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Using Mendelian randomization to explore the gateway
hypothesis: possible causal effects of smoking initiation and
alcohol consumption on substance use outcomes
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Mendelian Randomization

Mendelian randomization Randomized controlled trial
\ \
Random segregation of alleles Randomization method
\'’4 A4 \'’4 \'’4
Exposed: one allele Control: other allele : Exposeg. .Control. no
intervention intervention
Confounders equal Confounders equal
between groups between groups
\'’4 \4 \\4 \ 4
Outcomes compared between groups Outcomes compared between groups
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Smoking MR

Mendelian randomization
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Random segregation of alleles
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Confounders equal between
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Outcomes compared between groups

1 1 Integrati
% University of ntegrative

Epldemlology

k] BRISTOL MRC | oni

IE




Smoking MR and Disease

Change in birth

Study weight Z—score per
ID T-allele (95% CI)
EVER SMOKERS i :
Smoking pregnancies
. ALSPAC -0.06 (-0.13, 0.00)
CHRENAZ genotvpe (rs1051730) HE (95% CI) e Z0.08 (021, 0,04)
Non-carrier (b alleles) 1 (reference) DNBC-GOYA -0.05 (-0.16, 0.07)
DNBC-PTB -0.05 (-0.22, 0.12)
Heterozygous (1 allele) —— 109 {1.01, 1.18) EFSOCH -0.04 (-0.26, 0.18)
- ( Generation R —0.05 (-0.14, 0.04)
—— | o0, HAPO —-0.04 (-0.16, 0.08)
H ygoas (2 allcles) 1.14 (100, 1.30) MIDSPAN —-0.01 (-0.15, 0.14)
Mo-Ba -0.15 (-0.45, 0.16)
NCCGP -0.02 (-0.20, 0.16)
NFBC1966 —-0.00 (-0.16, 0.15)
Per-allele | | 108 {1.02, 1.14) Raine 0.01 (-0.11, 0.12)
1958BC_T1DGC 0.03 (-0.14, 0.19)
! ! ! ! ! ! 1958BC_WTCCC2 —-0.04 (-0.18, 0.10)
NEVER SMOKERS Subtotal -0.04 (-0.08, -0.01)
CHRNA3Z genotvpe (rs1051730) HR (95% CI) Non-smoking pregnancies
i l ] ALSPAC 0.01 (—-0.03, 0.05)
MNon-carrier ([ alleles) 1 {reference) BWHHS 0.03 (-0.03, 0.09)
DNBC-GOYA —-0.01 (-0.08, 0.07)
Heternzygous (1 allele) —————_g—— 093 (0ED, 1.07) DNBC-PTB 0.06 (-0.05, 0.16)
EFSOCH -0.03 (-0.13, 0.08)
Homozygous (2 alleles) | L { 1003 {0.79, 1.25) Generation R 0.06 (0.01, 0.11)
HAPO —-0.01 (-0.06, 0.04)
MIDSPAN -0.05 (-0.16, 0.07)
Mo-Ba 0.10 (—-0.01, 0.22)
Per-allele F—er— 0.97 (0.8, 1.08) L o e
NFBC1966 —-0.03 (-0.09, 0.04)
. ] ] ] ] . Raine -0.02 (-0.10, 0.06)
1958BC_T1DGC 0.09 (-0.02, 0.20)
o %8 Ay 16 L1 L2 1 1958BC_WTCCC2 0.05 (-0.06, 0.17)
Hazard ratio for all-canse mortality Subtotal 0.01 (-0.01, 0.03)
{95 % confidence interval)y
T T

Rode et al. (2014). Int J Epidemiol, 43, 1473-1483; Tyrrell et al. (2012). Hum Mol Genet, 21, 5344-5358.
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G = E: What GWAS Can Tell Us about the

Environment
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Lung cancer
(e.g., Spitz, 2008)

COPD/emphysema
(e.g., Pillai, 2009)

Peripheral arterial disease
(e.g., Thorgeirsson, 2008)

Gage et al. (2016). PLOS Genet, 12, e1005765.
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Mendelian Randomization

Potential
confounders

7 O\

Smoking I Illicit substance
initiation/ use outcomes
alcohol

Genetic instrument

for smoking —
initiation/alcohol

FIGURE 1 Bidirectional two-sample Mendelian randomization between smoking initiation/alcohol consumption and illicit substance use
outcomes. A directed acyclic graph (DAG) for the causal effect between smoking initiation/alcohol consumption and illicit substance use
outcomes. Evidence of a causal effect in the other direction may indicate a bidirectional effect or a common underlying risk factor
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Data Sets

- Smoking initiation

- Drinks per week

- Cannabis use

- Cannabis dependence
- Cocaine dependence

- Opioid dependence

Liu et al. (2019)

Liu et al. (2019)
Pasman et al. (2018)
Agrawal et al. (2017)
Gelernter et al. (2014)

Gelernter et al. (2014)
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Smoking Initiation

Exposure
Smoking Initiation

Exposure

Smoking Initiation
Smoking Initiation
Smoking Initiation

Smoking Initiation

Outcome
Drinks per week

Outcome

Cannabis use
Cannabis dependence
Cocaine dependence

Opioid dependence

N SNPs
72

N SNPs
144

133
190
155

Beta (95% Cl)
0.06 (0.03 to 0.09)

OR (95% Cl)
1.34 (1.24 to 1.44)
1.68 (1.12 to 2.51)
1.21 (0.58 to 2.53)
1.41 (0.62 to 3.20)

