Supplementary materials
Supplementary methods
Smoking initiation 
The smoking initiation phenotype was measured in several different ways, and included questions about whether the participant had smoked over 100 cigarettes in their life, whether they had smoked every day for at least one month and whether they smoked regularly. The binary variable for ever smoking was constructed based on these variables.
Drinks per week
This measure for the average number of alcoholic drinks consumed per week did not distinguish between types of alcohol and for any study that used a range in their questions the midpoint was used. Participants were asked questions relating to the number of alcoholic drinks consumed in the past week and on average per week in the past year. The resulting data was log transformed prior to the GWAS.
Cannabis use
For the International Cannabis Consortium (ICC) study, the data relating to cannabis use were obtained from self-report questionnaires and recoded as ever versus never for cannabis use in their lifetime. Similarly, UK Biobank participants were asked whether they had used cannabis in an online follow-up study.


Mendelian Randomisation
Mendelian Randomisation (MR) is a causal inference method which uses genetic variants as instrumental variables (IVs) for an exposure of interest to estimate the causal relationship with an outcome of interest. For MR to be valid, several assumptions must be met; that the IV and the exposure are associated, the IV is only associated with the outcome via the exposure and that the IV is not associated with potential confounders of the exposure-outcome association.
In our two-sample MR analyses, the SNPs we used as genetic instruments were clumped to ensure independence for linkage disequilibrium (LD) using an r2 of 0.001 and a window of 10000 kb. The GWAS summary statistics for these SNPs were harmonised so that the effect of the SNPs were relative to the same allele.
I-squared values
A value of 0.9 or above would indicate that there is minimal bias in the MR-Egger estimate. For values between 0.6 and 0.9 we have run simulation extrapolation (SIMEX) corrections and present these in place of the MR-Egger results. Specifically, we present these for the I-squared with the highest value out of the weighted and unweighted I-squared. SIMEX allows for the calculation of bias-adjusted point estimates for MR-Egger. However, for any values below 0.6 (where this bias is too large) it is not appropriate to run the SIMEX correction. We have indicated where this is the case, as these MR Egger results cannot be interpreted with confidence.



Table S1. Mean F-statistic, weighted and unweighted I-squared results for all of the MR analyses.
	Exposure
	Outcome
	Mean F-statistic
	Unweighted I-squared
	Weighted I-squared

	Smoking initiation
	Drinks per week
	32.75
	0.33
	0.14

	Smoking initiation
	Cannabis use
	47.64
	0.82
	0.95

	Smoking initiation
	Cannabis dependence
	51.03
	0.7
	0.65

	Smoking initiation
	Cocaine dependence
	49.28
	0.67
	0.62

	Smoking initiation
	Opioid dependence
	49.75
	0.67
	0.61

	Drinks per week
	Smoking initiation
	81.74
	0.97
	0.98

	Cannabis use
	Smoking initiation
	40.76
	0.09
	0

	Cannabis dependence
	Smoking initiation
	22.7
	0.45
	0

	Cocaine dependence
	Smoking initiation
	22.50
	0.72
	0.57

	Opioid dependence
	Smoking initiation
	23.04
	0
	0

	Drinks per week
	Cannabis use
	84.42
	0.97
	0.98

	Drinks per week
	Cannabis dependence
	43.07
	0.73
	0.52

	Drinks per week
	Cocaine dependence
	69.71
	0.96
	0.95

	Drinks per week
	Opioid dependence
	72.5
	0.97
	0.96

	Cannabis use
	Drinks per week
	40.76
	0.09
	0

	Cannabis dependence
	Drinks per week
	22.7
	0.45
	0

	Cocaine dependence
	Drinks per week
	22.50
	0.72
	0.38

	Opioid dependence
	Drinks per week
	23.04
	0
	0


The F-statistic is indicative of instrument strength, where a value under 10 may indicate a weak instrument. The I squared indicates the amount of bias in the ‘NO Measurement Error’ assumption in the MR-Egger estimate; values above 0.9 indicate minimal bias, between 0.6 and 0.9 indicates some bias so we have run simulation extrapolation (SIMEX) corrections in place of MR-Egger where this is the case, and values under 0.6 indicate a larger bias where a SIMEX correction is also not appropriate.

