& University
X nya Of
O

i

":ﬂ"iin::_@..:i_'éff Sheffield.

This is a repository copy of Causal relationships between body mass index, smoking, and
lung cancer: univariable and multivariable mendelian randomization. .

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/165485/

Version: Supplemental Material

Article:

Zhou, W., Liu, G., Hung, R.J. et al. (29 more authors) (2021) Causal relationships between
body mass index, smoking, and lung cancer: univariable and multivariable mendelian
randomization. International Journal of Cancer, 148 (5). pp. 1077-1086. ISSN 0020-7136

https://doi.org/10.1002/ijc.33292

This is the peer reviewed version of the following article: Zhou, W., Liu, G., Hung, R.J.,
Haycock, P.C., Aldrich, M.C., Andrew, A.S., Arnold, S.M., Bickebdller, H., Bojesen, S.E.,
Brennan, P., Brunnstrom, H., Melander, O., Caporaso, N.E., Landi, M.T., Chen, C.,
Goodman, G.E., Christiani, D.C., Cox, A., Field, J.K., Johansson, M., Kiemeney, L.A., Lam,
S., Lazarus, P, Le Marchand, L., Rennert, G., Risch, A., Schabath, M.B., Shete, S.S.,
Tarddn, A., Zienolddiny, S., Shen, H. and Amos, C.I. (2020), Causal Relationships between
Body Mass Index, Smoking, and Lung Cancer: Univariable and Multivariable Mendelian
Randomization. Int. J. Cancer., which has been published in final form at
https://doi.org/10.1002/ijc.33292. This article may be used for non-commercial purposes in
accordance with Wiley Terms and Conditions for Use of Self-Archived Versions.

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/




Causal Relationships between Body Mass Index,
Smoking, and Lung Cancer: Univariable and
Multivariable Mendelian Randomization

Wen Zhou, Geoffrey Liu, Rayjean J. Hung, Philip C. Haycock, Melinda C. Aldrich,
Angeline S. Andrew, Susanne M. Arnold, Heike Bickebdller, Stig E. Bojesen, Paul
Brennan, Hans Brunnstrom, Olle Melander, Neil E. Caporaso, Maria Teresa Landi, Chu
Chen, Gary E. Goodman, David C. Christiani, Angela Cox, John K. Field, Mikael
Johansson, Lambertus A. Kiemeney, Stephen Lam, Philip Lazarus, Loic Le Marchand,
Gad Rennert, Angela Risch, Matthew B. Schabath, Sanjay S. Shete, Adonina Tardén,
Shanbeh Zienolddiny, Hongbing Shen, Christopher |. Amos

Contents
Supplementary Table S1

Detailed information for instrumental variables of BMI, smoking status, age of
smoking initiation, smoking cessation, and cigarettes per day

Supplementary Table S2

F-statistic and R? for instrumental variables of BMI, smoking status, age of smoking
initiation, smoking cessation, and cigarettes per day

Supplementary Table S3

Causal relationships of BMI on lung cancer and histological subtypes estimated by
approach of MR-Weighted median, MR-Weighted mode, and MR-Egger

Supplementary Table S4

Causal relationships of smoking behaviors on lung cancer and histological subtypes
estimated by univariable MR

Supplementary Table S5

Causal relationships between BMI and Smoking phenotypes estimated by
bidirectional MR

Supplementary Table S6

Causal relationships of BMI on smoking phenotype adjusted for other smoking
phenotypes estimated by multivariable MR

Supplementary Table S7




Causal relationships of smoking phenotype on BMI and adjusted for collider effect of
lung cancer estimated by multivariable MR

Supplementary Table S8

Causal relationships of BMI on lung cancer and histological subtypes estimated by
univariable MR using different genome-wide significance threshold

Supplementary Table S9

Causal relationships of smoking behaviors on lung cancer and histological subtypes
estimated by univariable MR using different genome-wide significance threshold

Supplementary Table S10

Causal relationships of BMI and smoking phenotypes on lung cancer and histological
subtypes estimated by multivariable MR using different genome-wide significance
threshold

Supplementary Table S11

Cochran's Q test for heterogeneity among MR analyses

Supplementary Table S12

Causal relationship of SmkCes on lung cancer and histological subtypes with and
without outliers rs518425 and rs56113850

Supplementary Table S13

Causal relationships of BMI on lung cancer among ever-/never-smokers estimated by
univariable MR

Supplementary Table S14

Causal relationships of BMI and smoking phenotypes on lung cancer among ever-
/never-smokers estimated by multivariable MR

Supplementary Figure S1

Statistical power estimation based on the sample size of lung cancer GWAS (29,266
cases and 56,450 controls), with an alpha level of 0.05 and the proportion of variance
explained by genetic instruments for corresponding exposures.

