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Some Criticisms of DOC Modelling in
Twins

Measurement error

Power (both variables need to have radically
different aetiologies)

Only useful for testing strong hypotheses about
causation

We now have genotypes for use in Mendelian
randomization studies



This Session

The problem with observational studies
What is Mendelian Randomization (MR)?

Examples of MR in research

— Opportunities for SEM (mediation/network models)
— Pharmacogenomics

Using R to perform MR



RCTs are the Gold Standard in Inferring
Causality
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Observational Studies

* RCTs are expensive and not always ethical or
practically feasible

* Association between environmental exposures
and disease can be assessed by observational
epidemiological studies like case-control studies

or cohort studies

* The interpretation of these studies in terms of
causality is problematic



CHD risk according to duration of current Vitamin E
supplement use compared to no use
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Ehe New York Times

May 20, 1993

Vitamin E Greatly Reduces Risk Of Heart Disease, Studies Suggest

By JANEE. BRODY

Two new studies of more than 120,000 men and women strongly suggest that supplements of vitamin E can significantly reduce the risk of dise
researchers and other experts cautioned against rushing out to buy the vitamin supplements before further clinical trials confirm that they are bey

The studies, by researchers at the Harvard School of Public Health and Brigham and Women's Hospital in Boston, showed that initially healths
coronary disease at a rate about 40 percent lower than comparable men and women whose intake of this vitamin was lowest. The preventive ¢
blood levels of cholesterol.

The greatest protection was found at levels of about 100 international units of vitamin E a day for more than two vears. The Federal recommer
consume fewer than 23 units from foods like vegetable oils, wheat germ, seeds, whole grains and nuts.

The researchers said vitamin E, as an antioxidant, might reduce heart disease by having an effect on low-density lipoprotein cholesterol, or LDI
tvpe of cholesterol damages arteries primarily after it has been oxidized.

The new findings, which appear today in The New England Journal of Medicine, are some of the first to find health benefits from taking large-c

"megadoses” of vitamins as a popular remedy whose value is unproven. Expert Urge Caution

While a person might conclude from the findings that it would be wise to take large doses of vitamin E supplements daily, their long-term safety
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The average
American lifespan
has increased
nearly 3 years over the

last 2 decades.*

We‘ve been selling vitamins
at a discount since 1977.

Coincidence? We don‘t think so.

_ { VitaminShoppe.com }

oo o ooy )




Use of vitamin supplements by US adults,
1987-2000
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Source: Millen AE, Journal of American Dietetic Assoc 2004;104:942-950



Vitamin E levels and risk factors:
Women’s Heart Health Study
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Manual social class
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Lawlor et al, Lancet 2004



Vitamin E supplement use and risk of Coronary Heart Disease
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Arch Intern Med 2004; 164:1552-6



“Well, so much for antioxidants.”



Classic limitations to “observational” science

« Confounding

e Reverse Causation

e Bias
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An Alternative to RCTs: Mendelian
randomization

In genetic association studies the laws

of Mendelian genetics imply that
comparison of groups of individuals
defined by genotype should only differ
with respect to the locus under study
(and closely related loci in linkage
disequilibrium with the locus under study)

Genotypes can proxy for some modifiable
risk factors, and there should

be no confounding of genotype by
behavioural, socioeconomic or
physiological factors (excepting those
influenced by alleles at closely proximate
loci or due to population stratification)

Mendel in 1862




Fisher and Confounding

“Generally speaking the geneticist, even if he
foolishly wanted to, could not introduce
systematic errors into comparison of
genotypes, because for most of the relevant
time he has not yet recognized them”

Fisher (1952)




Mendelian randomisation and RCTs
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Mendelian Randomization- Core

Assumptions
Confounders
SNP - Exposure - Outcome

(1) SNP is associated with the exposure

(2) SNP is not associated with confounding variables

(3) SNP only associated with outcome through the exposure



Equivalence Between Directed Acyclic
Graphs and SEMs

Confounders
SNP > Exposure > Qutcome
£1 gz
SNP > | Exposure > | Outcome




Why Perform MR?