Table S2. Two-sample Mendelian randomisation results with smoking initiation as the exposure 
	Outcome
	Method
	Number of SNPs
	OR or beta1 (95% CI)
	P-value
	Heterogeneity test p-value2
	Directional pleiotropy intercept (95% CI; p-value)

	Drinks per week
	IVW
	72
	0.06 
(0.03, 0.09)
	9.44x10-06
	7.39x10-15
	

	

	MR Eggera
	-
	-
	-
	-
	-

	

	Weighted median
	72
	0.07 
(0.05, 0.10)
	1.13x10-07
	
	

	

	Simple mode
	72
	0.09 
(0.02, 0.15)
	0.01
	
	

	

	Weighted mode
	72
	0.09 
(0.03, 0.14)
	0.002
	
	

	Cannabis use

	IVW
	144
	1.34 
(1.24, 1.44)
	1.95x10-14
	4.09x10-08
	

	

	MR Egger
	144
	1.16 
(0.97, 1.39)
	0.11
	9.25x10-08
	0.005 
(-0.0008, 0.01; 0.09)

	

	Weighted median
	144
	1.14 
(1.04, 1.26)
	0.005
	
	

	

	Simple mode
	144
	1.20 
(0.89, 1.60)
	0.22
	
	

	

	Weighted mode
	144
	1.09 
(0.96, 1.25)
	0.17
	
	

	Cannabis dependence
	IVW
	133
	1.68 
(1.12, 2.51)
	0.01
	0.56
	

	
	SIMEX adjusted MR Eggerb
	133
	6.72 
(0.95, 47.25)
	0.06
	
	-0.03 
(-0.07, 0.01; 0.20)

	

	Weighted median
	133
	1.59 
(0.88, 2.88)
	0.13
	
	

	

	Simple mode
	133
	0.79 
(0.16, 3.92)
	0.77
	
	

	

	Weighted mode
	133
	0.94 
(0.22, 4.00)
	0.93
	
	

	Cocaine dependence
	IVW
	190
	1.21 
(0.58, 2.53)
	0.60
	0.39
	

	

	SIMEX adjusted MR Eggerb
	190
	28.61 
(1.17, 699.55)
	0.04
	
	-0.06 
(-0.13, 0.008; 0.08)

	

	Weighted median
	190
	0.89 
(0.29, 2.73)
	0.84
	
	

	

	Simple mode
	190
	0.33 
(0.01, 10.90)
	0.54
	
	

	

	Weighted mode
	190
	0.48 
(0.02, 10.22)
	0.64
	
	

	Opioid dependence
	IVW
	155
	1.41 
(0.62, 3.20)
	0.41
	0.21
	

	

	SIMEX adjusted MR Eggerb
	155
	16.72 
(0.32, 886.86)
	0.17
	
	-0.05
(-0.13, 0.03; 0.24)

	

	Weighted median
	155
	1.89 
(0.57, 6.21)
	0.30
	
	

	

	Simple mode
	155
	0.87 
(0.03, 25.19)
	0.94
	
	

	

	Weighted mode
	155
	2.93 
(0.23, 36.82)
	0.41
	
	


1Beta for drinks per week, OR (odds ratio) for all other outcomes. 2For IVW this is Cochran’s test of heterogeneity and for MR-Egger this is Rucker’s Q-test. This is not presented where a SIMEX correction is reported. aNO Measurement Error (NOME) assumption violated for MR-Egger and value below 0.6 so results are not presented. bI-squared value between 0.6 and 0.9 so SIMEX correction is presented instead of MR-Egger.