Supplementary Fiqure S2

Odds ratios and 95% confidence intervals for the effect of BMI on lung cancer and
histological subtypes estimated by univariable MR using BMI-All SNPs, BMI&Smoking
SNPs, and BMI-Only.

Supplementary Fiqure S3




Odds ratios and 95% confidence intervals for the effect of smoking behaviors on lung
cancer and histological subtypes estimated by univariable MR.

Supplementary Figure S4

Odds ratios and 95% confidence intervals for the effect of BMI on smoking
phenotypes estimated by univariable MR using BMI-All SNPs, BMI&Smoking SNPs,
and BMI-Only.

Supplementary Figure S5

Odds ratios and 95% confidence intervals for the effect of smoking behaviors on BMI
estimated by univariable MR.

Supplementary Fiqure S6

Funnel plots to show symmetrical distribution of individual variant estimates around
the point estimate.

Supplementary Fiqure S7

Funnel plots to show symmetrical distribution of individual variant estimates around
the point estimate.

Supplementary Figure S8

Scatter plots for effect sizes of SNPs for BMI and those for lung cancer and
histological subtypes.

Supplementary Figure S9

Scatter plots for effect sizes of SNPs for smoking behaviors and those for lung
cancer and histological subtypes.

Supplementary Figure S10

Scatter plots for effect sizes of SNPs for smoking cessation and those for lung cancer
and histological subtypes with and without outliers.

Supplementary Figure S11

Causal relationships of BMI and smoking phenotypes on lung cancer estimated by
multivariable MR Egger.



Table S1. Detailed information for instrumental variables of BMI, smoking status, age of smoking initiation, smoking cessation, and cigarettes per day”
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0.288
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0.442
0.616
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0.450
0.725
0.205
0.734
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0.940
0.485
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0.405
0.877
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0.011
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0.012
0.011
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0.013
-0.011
0.021
0.011
0.010
-0.016
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0.013
0.016
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0.014
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-0.013
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0.014
0.017
0.016

0.003
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2.30E-12
1.00E-11
7.60E-10
1.40E-09
1.40E-09
4.50E-13
4.20E-10
1.10E-15
6.60E-09
2.80E-09
1.40E-18
5.60E-09
8.00E-09
4.80E-13
3.50E-21
2.10E-13
8.10E-17
8.70E-09
2.80E-12
2.70E-10
2.60E-09
5.90E-12
2.80E-15
6.90E-10
2.40E-11
5.10E-09
2.50E-13
1.30E-24
4.00E-10

686026
687917
690422
793122
786723
793655
691528
682054
678874
771669
689849
678491
690131
692568
684854
689591
674325
676674
795474
785493
775400
690974
690274
683843
692479
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691496
789356
795592
789485
793546
690566

BMI
BMI
BMI
BMI
BMI
BMI
BMI
BMI
BMI
BMI
BMI
BMI
BMI
BMI
BMI
BMI
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BMI
BMI
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BMI
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BMI
BMI
BMI
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BMI
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BMI-Only
BMI-Only
BMI-Only
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BMI-Only
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BMI&Smoking
BMI-Only

BMI&Smoking
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BMI-Only
BMI-Only
BMI-Only
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BMI-Only
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BMI-Only
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BMI-Only
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BMI&Smoking