e Assess causal relationship between two
variables

e Estimate magnitude of causal effect



Calculating Causal Effect Estimates

Confounders

7N

SNP > Exposure > Qutcome

BSNP-EXPOSURE BEXP-OUTCOME

/
2SLS: BSNP—OUTCOME

(1) Regress exposure on SNP
(2) Regress outcome on predicted exposure from 15 stage regression

(3) Adjust standard errors

Wald Test:

BSNP—OUTCOI\/IE / BSN P-EXPOSURE

*Can be used in different samples (“Two sample MR”)



Examples — using instruments for adiposity

U

Adiposity ~ Traits of

FTO >
metabolism

* |f adiposity DOES NOT causally affect metabolic traits,
then the FTO variant should NOT be related to these

metabolic traits

* |f adiposity causally affects metabolic traits, then the
FTO variant should also be related to these metabolic
traits to the extent to which it affects adiposity



Do intermediate metabolic traits differ as one would expect
given a FTO-BMI effect?

Given the per allele FTO effect of ~0.1SD and known observational
estimates one can derive an expected, per allele, effect on metabolic traits

Phenotype | Expected Change

Fasting 0.038 (0.033, 0.043)
insulin

Fasting 0.018 (0.014, 0.021)
Glucose

Fasting HDL -0.026 (-0.029, -0.023)

N—~12,000 samples of European ancestry



Bidirectional MR



CRP and BMI

C-Reactive Protein (CRP) is a biomarker of inflammation

It is associated with BMI, metabolic syndrome, CHD and a
number of other diseases

It is unclear whether these observational relationships
are causal or due to confounding or reverse causality

This question is important from the perspective of drug
development



“Bi-directional Mendelian
Randomization”
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Using MR to Inform Mother-Offspring
Associations



1.guardian, co, ukflifeandstylef 2008 oct /31 fwornen-pregnancy-alchohol-birkb-defecks

Tools  Help

nent of Social Medicin, .. Im Light drinking in pregnanc,.. l l

w -"'l Search =4+ &2 - E?* @ - % Bookmarks - ':f},—’ Check = 43| Translate ~ ﬁ5_| AukoFill = 4

News | Sport | Comment | Culture | Business | Money | Life & style | Travel Environment TV | Blogs | Video Community | Jobs

Life &Et}’]ﬁ Women
Light drinking in pregnancy may be
good for baby boys, says study

Researchers find fewer behavioural problems and higher test
scores atage 3

Sarah Boseley, health editor
The Guardian, Friday 31 Gctober 2003
Article histary

| imkt Aricilricia dorina nraananes hac o nnill affacte Aand s koo henafite for Rooee

b/ Buz up!

22 Digg it

S < Y5 £

A 1arger|smaller

Life and style
Women - Health &
wellbeing - Fregnancy

Careers talk
Join the community

Society
Health - Alcohal

UK news

Science
Meurascience - Medical
research - Reproduction

[Mare news

Related

22 Oct 2008
British scientists step
closerta womb

Latest from life and style

(I ANETEN Latest | Most commented

Last 24 hours

1. Modern manners: the pub

ra

YWhat clothes can | wear on a hike? | Ask
Hadley

L

Harry Potter and the chamber of lawyers

4. Shop | Kate Mass interview

i

Parenting: the rise of the gay dad




THE TIMES OF INDIA | Heaith

Home City India Business World Tech Sports Entertainment Life & Style Women Hotonthe Web Classified

Relationzhips  Health & Fitness  Spirtualty Fazhion Beauty Partiez Food People Speciale Debate
Health Fitnezs Dist Specialz

“ou are here: Home » Life & Style » Health & Fitnezs » Health

Mom's light drinking doesn't harm baby

FE ERS Tt

Pregnant drinkers : drinkaware.co.uk - want to know how aleshel may be affecting vour baby? Find sut teday

| Article | o a8 - ﬂ_ﬁl A2 b |3 Tweet [MORE V|

Tags: women | pregnancy | drinking | child | alcahol

Women who have one or two aleoholic drinks a
week during pregnancy do not harm their
children's behavioural or intellectual development,
according to a study by British scientists.