Table S3. Two-sample Mendelian randomisation results with smoking initiation as the outcome 
	Exposure
	Method
	Number of SNPs
	OR (95% CI)
	P-value
	Heterogeneity test p-value1
	Directional pleiotropy intercept (95% CI; p-value)

	Drinks per week
	IVW
	22
	1.26 (0.92, 1.72)
	0.15
	2.09x10-13
	

	
	MR Egger
	22
	1.07 (0.60, 1.93)
	0.82
	2.17x10-13
	0.002 (-1.03, 1.04; 0.53)

	
	Weighted median
	22
	0.98 (0.79, 1.23)
	0.88
	
	

	
	Simple mode
	22
	0.84 (0.57, 1.24)
	0.35
	
	

	
	Weighted mode
	22
	0.95 (0.77, 1.17)
	0.60
	
	

	Cannabis use
	IVW
	4
	1.39 (1.08, 1.80)
	0.01
	2.56x10-10
	

	
	MR Eggera
	-
	-
	-
	-
	-

	
	Weighted median
	4
	1.21 (1.08, 1.35)
	8.13x10-04
	
	

	
	Simple mode
	4
	1.17 (1.03, 1.32)
	0.07
	
	

	
	Weighted mode
	4
	1.18 (1.05, 1.32)
	0.07
	
	

	Cannabis dependence
	IVW
	9
	1.00 (0.99, 1.01)
	0.60
	0.04
	

	
	MR Eggera
	-
	-
	-
	-
	-

	
	Weighted median
	9
	1.00 (0.99, 1.01)
	0.86
	
	

	
	Simple mode
	9
	1.00 (0.99, 1.01)
	0.68
	
	

	
	Weighted mode
	9
	1.00 (0.99, 1.01)
	0.69
	
	

	Cocaine dependence
	IVW
	27
	1.00 (1.00, 1.00)
	0.42
	0.42
	

	
	SIMEX adjusted MR Eggerb
	27
	1.00 (1.00, 1.00)
	0.76
	
	0.0005 (-0.004, 0.005; 0.82)

	
	Weighted median
	27
	1.00 (1.00, 1.00)
	0.29
	
	

	
	Simple mode
	27
	1.00 (1.00, 1.00)
	0.48
	
	

	
	Weighted mode
	27
	1.00 (1.00, 1.00)
	0.49
	
	

	Opioid dependence
	IVW
	7
	1.00 (0.99, 1.01)
	0.80
	0.0005
	

	
	MR Eggera
	-
	-
	-
	-
	-

	
	Weighted median
	7
	1.00 (0.99, 1.00)
	0.20
	
	

	
	Simple mode
	7
	1.01 (0.99, 1.02)
	0.38
	
	

	
	Weighted mode
	7
	1.00 (0.99, 1.00)
	0.28
	
	


1For IVW this is Cochran’s test of heterogeneity and for MR-Egger this is Rucker’s Q-test. This is not presented where a SIMEX correction is reported. aNO Measurement Error (NOME) assumption violated for MR-Egger and value below 0.6 so results are not presented. bI-squared value between 0.6 and 0.9 so SIMEX correction is presented instead of MR-Egger.

Table S4. Two-sample Mendelian randomisation results with drinks per week as the exposure 
	Outcome
	Method
	Number of SNPs
	OR (95% CI)
	P-value
	Heterogeneity test p-value1
	Directional pleiotropy intercept (95% CI; p-value)

	Cannabis use
	IVW
	20
	0.55 (0.16, 1.93)
	0.35
	3.40x10-06
	

	
	MR Egger
	20
	0.08 (0.01 0.48)
	0.01
	7.94x10-04
	0.02 (0.005, 0.03; 0.01)

	
	Weighted median
	20
	0.24 (0.09, 0.64)
	0.004
	
	

	
	Simple mode
	20
	0.45 (0.03, 5.96)
	0.55
	
	

	
	Weighted mode
	20
	0.18 (0.07, 0.47)
	0.002
	
	

	Cannabis dependence
	IVW
	41
	2.73 (0.62, 11.95)
	0.18
	0.26
	

	
	SIMEX adjusted MR Eggerb
	41
	12.46 (0.14, 1088.49)
	0.27
	
	-0.02 (-0.07, 0.03; 0.50)

	
	Weighted median
	41
	3.96 (0.52, 30.38)
	0.19
	
	

	
	Simple mode
	41
	2.70 (0.05, 134.58)
	0.62
	
	

	
	Weighted mode
	41
	3.44 (0.19, 61.45)
	0.41
	
	

	Cocaine dependence
	IVW
	68
	0.50 (0.09, 2.79)
	0.43
	0.15
	

	
	MR Egger
	68
	0.62 (0.05, 8.25)
	0.72
	0.13
	-0.005 (-0.05, 0.04; 0.82)