BMI&Smoking
BMI-Only
BMI-Only

BMI&Smoking
BMI-Only
BMI-Only
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6.06E-05
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5.74E-05
4.62E-05
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5.46E-05
7.68E-05
5.23E-05
9.10E-05
4.76E-05
5.32E-05
1.08E-04
5.12E-05
4.96E-05
7.50E-05
1.38E-04
6.56E-05
8.51E-05
4.29E-05
7.43E-05
6.07E-05
4.92E-05
6.53E-05
8.58E-05
5.46E-05
5.52E-05
4.52E-05
6.88E-05
1.25E-04
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3 41310470 rs9814633 A G 0.343 0.012 0.002 2.10E-11 691120 BMI BMI&Smoking 6.65E-05 46
3 185834499 rs9816226 A T 0.180 -0.032 0.002 1.60E-52 778333 BMI BMI&Smoking 3.04E-04 237
3 107343299 rs9817583 A G 0.170 0.014 0.002 2.50E-09 690869 BMI BMI-Only 5.14E-05 35
3 84221774 rs9827823 T C 0.851 0.019 0.002 1.20E-15 691925 BMI BMI-Only 9.35E-05 65
3 13433158 rs9845966 T G 0.452 0.011 0.002 2.50E-10 778076 BMI BMI-Only 4.90E-05 38
3 125205106 rs9848399 A G 0.875 0.016 0.003 2.10E-10 692421 BMI BMI-Only 5.75E-05 40
6 50803050 rs987237 A G 0.820 -0.041 0.002 9.30E-84 795612 BMI BMI&Smoking 4.77E-04 379
17 4755424 rs9904177 A G 0.726 -0.012 0.002 2.30E-09 689596 BMI BMI-Only 4.96E-05 34
18 60739250 rs9951893 T C 0.525 -0.012 0.002 3.30E-11 682456 BMI BMI&Smoking 6.70E-05 46
1 97431052 rs995258 A C 0.578 0.014 0.002 4.50E-17 692419 BMI BMI&Smoking 1.04E-04 72
18 50441817 rs9964756 T G 0.103 -0.016 0.003 2.90E-09 691906 BMI BMI&Smoking 4.96E-05 34
19 19378671 rs998732 A G 0.842 0.017 0.002 2.00E-14 793852 BMI BMI-Only 7.61E-05 60
14 94006257 rs9989141 T C 0.639 0.016 0.002 3.60E-21 752768 BMI BMI&Smoking 1.21E-04 91
Instrumental variables of smoking status
1 8481016 rs301805 G T 0.559 0.021 0.004 2.80E-09 632802 Smkinit - 5.58E-05 35
1 44037685 rs3001723 A G 0.321 0.034 0.004 8.12E-18 632802 Smklnit - 1.17E-04 74
1 50625979 rs6669839 T C 0.204 0.026 0.004 3.36E-09 628384 Smkinit - 5.57E-05 35
1 66470206 rs2186122 T A 0.561 0.026 0.004 3.61E-13 632802 Smklnit - 8.34E-05 53
1 73766037 rs7555507 T C 0.496 -0.024 0.004 1.14E-11 632802 Smkinit - 7.28E-05 46
1 74999713 rs2344508 A G 0.546 -0.022 0.004 8.82E-10 632802 Smklnit - 5.94E-05 38
1 87905828 rs2050586 C G 0.355 -0.021 0.004 3.00E-08 632802 Smkinit - 4.85E-05 31
1 91196176 rs12042107 C T 0.527 -0.022 0.004 4.22E-10 632802 Smkinit - 6.16E-05 39
1 154206358  rs12027999 C T 0.124 -0.033 0.005 5.76E-10 632802 Smklnit - 6.07E-05 38
1 210304319 rs2046850 T C 0.187 -0.025 0.004 3.03E-08 632802 Smkinit - 4.85E-05 31
2 623976 rs6728726 C T 0.829 0.035 0.005 6.73E-14 632802 Smkinit - 8.86E-05 56
2 45154908 rs528301 A G 0.605 0.029 0.004 8.41E-16 632802 Smklnit - 1.02E-04 65
2 51341259 rs10490159 T C 0.388 0.022 0.004 2.59E-09 632802 Smkinit - 5.61E-05 35
2 58169418 rs2678897 A G 0.625 0.020 0.004 3.51E-08 632802 Smklnit - 4.80E-05 30
2 60024857 rs7585579 G C 0.505 0.022 0.004 1.88E-09 575705 Smkinit - 6.27E-05 36
2 60475008 rs359240 A G 0.615 0.020 0.004 2.37E-08 632802 Smkinit - 4.93E-05 31
2 104088751 rs266047 A G 0.529 -0.031 0.004 3.36E-16 575705 Smklnit - 1.16E-04 67
2 137542847  rs35702515 T G 0.162 0.025 0.004 2.43E-09 632802 Smkinit - 5.63E-05 36
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0.647
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0.174
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0.235
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0.856
0.244
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0.478
0.407
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0.682
0.154
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0.262
0.299
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3.56E-24
1.68E-11
1.25E-14
3.16E-08
3.27E-08
1.32E-08
2.17E-08
4.78E-10
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3.51E-09
1.91E-17
6.32E-09
2.79E-08
3.12E-11
4.08E-09
1.53E-09
7.20E-09
3.35E-08
9.59E-11
6.65E-12
3.25E-09
1.09e-14
2.64E-10
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3.00E-09
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4.84E-05
4.82E-05
5.10E-05
4.95E-05
6.13E-05
4.93E-05
5.51E-05
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5.36E-05
4.90E-05
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12 16748721 rs11057005 G A 0.430 -0.021 0.004 4.85E-09 632802 Smkinit 5.40E-05 34
12 56508409 rs4759228 C G 0.270 -0.022 0.004 3.58E-08 632802 Smkinit 4.80E-05 30
12 69655167 rs7969559 G A 0.688 -0.024 0.004 7.31E-10 632802 Smkinit 5.99E-05 38
12 121389500  rs1971318 T C 0.141 0.029 0.005 7.06E-09 632802 Smkinit 5.29E-05 33
13 38357471 rs3904512 A G 0.429 -0.021 0.004 3.23E-09 632802 Smklnit 5.53E-05 35
13 66947124 rs9540729 T A 0.501 -0.020 0.004 3.82E-08 632802 Smkinit 4.77E-05 30
13 100548329 rs7322872 T C 0.782 -0.026 0.004 3.58E-09 632802 Smklnit 5.50E-05 35
14 29500130 rs76214862 C A 0.202 -0.025 0.005 3.99E-08 630973 Smkinit 4.79E-05 30
15 47873773 rs8039513 G A 0.204 0.026 0.005 5.68E-09 632802 Smkinit 5.36E-05 34
15 47935843 rs1435741 A G 0.425 0.029 0.004 2.64E-16 632802 Smkinit 1.06E-04 67
15 83922387 rs12441907 A C 0.186 -0.029 0.005 1.06E-10 632802 Smkinit 6.59E-05 42
16 717085 rs7197072 T C 0.238 -0.025 0.004 2.77E-09 632802 Smkinit 5.58E-05 35
16 17575065 rs12923427 T C 0.204 -0.024 0.004 4.44E-08 632802 Smkinit 4.72E-05 30
16 65604652 rs4785836 C T 0.398 -0.020 0.004 2.26E-08 632802 Smklnit 4.95E-05 31
16 87443734 rs1050847 T C 0.505 -0.022 0.004 1.67E-09 632802 Smklnit 5.74E-05 36
17 2072949 rs11658881 G A 0.418 0.020 0.004 2.43E-08 632802 Smklnit 4.91E-05 31
17 7795972 rs11078713 G A 0.454 -0.020 0.004 2.23E-08 632802 Smkinit 4.95E-05 31
17 30657058 rs7224742 T C 0.595 -0.021 0.004 1.43E-08 632802 Smklnit 5.07E-05 32
18 42659922 rs11873164 T C 0.135 -0.028 0.005 1.31E-08 632802 Smkinit 5.10E-05 32
18 50026142 rs6508144 G C 0.563 -0.021 0.004 7.97E-09 632802 Smkinit 5.26E-05 33
18 50863861 rs62098013 A G 0.346 0.020 0.004 3.66E-08 632802 Smkinit 4.79E-05 30
18 72535282 rs11872397 A G 0.252 -0.025 0.004 1.43E-09 632802 Smkinit 5.78E-05 37
19 4474725 rs76608582 A C 0.039 -0.050 0.008 1.94E-09 632802 Smklnit 5.69E-05 36
20 25615202 rs1883526 C T 0.963 0.046 0.008 4.06E-08 626680 Smklnit 4.80E-05 30
20 31175258 rs1555445 T A 0.337 0.023 0.004 3.65E-09 626680 Smklnit 5.55E-05 35
20 54387374 rs56820925 T C 0.347 -0.022 0.004 1.73E-08 571412 Smkinit 5.56E-05 32
21 40555561  rs117143374 C T 0.120 0.029 0.005 2.76E-08 632802 Smkinit 4.88E-05 31
22 28781758 rs134529 C T 0.349 -0.020 0.004 4.85E-08 632802 Smkinit 4.71E-05 30
Instrumental variables of age of smoking initiation
2 63622470 rs7599208 T C 0.558 -0.020 0.003 1.71E-12 262990 AgeSmk 1.89E-04 50
2 225450161 rs3768886 C G 0.328 0.017 0.003 7.37E-09 262990 AgeSmk 1.27E-04 33
3 85699040 rs11915747 G C 0.354 0.021 0.003 3.83E-13 261206 AgeSmk 2.02E-04 53