The researchers found that pregnant women who
drank up to a glass (175 millilitres) of wine, up to
50 ml of spirits or just under a pint of beer a week
did not affect their children. But children whose
mothers were heavy drinkers were more Likely to
be hvperactive and have behavioural and
emotional problems than those whose mothers did
not drink during pregnancy, the scientists said.

Mom's light drinking doesn't harm baby (Getfy

Images)



Total difficulties in top 10% of scores by mother’s

drinking category
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% of mothers who smoked during pregnancy by
drinking category
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Kelly Y, Sacker A, Gray R et al. J Epidemiol Community Health (2010), doi:10.1136/jech.2009.103002



% of Mothers who never worked, long-term unemployed
etc, by drinking category

Never Not in pregnancy Light Moderate Heavy/Binge

Kelly Y, Sacker A, Gray R et al. J Epidemiol Community Health (2010), doi:10.1136/jech.2009.103002



Maternal Alcohol Dehydrogenase and

Offspring 1Q

Table 2. Results for adjusted model including 4 child variants.

Gene SNP Matemal drinking during pregnancy
<1-6 units per week N=2792 Non-drinkers N=1375
Per allele effect on WISC score Per allele effect on WISC score

Child &95% confidence intervals P-value &95% confidence intervals P-value

ADHIA rs2866151 -1.95 0.004 -0.38 0.72
(—3.29 to—061) (-2.47 to 1.71)

ADHIA rs975833 -1.72 0.03 -0.66 0.53
(—3.23 to -0.21) (-2.90 to 1.59)

ADHIB rs4147536 -1.47 0.05 -071 0.53
(—2.97 t0 0.02) (-2.92 to 1.50)

ADH7 rs284779 -1.27 0.003 -011 0.18
(—2.10 to —044) (-1.12 to 1.35)




Alcohol dehydrogenase (ADH) risk allele score in offspring and
offspring 1Q, stratified by maternal alcohol intake during pregnancy
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Women not drinking in pregnancy

All women

3 Women drinking during pregnancy
P value for interaction of risk allele score and drinking during pregnancy equals 0.009

Lewis S et al, PLoS One Nov 2012.



Wine worry . - 2 mum-to-be (posed by model)

'MUMS WARNED

By EMMA LITTLE, Health and Science Editor

MUMS-to-be who drink just ONE GLASS
of wine give birth to kids with a lower
1Q, researchers have claimed.
A study found any amount of alcohol during
pregnancy can hit a baby’s developing brain.
Doctors at Oxford and Bristol universities tracked



Multiple Variants, Multivariable MR,
Two-Step MR and Network Models



Using Multiple Genetic Variants as
Instruments

* Allelic scores

FTD\

MC4R—

—
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N

Fat mass

Confounders

» Bone mineral density

Figure |. DAG for a Mendelian randomisation analysis using four genetic variants as instrumental variables for the

effect of fat mass on bone mineral density.

Palmer et al (2011) Stat Method Res

* Testing multiple variants individually



Two Step Mendelian Randomization
(Mediation Analysis)

FTO BMI CHD
LDL
HMGCR

 How much of the effect of BMI on CHD is mediated through LDL?

* Can be done using two sample MR

* Model can be fitted using SEM



Multivariable MR

SNP1

SNP2 Fat Mass

SNP3 \ Bone Mineral Density
/ (Osteoporosis)

SNP4 Lean Mass

SNP5
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Multivariable MR

SNP1

SNP2 Fat Mass

SNP3 \ Bone Mineral Density
/ (Osteoporosis)™

SNP4 Lean Mass

SNP5 *Difficult to fit in 2SLS

framework



Multivariable MR

3

SNP1

(Osteoporosis)

SNP2 Fat Mass
SNP3 > Bone Mineral Density

SNP4 Lean Mass

SNP5

&

*This model is not identified



Mendelian Randomization
and
Drug Targets



Late Stage Failure in Drug Trials
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Hazard Ratio

Association of LDL-C, HDL-C, and
risk for coronary heart disease (CHD)
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LDL and CHD Risk

30% —
B snsendg
—
w
(7p]
S
% 20%
14
%
.,g et rsB511720
o 182228671
l:
rs129'6 ‘r rs 1 1206510
| 4289376
| | | [ | | | | | | | | | | I |
D 10 20 30 4D 50 60 7O 80 90 100 110 120 130 140 150 160 70 180