	
	Weighted median
	68
	0.52 (0.05, 5.04)
	0.57
	
	

	
	Simple mode
	68
	105.78 (0.03, 3.68x1005)
	0.27
	
	

	
	Weighted mode
	68
	0.53 (0.05, 5.37)
	0.59
	
	

	Opioid dependence
	IVW
	47
	0.38 (0.06, 2.41)
	0.30
	0.74
	

	
	MR Egger
	47
	0.11 (0.007, 1.48)
	0.10
	0.77
	0.03 (-0.01, 0.07; 0.19)

	
	Weighted median
	47
	0.12 (0.01, 1.24)
	0.07
	
	

	
	Simple mode
	47
	0.15 (0.0001, 171.96)
	0.60
	
	

	
	Weighted mode
	47
	0.10 (0.009, 1.22)
	0.08
	
	


1For IVW this is Cochran’s test of heterogeneity and for MR-Egger this is Rucker’s Q-test. This is not presented where a SIMEX correction is reported. aNO Measurement Error (NOME) assumption violated for MR-Egger and value below 0.6 so results are not presented. bI-squared value between 0.6 and 0.9 so SIMEX correction is presented instead of MR-Egger.

Table S5. Two-sample Mendelian randomisation results with drinks per week as the outcome 
	Exposure
	Method
	Number of SNPs
	Beta (95% CI)
	P-value
	Heterogeneity test p-value1
	Directional pleiotropy intercept (95% CI; p-value)

	Cannabis use
	IVW
	4
	0.03 (-0.009, 0.07)
	0.14
	2.43 x10-06
	

	
	MR Eggera
	-
	-
	-
	-
	-

	
	Weighted median
	4
	0.03 (0.008, 0.05)
	0.006
	
	

	
	Simple mode
	4
	0.03 (0.001, 0.06)
	0.14
	
	

	
	Weighted mode
	4
	0.03 (0.005, 0.06)
	0.11
	
	

	Cannabis dependence
	IVW
	9
	-0.0003 (-0.003, 0.002)
	0.80
	0.22
	

	
	MR Eggera
	-
	-
	-
	-
	-

	
	Weighted median
	9
	-0.001 (-0.004, 0.002)
	0.37
	
	

	
	Simple mode
	9
	-0.002 (-0.006, 0.003)
	0.43
	
	

	
	Weighted mode
	9
	-0.002 (-0.007, 0.003)
	0.44
	
	

	Cocaine dependence
	IVW
	27
	0.0007 (-0.00007, 0.001)
	0.08
	0.11
	

	
	SIMEX adjusted MR Eggerb
	27
	-0.0001 (-0.002, 0.002)
	0.92
	
	0.0009 (-0.001, 0.003; 0.46)

	
	Weighted median
	27
	0.0005 (-0.0004, 0.001)
	0.29
	
	

	
	Simple mode
	27
	0.0009 (-0.0005, 0.001)
	0.36
	
	

	
	Weighted mode
	27
	0.0007 (-0.001, 0.003)
	0.39
	
	

	Opioid dependence
	IVW
	7
	0.002 (0.0005, 0.003)
	8.61x10-03
	0.33
	

	
	MR Eggera
	-
	-
	-
	-
	-

	
	Weighted median
	7
	0.002 (-0.0002, 0.004)
	0.08
	
	

	
	Simple mode
	7
	0.002 (-0.0008, 0.006)
	0.20
	
	

	
	Weighted mode
	7
	0.003 (-0.0005, 0.006)
	0.14
	
	


1For IVW this is Cochran’s test of heterogeneity and for MR-Egger this is Rucker’s Q-test. This is not presented where a SIMEX correction is reported. aNO Measurement Error (NOME) assumption violated for MR-Egger and value below 0.6 so results are not presented. bI-squared value between 0.6 and 0.9 so SIMEX correction is presented instead of MR-Egger.