4 2881256 rs624833 G T 0.309 0.017 0.003 8.61E-09 262990 AgeSmk 1.26E-04 33
8 27344719 rs11780471 A G 0.064 0.038 0.006 7.00E-11 262990 AgeSmk 1.62E-04 42
15 75360268  rs140485736 A G 0.013 0.065 0.012 1.41E-08 262990 AgeSmk 1.22E-04 32
17 31554533 rs319748 A G 0.711 -0.017 0.003 3.08E-08 262990 AgeSmk 1.17E-04 31
Instrumental variables of smoking cessation
8 42602668 rs60749569 T A 0.076 -0.053 0.009 1.95E-08 312821 SmkCes 1.01E-04 31
9 136467344 rs3025327 C G 0.094 0.085 0.008 1.96E-24 312821 SmkCes 3.32E-04 104
9 136503256 rs3025388 G A 0.165 -0.037 0.007 4.57E-08 312821 SmkCes 9.56E-05 30
11 16379226 rs7127006 A G 0.278 0.032 0.006 2.24E-08 312821 SmkCes 1.00E-04 31
15 76629609 rs3866543 G T 0.515 0.030 0.005 5.02E-09 312821 SmkCes 1.09E-04 34
15 78883813 rs518425 G A 0.307 -0.037 0.006 7.57E-11 312821 SmkCes 1.36E-04 42
19 41353107 rs56113850 C T 0.568 -0.055 0.005 2.52E-26 312821 SmkCes 3.61E-04 113
20 61984317 rs6011779 T C 0.786 -0.055 0.007 2.04E-16 303403 SmkCes 2.23E-04 68
20 62018289 rs6089904 T A 0.031 -0.078 0.012 6.53E-11 303403 SmkCes 1.41E-04 43
22 41854446 rs9607805 T C 0.694 0.034 0.006 2.97E-09 312821 SmkCes 1.13E-04 35
Instrumental variables of cigarettes per day
1 154548521 rs2072659 G C 0.105 -0.065 0.009 1.71E-12 262014 CigDay 1.90E-04 50
3 16872929 rs2084533 T C 0.319 0.034 0.006 1.22E-08 263954 Cigbay 1.23E-04 32
3 48935583 rs7431710 A G 0.644 -0.035 0.006 1.82E-09 262173 CigDay 1.38E-04 36
4 67053769 rs11725618 C T 0.287 0.036 0.006 4.67E-09 263954 CigDay 1.30E-04 34
4 67891641 rs13141210 T C 0.480 -0.031 0.006 2.77E-08 263954 CigDay 1.17E-04 31
6 26214473 rs806798 C T 0.543 -0.031 0.006 2.48E-08 262173 CigDay 1.19€E-04 31
7 32333642 rs215600 A G 0.640 -0.049 0.006 1.10E-17 263954 Cigbay 2.78E-04 73
8 27442127 rs73229090 A C 0.113 0.055 0.009 2.44E-10 263954 CigDay 1.52E-04 40
8 42579203 rs58379124 C T 0.748 0.067 0.007 9.00E-25 263954 CigDay 4.01E-04 106
8 64604218 rs790564 C A 0.719 -0.041 0.006 3.97E-11 263954 CigDay 1.65E-04 44
9 136460224  rs56116178 G A 0.085 0.070 0.009 7.23E-15 263954 CigDay 2.29E-04 60
9 136502369 rs3025383 C T 0.180 -0.058 0.007 2.22E-16 263954 CigDay 2.55E-04 67
11 16377044 rs7951365 C T 0.306 0.039 0.006 6.63E-11 263954 CigDay 1.61E-04 43
11 46465361 rs75494138 T C 0.062 0.060 0.011 1.45E-08 263954 CigDay 1.22E-04 32
11 113448762 rs7928017 A C 0.413 -0.033 0.006 3.14E-09 263954 Cigbay 1.33E-04 35
15 59155050 rs632811 G A 0.351 -0.037 0.006 1.03E-08 219449 CigDay 1.49€-04 33
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0.328
0.274
0.021
0.047
0.570
0.511
0.206
0.023
0.034
0.568
0.011
0.405
0.159