Lower LDL-C (mg/dl)
Ference et al, JACC 2012



HDL: endothelial lipase Asn396Ser

L oss-of-function variants in
endothelial lipase are a cause
of elevated HDL cholesterol in humans

Andrew C. Edmondson,! Robert J. Brown,! Sekar Kathiresan,2:3 L. Adrienne Cupples,*
Serkalem Demissie,® Alisa Knodle Manning,* Majken K. Jensen,® Eric B. Rimm,5:6
Jian Wang,7 Amrith Rodrigues,! Vaneeta Bamba,! Sumeet A. Khetarpal,! Megan L. Wolfe,1
Stephanie DerOhannessian,! Mingyao Li,2 Muredach P. Reilly,°® Jens Aberle,!©
David Evans,’® Robert A. Hegele,” and Daniel J. Rader!?®

» 2.6% of population carry Serine allele
 higher HDL-C

* No effect on other lipid fractions

* No effect on other MI risk factors

Edmondson, J Clin Invest
2009



LIPG N396S and plasma HDL-C

HDL Difference

57
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55
54
53
52
51
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49
48
396S No 3965 Yes

396S carriers have
5.5 mg/dl higher HDL-C
P<108




After testing in 116,320 people,
summary OR for LIPG Asn396Ser is 0.99

Number of individuals OR (95% CI)
Cases Controls

AngioGOCARD/KORA 1953 1482 ——— 076 (0-46-1-24)

IFS 577 719 > 1.25 (0-51-3-08)

deCODE 729 29218 —.— 0-97 (0-60-1.58)

EPIC-NL 334 1827 = 0-64 (0-27-1-53)

GerMIFS-11 1127 1874 136 (0-82-2-24)

GRACE 683 656 > 2-48 (1-10-5.56)

MAHA 785 615 — 1.08 (0-68-172)

PennCATH 485 489 = 0-82(0-37-1-83)

uce 830 1139 = 0-87 (0-44-1.72)

POPGEN 2433 1687 —— 0-69 (0-42-1-14)
PROCARDIS 2183 3347 - 0-66 (0-45-0-98)

PROMIS 1854 1897 1.27 (0-74-2-16)

SHEEP 1151 1496 135 (0-85-2-14)

WTCCC 1561 2426 —— 074 (0-49-1-12)
All case-control studies 16685 48872 ‘ 0.94 (0-82-1-09)
ARIC 558 8214 — 0-80 (0-45-1-40)

CCHS 655 8964 133 (0-73-2-43)

DCH 933 1588 L 112 (0-66-1-90)

FHS 50 1462 > 2-35(0-69-8-00)

HPFS 426 869 > 1.97 (0-86-4-51)

MDC 1606 25438 1.01 (0.74-1-38)

i A28 AgLac 1.10.(0.80.1.27)
| Overall 20913 95407 0-99 (0-88-1-11)

T I T T |
Q-5 1 1.5 2 2.5



Individuals who carry the HDL-boosting variant
have the same risk for heart attack
as those who do not carry the variant



The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 NOVEMBER 22, 2007 VOL. 357 NO. 21

Effects of Torcetrapib in Patients at High Risk
for Coronary Events

Philip ). Barter, M.D., Ph.D., Mark Caulfield, M.D., M.B., B.S., Mats Eriksson, M.D., Ph.D.,

Scott M. Grundy, M.D., Ph.D., John J.P. Kastelein, M.D.,, Ph.D., Michel Komajda, M.D., Jose Lopez-Sendon, M.D., Ph.D.,
Lori Mosca, M.D., M.P.H., Ph.D., Jean-Claude Tardif, M.D., David D. Waters, M.D., Charles L. Shear, Dr.P.H.,
James H. Revkin, M.D., Kevin A. Buhr, Ph.D., Marian R. Fisher, Ph.D., Alan R. Tall, M.B., B.S.,
and Bryan Brewer, M.D., Ph.D,, for the ILLUMINATE Investigators®