Figure S1. Mendelian randomisation results with smoking initiation as the exposure and drinks per week as the outcome.
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Figure S2. Forest plot of single SNP analysis using the Wald ratio with smoking initiation as the exposure and drinks per week as the outcome.
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Figure S3. Funnel plot of individual Wald ratios for each SNP against their precision with smoking initiation as the exposure and drinks per week as the outcome.
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Figure S4. Leave-one-out analysis plot with smoking initiation as the exposure and drinks per week as the outcome.
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Figure S5. Mendelian randomisation results with smoking initiation as the exposure and cannabis use as the outcome.
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Figure S6. Forest plot of single SNP analysis using the Wald ratio with smoking initiation as the exposure and cannabis use as the outcome.
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Figure S7. Funnel plot of individual Wald ratios for each SNP against their precision with smoking initiation as the exposure and cannabis use as the outcome.
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Figure S8. Leave-one-out analysis plot with smoking initiation as the exposure and cannabis use as the outcome.
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Figure S9. Mendelian randomisation results with smoking initiation as the exposure and cannabis dependence as the outcome.
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Figure S10. Forest plot of single SNP analysis using the Wald ratio with smoking initiation as the exposure and cannabis dependence as the outcome.
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Figure S11. Funnel plot of individual Wald ratios for each SNP against their precision with smoking initiation as the exposure and cannabis dependence as the outcome.
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Figure S12. Leave-one-out analysis plot with smoking initiation as the exposure and cannabis dependence as the outcome.
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Figure S13. Mendelian randomisation results with cannabis use as the exposure and smoking initiation as the outcome.
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Figure S14. Funnel plot of individual Wald ratios for each SNP against their precision with cannabis use as the exposure and smoking initiation as the outcome.
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Figure S15. Forest plot of single SNP analysis using the Wald ratio with cannabis use as the exposure and smoking initiation as the outcome.
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Figure S16. Leave-one-out analysis plot with cannabis use as the exposure and smoking initiation as the outcome.
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Figure S17. Mendelian randomisation results with opioid dependence as the exposure and drinks per week as the outcome.
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Figure S18. Forest plot of single SNP analysis using the Wald ratio with opioid dependence as the exposure and drinks per week as the outcome.
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Figure S19. Funnel plot of individual Wald ratios for each SNP against their precision with opioid dependence as the exposure and drinks per week as the outcome.
[image: Chart, scatter chart

Description automatically generated]


Figure S20. Leave-one-out analysis plot with opioid dependence as the exposure and drinks per week as the outcome.
[image: Chart, line chart

Description automatically generated]

image7.png
10-

1/SEw

MR Method

Inverse variance weighted

MR Egger





image8.png
0.1

0.2

———
0.3

MR leave-one-out sensitivity analysis for
‘exposure' on 'outcome’

0.4




image9.png
SNP effect on outcome

MR Test
Inverse variance weighted / Weighted median
/ MR Egger Weighted mode

Simple mode

0.2-

0.01 0.02 0.03 0.04 0.05
SNP effect on exposure




image10.png




image11.png
1/SEw

09-

0.8-

0.7~

0.5-

0.4-

03-

.
. ®e
. . =
.
®e
. . .
.
O :o.
5

MR Method

Inverse variance weighted

MR Egger
.
.
.
0
.
.
«
S o
° -
.
.
0
° o Se
.
O 8 ® oo
. ® | o
s e
o . 1.
L
o * °
° o |®
0




image12.png
Al

0.25

—
0.50
MR leave-one-out sensitivity analysis for
‘exposure' on ‘outcome’

0.75

1.00




image13.png
MR Test
Inverse variance weighted / Weighted median
/ MR Egger / Weighted mode

/ Simple mode

.

0.04-
2 0.03-
£
o
2
=3
o
o
o
©
2
© 0.02-
o
z
»

0.01-

.
0.00-
0.05 0.06 0.07 0.08

SNP effect on exposure




image14.png
1/SEn

17-

16-

15~

14-

0.2

MR Method
Inverse variance weighted

MR Egger

04
Biv

0.6




image15.png
rs9919557 -

rs1368740 -

117761723

rs4099556 -

All - MR Egger

All - Inverse variance weighted -

i
0
MR effect size for
‘exposure’ on ‘outcome’





image16.png
rs4099556 -

rs17761723 -

rs1368740

rs9919557 -

All -

0.0

0.2 0.4
MR leave-one-out sensitivity analysis for
‘exposure' on ‘outcome’

