0.96, 2.24)
a %p=0560 | ——_ (112,205)

Disease
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