P value
9.44 x 10-06

P value
1.95x10-14
0.01

0.60

0.41
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Smoking Initiation

Exposure Outcome N SNPs OR (95% CI) P value

Drinks per week Smoking Initiation 22 1.26 (0.92t0 1.72) 0.15 o

Cannabis use Smoking Initiation 4 1.39 (1.08 to 1.80) 0.01 .
Cannabis dependence Smoking Initiation 9 1.00 (0.99 to 1.01 0.60 |

Cocaine dependence Smoking Initiation 27 1.00 (1.00 to 1.00) 0.42 u

Opioid dependence Smoking Initiation 7 1.00 (0.99 to 1.01) 0.80 s
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Alcohol Consumption

Exposure Outcome N SNPs OR (95% CI) P value
Drinks per week Cannabis use 20 0.55 (0.16 to 1.93) 0.35 -
Drinks per week Cannabis dependence 41 2.73 (0.62 to 11.95) 0.18 —=
Drinks per week Cocaine dependence 68 0.50 (0.09 to 2.79) 0.43 -
Drinks per week Opioid dependence 47 0.38 (0.06 to 2.41) 0.30 —
0123456785101
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Cannabis Use

Exposure Outcome N SNPs Beta (95% CI) P value

Cannabis use Drinks per week 22 0.03 (-0.009 to 0.07) 0.14 o
Cannabis dependence Drinks per week 4 -0.0003 (-0.003 to 0.002) 0.80 =

Cocaine dependence Drinks per week 9 0.0007 (-0.0007 to 0.001) 0.08 o

Opioid dependence Drinks per week 27 0.002 (0.0005 to 0.002) 8.61 x10-03 o
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Limitations

- Low statistical power for some phenotypes
- Less stringent p-value threshold for some phenotypes
- Evidence of horizontal pleiotropy

- What are “smoking initiation” SNPs capturing?
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Future Directions

Smoking as “independent” risk factor for suicide:
illustration of an artifact from observational
epidemiology?

GEORGE DAVEY SMITH ANDREW N. PHILLIPS JAMES D. NEATON

It may be argued that smoking 1s a plausible causal factor

for suicide. The risk of being murdered has therefore also “Unless the provisional wing of
been analysed according to smoking status. As there are only the health education lobby has
222 deaths due to homicide, smoking has been classified into moved on to a direct action

three groups—no cigarettes, 1-39, and 40 + . The relative phase, during which they shoot

rates (and 95% CI) of being murdered, adjusted for income smokers, this association is very
ce which are both associated withrrisk of murder, are: unlikel t’o be causal’
1-00, 1-71 (1-29-2-28), and 2-04 (1-32-3-15), réspectively. y :
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-
Shared genetic liability

RESEARCH ARTICLE

Association of genetic liability to smoking
initiation with e-cigarette use in young adults:
A cohort study

Jasmine N. Khouja'2%*, Robyn E. Wootton "2, Amy E. Taylor®>*, George Davey
Smith® "2, Marcus R. Munafo 4

Outcome n OR 95% CI p
p-value threshold
Ever e-cigarette use by age 24 2,894

5%x107° 1.24 |1.14,1.34 <0.001
0.0005 1.27 | 1.17,1.38 <0.001
0.005 1.36 | 1.26,1.48 <0.001
0.05 1.39 | 1.28,1.51 <0.001
0.5 1.39 | 1.28,1.51 <0.001
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Shared genetic liability
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-
Shared genetic liability

Outcome n OR 95% CI P
p-value threshold
11 or more sexual partners by age 23* 2,505
5x10°° 1.15 1.05,1.26 0.003
0.0005 1.12 1.02,1.23 0.019
0.005 1.18 1.08,1.29 <0.001
0.05 1.25 1.14,1.37 <0.001
0.5 1.30 1.19,1.43 <0.001
Been in trouble with the law since 23rd birthday 2,928
5%10°° 1.00 0.79,1.28 0.988
0.0005 1.12 0.88,1.43 0.352
0.005 1.11 0.87,1.41 0.407
0.05 1.04 0.82,1.33 0.745
0.5 0.90 0.71,1.15 0.394
Enjoys taking risks at age 24 2,932
5x%107° 1.06 0.98,1.14 0.154
0.0005 1.05 0.98,1.14 0.163
0.005 1.11 1.03, 1.19 0.005
0.05 1.09 1.01,1.17 0.029
0.5 1.08 1.01, 1.16 0.033
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-
Shared genetic liability

Outcome n OR 95% CI P
p-value threshold
Hyperactivity at age 7 5,227
5x107® 1.02 0.96, 1.08 0.511
0.0005 1.10 1.04, 1.16 0.001
0.005 1.14 1.08, 1.20 <0.001
0.05 1.14 1.08, 1.21 <0.001
0.5 1.15 1.08, 1.21 <0.001
Conduct disorder at age 7 5,334
5x107® 1.10 1.03, 1.17 0.004
0.0005 1.11 1.04, 1.19 0.001
0.005 1.11 1.04,1.18 0.002
0.05 1.08 1.01, 1.15 0.021
0.5 1.08 1.01, 1.15 0.017
Oppositional defiant disorder at age 7 5,325
5x107® 1.02 0.96, 1.08 0.496
0.0005 1.08 1.02, 1.14 0.013
0.005 1.04 0.98, 1.10 0.200
0.05 1.04 0.98,1.10 0.173
0.5 1.02 0.96, 1.08 0.529
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Conclusions

- Mendelian randomization is an increasingly popular and
effective tool for causal inference

- Our results suggest that smoking may play a causal role
In subsequent cannabis use, and potentially dependence

- Potential pleiotropic effects of “smoking initiation” SNPs
suggest a need for triangulation of evidence
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