0.182
-0.052
-0.119
-0.072
-0.032
-0.034
-0.039
-0.180
-0.149
0.107
0.139
0.033
0.068

0.006
0.006
0.017
0.013
0.006
0.006
0.007
0.018
0.015
0.006
0.024
0.006
0.008

HHEHHHHE
4.15E-16
8.10E-13
3.78E-08
1.03E-08
1.27E-09
2.68E-08
3.48E-24
1.82E-22
1.10E-81
8.14E-09
2.76E-09
2.47E-18
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262014
262014
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Cigbhay
Cigbay
Cigbay
CigDay
CigDay
CigDay
CigDay
Cigbay
CigDay
Cigbay
Cigbhay
Cigbhay
Cigbay

3.69E-03
2.57E-04
1.99E-04
1.18E-04
1.25E-04
1.41E-04
1.17E-04
4.00E-04
3.69E-04
1.42E-03
1.29e-04
1.34E-04
2.89E-04

953

366
33
35
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*Summary statistics of SNPs were retrived from the largest availabel meta-analysis of genome wide association studies (GWASs) for BMIY and tobacco usel?.. Chr, chromosome;

EAF, allele frequency of effect allele; SE, standard error of beta; SampleSize, available sample size for each variant in according studies; Smkinit, smoking status, Ever/Never;
AgeSmk, age of smoking initiation; SmkCes, smoking cessation, Current/Former; CigDay, cigarettes per day; SNP Type, only for genetic variants of BMI, SNP was defined as

"BMI&Smoking SNP" if associated with both BMI and any one of the four smoking phenotypes, otherwise defined as "BMI-Only SNP". R, variance in exposure explained by each

variant, calculated as: R>=2*Beta’2*EAF*(1-EAF)/(2*Beta”2*EAF*(1-EAF)+ 2*SEA2*SampleSize*EAF*(1-EAF))B); F-statistic calculated as: F-statistic=R?*(SampleSize-2)/(1-R?)4l,

1. Yengo L, Sidorenko J, Kemper KE, Zheng Z, Wood AR, Weedon MN, Frayling TM, Hirschhorn J, Yang J, Visscher PM, Consortium G. Meta-analysis of genome-wide association

studies for height and body mass index in approximately 700000 individuals of European ancestry. Hum Mol Genet 2018;27: 3641-9.