RESULTS

At 12 months in patients who received torcetrapib, there was an increase of 72.1%
in high-density lipoprotein cholesterol and a decrease of 24.9% in low-density lipo-
protein cholesterol, as compared with baseline (P<0.001 for both comparisons), in ad-
dition to an increase of 5.4 mm Hg in systolic blood pressure, a decrease in serum
potassium, and increases in serum sodium, bicarbonate, and aldosterone (P<0.001
for all comparisons). There was also an increased risk of cardiovascular events
(hazard ratio, 1.25; 95% confidence interval [CI], 1.09 to 1.44; P=0.001) and death
from any cause (hazard ratio, 1.58; 95% CI, 1.14 to 2.19; P=0.006). Post hoc analyses
showed an increased risk of death in patients treated with torcetrapib whose reduc-
tion in potassium or increase in bicarbonate was greater than the median change.



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Effects of Dalcetrapib in Patients
with a Recent Acute Coronary Syndrome

Gregory G. Schwartz, M.D., Ph.D., Anders G. Olsson, M.D., Ph.D., Markus Abt, Ph.D.,
Christie M. Ballantyne, M.D., Philip J. Barter, M.D., Ph.D., Jochen Brumm, Ph.D.,
Bernard R. Chaitman, M.D., Ingar M. Holme, Ph.D., David Kallend, M.B., B.S.,
Lawrence A. Leiter, M.D., Eran Leitersdorf, M.D., John J.V. McMurray, M.D.,
Hardi Mundl, M.D., Stephen J. Nicholls, M.B., B.S., Ph.D., Prediman K. Shah, M.D.,
Jean-Claude Tardif, M.D., and R. Scott Wright, M.D.,
for the dal-OUTCOMES Investigators™*

RESULTS
At the time of randomization, the mean HDL cholesterol level was 42 mg per deci-
liter (1.1 mmol per liter), and the mean low-density lipoprotein (LDL) cholesterol
level was 76 mg per deciliter (2.0 mmol per liter). Over the course of the trial, HDL
cholesterol levels increased from baseline by 4 to 11% in the placebo group and by
31 to 40% in the dalcetrapib group. Dalcetrapib had a minimal effect on LDL cho-
lestero! levels. Patients were followed for a median of 31 months. At a prespecified
interim analysis that included 1135 primary end-point events (71% of the projected
total number), the independent data and safety monitoring board recommended
termination of the trial for futility. As compared with placebo, dalcetrapib did not
alter the risk of the primary end point (cumulative event rate, 8.0% and 8.3%, re-
spectively; hazard ratio with dalcetrapib, 1.04; 95% confidence interval, 0.93 to
1.16; P=0.52) and did not have a significant effect on any component of the pri-
mary end point or total mortality. The median C-reactive protein level was 0.2 mg
per liter higher and the mean systolic blood pressure was 0.6 mm Hg higher with
dalcetrapib as compared with placebo (P<0.001 for both comparisons).



OPINION

HDL—is it too big to fail?

Dominic 5. Ng, Norman C. W. Wong and Robert A. Hegele

Abstract | The HDL hypothesis has suffered damage in the past few years. Clinical
trials have shown that raising HDL cholesterol levels does not improve cardiovascular
disease (CVD) outcomes. In addition, Mendelian randomization studies have shown
that DNA variants that alter HDL cholesterol levels in populations are unrelated to
Incident CVD events. Balancing this deluge of negative data are substantial basic
science data supporting the concept that raising HDL cholesterol levels reduces

CVD risk. Also, functionally relevant HDL subfractions might be more important
determinants of risk than overall HDL cholesterol levels. But, while wobbly, the

HDL hypothesis is still standing, seemingly too big to fail owing to past intellectual,
economic and psychological investments in the idea.

Ng, D. 5. et al. Nat. Rev. Endocrinol. 9, 308-312 (2013); published online 15 January 2013;
doi:10.1038/nrendo.2012.238




Limitations to Mendelian Randomisation

=
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Pleiotropy

N
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Population stratification

®

Canalisation

4- Power (also “weak instrument bias”)

5- The existence of instruments
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‘Mendelian randomization’: can genetic
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Fitting Mendelian Randomization
Models in R



Equivalence Between Directed Acyclic
Graphs and SEMs

Confounders
SNP > Exposure > Qutcome
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