0.6




image17.png
SNP effect on outcome

MR Test
Inverse variance weighted / Weighted median
/ MR Egger / Weighted mode

/ Simple mode

0.003 -
0.002 -
0.001 -
0.000 -

—-0.001 -

03 04 05 0.6
SNP effect on exposure




image18.png
159913974 - S W G S

15576014 —————
156419156 - B S —
1$4302768 - —_—
1511595928 - —_—
154616275 - —_— e
rs7162460 - —_——
All - MR Egger - - -
All - Inverse variance weighted ! ——
. i ' ' .
-0.005 0.000 0.005 0.010 0.015
MR effect size for

‘exposure’ on ‘outcome’




image19.png
700-

600 -

1/SEn

500 -

0.000

MR Method

Inverse variance weighted

MR Egger

0.002

Biv

0.004

0.006




image20.png
7162460

rs11595928 -

rs4616275 -

rs4302768

rs6419156 -

rs576014 -

rs9913974

All -

i
0.000

0.001 0.002 0.003

MR leave-one-out sensitivity analysis for
‘exposure' on ‘outcome’

0.004




image1.png
SNP effect on outcome

0.0050 -

—-0.0025 -

0.01

MR Test
Inverse variance weighted / Weighted median
/ MR Egger Weighted mode

Simple mode

0.02
SNP effect on exposure

0.03




image2.png
OO — IO

O SOOI OO IS I
O DO P DBEOABIDOI~

OISO DD
RN S DO DO BBUBDIOD T O

ORGSO BNCIBOBO I B

i . .
0.00 0.25 0.50
MR effect size for
‘exposure’ on ‘outcome’

-0.25

-0.50

b

All - Inverse variance weig

AR BRINNDE Ao B OB o S BB TN = AT NBO N O DA BB LU
B Rl e A R i 2 S R N B Y N S B RN S B BN SF R BLIARITR
o S e Y R S S ARt A RN S b ) S A S e A T e T e oo
PO DI BOO =D —r DD I DD D= D= DD D= DBIS DO DD D = Sr e IS D OO =S O OB= S0 n =
BE L REGERE § Guelipyuu ey by baREy s Ry aere Loy Sy r i B R S bty Ty £E 2

=




image3.png
25-

1/SEn

20-

15-

10-

MR Method

Inverse variance weighted

MR Egger
.
.
.
.
° 1]
.
.
.
. .
& .
. .
. . o N . o
. oe
. . .
.
.
°, * o
4 o
.
) O:O

Biv

0.2




image4.png
QOO VDDA MHOONONN NN DD DI DT OODDNDA T I NI — QDS DDODUIDNONDONNN =
O O o A N OO BB oA DO BB BlalE S SN BET I SO CBOma BDUODBD <
B O 3 B0 D S O D AP P N L BB 03 EIDBI L DD INDI I DO BN IDB AN G SIS
DO DSBS NPDDDDBRT N PO DD DI T D AT = DN FOLODD 10 AN NID= Do DO VDL S
B A B R O T I NS BONB A ar AP SOhOOH LR T ORI RN~ GoRE T SO SRISRS

B SO BT B e0 S NB NGRS ORI SIS iy SOOI OAONDTS
A PN Ol e e S0 PPN OB POBNY Dol OIS~ DEIBT 1~ DN F T HONNT D B T P BON
B P 0 N e e P 1 o L5 e oD e 5 (0 1S B DR D ) 0 P B e Proe O P BB T 0 e B P
A luriandduraldannna alanddddulaeu g dindydiandian s Al G A duAudadd

0.075

0.025

exposure’ on ‘outcome’

MR leave—-one—-out sensi




image5.png
SNP effect on outcome

0.10-

0.05-

-0.05-

0.05

MR Test
Inverse variance weighted / Weighted median
/ MR Egger Weighted mode

Simple mode

0.0 015
SNP effect on exposure

0.20

0.25




image6.png
;

!

F

P

i

4354 ————
Al - Inverse varfthcd i : b

25 0.0
MR effect size for

‘exposure’ on ‘outcome’