2. Liu M, Jiang Y, Wedow R, Li Y, Brazel DM, Chen F, Datta G, Davila-Velderrain J, McGuire D, Tian C, Zhan X, andMe Research T, et al. Association studies of up to 1.2 million

individuals yield new insights into the genetic etiology of tobacco and alcohol use. Nat Genet 2019;51: 237-44.

3. Gill D, Efstathiadou A, Cawood K, Tzoulaki I, Dehghan A. Education protects against coronary heart disease and stroke independently of cognitive function: evidence from
Mendelian randomization. Int J Epidemiol 2019;48:1468-1477.
4. Palmer TM, Lawlor DA, Harbord RM, Sheehan NA, Tobias JH, Timpson NJ, Davey Smith G, Sterne JA. Using multiple genetic variants as instrumental variables for modifiable
risk factors. Stat Methods Med Res 2012;21: 223-42.



Table S2. F-statistic and R? for instrumental variables of BMI, smoking status, age of

smoking initiation, smoking cessation, and cigarettes per day

Exposure Fmin Frax Frmean Fmedian Fsum (NSNPS) stum Frs
BMI 31 1360 64 47 53523 (842) 7.33% 8.41
Smkinit 30 145 41 35 4492 (110) 0.71% 2.60
AgeSmk 31 53 39 33 274 (7) 0.10% 1.30
SmkCes 30 113 53 38 531 (10) 0.17% 1.55
CigDay 30 953 92 40 2656 (29) 1.03% 1.74

F-statistic: a statistic used to evaluate the strength of instruments; R?: the proportion of phenotypic
variance explained by all genetic instruments; Fmin: The minimum value of F-statistics of instrumental
variables (IVs) for each exposure; Fmax: The maximum value of F-statistics of IVs for each exposure;
Fmean: Mean value of F-statistics of Vs for each exposure; Fmedian: Median F-statistics of IVs for each

exposure; Fsum: Sum of F-statistics of IVs for each exposure; N.SNPs: Number of SNPs for each
exposure; R%,m: Sum of R? of IVs for each exposure; Frs: a modified F-statistic which was used to

evaluate the strength of instruments to predict one exposure conditional on the other exposures

using two sample summary data; BMI: body mass index; Smkinit, smoking status, Ever/Never;

AgeSmk, age of smoking initiation; SmkCes, smoking cessation, Current/Former; CigDay, cigarettes

per day.



Table S3. Causal relationships of BMI on lung cancer and histological subtypes estimated by approach of MR-Weighted median,
MR-Weighted mode, and MR-Egger

MR-Weighted median MR-Weighted mode MR-Egger
Outcome N.SNPs
OR (95% CI) P OR (95% ClI) P OR (95% Cl) P Pinter lox**
Using BMI-All SNPs
Overall 791 1.11 (1.00-1.24) 0.059 1.07 (0.82-1.39)  0.631  1.17(0.94-1.46) 0.161 0.897 0.838
Adeno 800 0.97 (0.84-1.11) 0.644 0.96 (0.68-1.35) 0.806 1.02 (0.76-1.36) 0.913 0.930 0.808
Squam 793 1.29 (1.09-1.52) 0.003 1.17 (0.80-1.70)  0.421  1.35(0.98-1.86)  0.065 0.969  0.845
Small 795 1.88 (1.43-2.46) 4.51E-06 1.81(0.97-3.38)  0.061  1.71(1.06-2.77)  0.029 0.956  0.838
Using BMI&Smoking SNPs
Overall 422 1.22 (1.06-1.40) 0.007 1.23(0.86-1.75)  0.263  1.19(0.88-1.60)  0.256 0.607  0.861
Adeno 430 1.01 (0.84-1.21) 0.913 0.96 (0.66-1.39) 0.829 0.94 (0.67-1.31) 0.703 0.352 0.865
Squam 427 1.34 (1.08-1.65) 0.008 1.19(0.77-1.85)  0.440  1.26(0.82-1.93)  0.285 0.422  0.869
Small 423 1.91 (1.36-2.67) 1.70E-04 1.87(0.83-4.21)  0.133  1.88(1.01-3.49)  0.047 0.950 0.864
Using BMI-Only SNPs
Overall 368 0.95 (0.79-1.14) 0.568 0.95(0.70-1.28)  0.723  1.06(0.76-1.46)  0.745 0.981  0.787
Adeno 369 0.92 (0.74-1.13) 0.413 0.94 (0.53-1.66) 0.823 1.06 (0.60-1.86) 0.853 0.532 0.561
Squam 365 1.17 (0.89-1.53) 0.255 1.18 (0.72-1.91) 0.513 1.37 (0.83-2.25) 0.214 0.550 0.788
Small 371 1.80 (1.13-2.87) 0.014 1.87 (0.86-4.07)  0.114  1.40(0.64-3.05) 0.396 0.727 0.782

BMI-All SNPs: All genetic instruments associated with BMI; BMI&Smoking SNPs: the genetic instruments associated with both BMI and any
one of the four smoking phenotypes; BMI-Only SNPs: the genetic instruments only associated with BMI; Overall: overall lung cancer; Adeno:
lung adenocarcinoma; Squam: lung squamous cell carcinoma; Small: small cell lung cancer; N.SNPs: number of SNPs used in MR; *P value for
intercept test of MR-Egger; *An adapted /2 statistics to quantify the strength of NOME (No Measurement Error) violation for instruments used
for MR-Egger regression.



Table S4. Causal relationships of smoking behaviors on lung cancer and histological subtypes estimated by univariable MR

MR-IVW MR-Weighted median MR-Weighted mode MR-Egger
Outcome N.SNPs "
OR (95% ClI) P OR (95% CI) P OR (95% Cl) P OR (95% ClI) P Pinter lox?*
Smoking status
1.57 1.62 1.65 1.71
Overall 96 (1.39-1.76) 1.34E-13 (1.38-1.90) 2.89E-09 (1.07-2.55) 0.025 (0.93-3.15) 0.083 0.768  0.239
1.38 1.40 1.33 1.12
Adeno 98 (1.19-1.60) 1.82E-05 (1.14-1.74) 0.002 (0.80-2.20) 0.265 (0.54-2.35) 0.759 0.578 0.252
1.82 1.83 1.72 3.50
Squam 101 (150220) LOSE09 i uahggy 22406 o0t 0.071 (1.30.9.43) 0013 0189 0.241
1.65 1.48 1.12 1.80
Small 103 (127215 LB2E04 o o1g) 0039 (0.45-2.80) 0.803 (0.48-6.71) 0381  0.896 0.276
Age of smoking initiation
0.32 0.43 0.66 0.00
Overall 6 (0.09.1.15) 0.080 (0.18-0.99) 0.048 (0.24-1.78) 0.412 (0.00-052) 0.026 0.145 0
0.48 0.52 0.77 0.00
Adeno 6 (0.09-2.59) 0.394 (0.16.1.68) 0.276 (0.13.4.75) 0.782 (0.00-3.75) 0.113 0.230 0
0.16 0.08 0.05 0.03
Squam 5 (0.04-0.70) 0.015 (0.02-0.31) 2.85E-04 (0.00-1.05) 0.054 (0.00-22.72) 0.300 0.649 0
0.15 0.14 0.30 0.01
Small 6 (0.04-0.57) 0.005 (0.03-0.77) 0.023 (0.02-3.70) 0.349 (0.00-4.23) 0.136 0.425 0
Smoking cessation
2.05 2.17 2.19 0.50
Overall 8 (0.46-9.21) 0.348 (1.49-3.16) 5.57E-05 (1.47-3.26) 1.10E-04 (0.00-57.00) 0.772 0.557 0.739
1.60 1.27 1.32 0.29
Adeno 9 (0.45-5.73) 0.468 (0.79-2.04) 0.326 (0.80-2.18) 0.274 (0.01-15.28) 0.537 0.399 0.728
2.62 2.94 2.97 0.80
Squam 10 0641075) OBl (171507 LOMEDA iuag 32004 o0 g 0923 0.600 0705
4.18 6.23 6.38 0.49
Small 8 0772278) 9% (26o1442) FOEOS  hs3iienn)  S54E0S  o0opzg) 0791 0429 0746

Cigarettes per day



Overall 28
Adeno 28
Squam 29
Small 27

2.89
(2.33-3.58)
2.57
(2.06-3.20)
3.27
(2.60-4.10)
3.32
(2.52-4.37)

3.59E-22

6.20E-17

1.66E-24

1.80E-17

3.32
(2.83-3.89)
2.93
(2.43-3.54)
4.07
(3.30-5.02)
3.80
(2.75-5.27)

4.26E-49

1.97E-29

3.57E-39

9.23E-16

3.62
(3.16-4.14)
3.11
(2.64-3.67)
3.96
(3.23-4.84)
3.78
(2.79-5.13)

1.67E-76

6.74E-42

9.08E-41

1.34E-17

4.25
(3.03-5.95)
3.87
(2.74-5.47)
4.29
(2.91-6.33)
4.13
(2.55-6.69)

7.30E-09

1.67E-14

1.79E-13

8.72E-09

0.011

0.009

0.105

0.290

0.963

0.963

0.962

0.965

Overall: overall lung cancer; Adeno: lung adenocarcinoma; Squam: lung squamous cell carcinoma; Small: small cell lung cancer; N.SNPs: number of SNPs used
in MR; *P value for intercept test of MR-Egger; #An adapted /2 statistics to quantify the strength of NOME (No Measurement Error) violation for instruments
used for MR-Egger regression.



Table S5. Causal relationships between BMI and Smoking phenotypes estimated by bidirectional MR

out N.SNP MR-IVW MR-Weighted median MR-Weighted mode MR-Egger
utcome . s "
OR (95% CI) P OR (95% ClI) P OR (95% CI) P OR (95% Cl) P Pinter lox**
BMI predict Smoking using BMI-All SNPs
. 1.24 1.21 1.15 1.27
Smklnit 841 (1.19-1.28) 6.60E-36 (1.17-1.26) 8.74E-28 (1.05-1.27) 0.004 (1.15-1.40) 1.19E-06 0.520 0.837
0.91 0.92 0.99 1.00
AgeSmk 842 (0.90-0.93) 3.68E-26 (0.90-0.94) 2.39E-12 (0.92-1.06) 0.728 (0.95-1.05) 0.856 2.69E-04 0.837
1.14 1.14 1.11 1.03
SmkCes 842 (1.11-1.18) 7.20E-15 (1.09-1.19) 4.48E-08 (0.94-1.31) 0.232 (0.94-1.14) 0.504 0.035 0.837
. 1.39 1.38 1.47 1.33
CigDay 842 (1.34-1.44) 7.54E-64 (1.31-1.45) 1.16E-37 (1.23-1.76) 2.10E-05 (1.19-1.49) 6.64E-07 0.421 0.837
BMI predict Smoking using BMI&Smoking SNPs
. 1.34 1.41 1.87 1.31
Smklinit 451 (1.27-1.42) 2.21E-27 (1.34-1.48) 4.46E-41 (1.36-2.57) 1.11E-04 (1.13-1.53) 4.77E-04 0.777 0.863
0.88 0.89 0.89 0.98
AgeSmk 451 (0.86-0.90) 2.44E-23 (0.86-0.92) 7.99E-13 (0.81-0.98) 0.016 (0.91-1.05) 0.517 2.58E-03 0.863
1.19 1.18 1.21 1.02
SmkCes 451 (1.12-1.25) 3.28E-10 (1.11-1.26) 3.07E-07 (1.03-1.42) 0.019 (0.88-1.19) 0.764 0.044 0.863
. 1.61 1.56 1.51 1.49
CigDay 451 (1.53-1.71) 1.89E-62 (1.46-1.67) 4.06E-39 (1.32-1.73) 1.28E-09 (1.27-1.75) 1.41E-06 0.303 0.863
BMI predict Smoking using BMI-Only SNPs
. 1.10 1.12 1.15 1.11
Smklnit 390 (1.06-1.13) 3.17E-10 (1.05-1.18) 2.00E-04 (1.05-1.27) 0.002 (1.02-1.21) 0.019 0.747 0.778
0.96 0.98 0.99 1.07
AgeSmk 390 (0.94-0.98) 4.22E-04 (0.94-1.02) 0.246 (0.93-1.06) 0.880 (1.00-1.15) 0.043 8.90E-04 0.777
1.09 1.08 1.02 1.01
SmkCes 390 (1.04-1.13) 5.01E-05 (1.01-1.15) 0.016 (0.88-1.18) 0.814 (0.89-1.14) 0.891 0.214 0.777
. 1.12 1.07 0.92 0.95
CigDay 390 (1.07-1.17) 4.83E-07 (1.01-1.15) 0.033 (0.78-1.08) 0.311 (0.83-1.09) 0.461 0.013 0.777




MR-IVW MR-Weighted median MR-Weighted mode MR-Egger
Exposure .
OR (95% ClI) P OR (95% CI) P OR (95% ClI) P OR (95% ClI) P Pinter lox**
Smoking predict BMI
. 1.21 1.14 1.11 1.41
Smkinit (110133 OBE0S 105100 L9EOY  geio0g) 0.146 (0.862.34) 0.176 0544 0238
0.88 1.10 1.20 1.22
Agesmk (0.55-1.41) 0.608 (0.93-1.30) 0.254 (1.03-1.40) 0023 912:1216) 0860 0.796 0
0.96 0.95 0.91 0.75
SmkCes (0.84-1.10) 0.577 (0.89-1.02) 0.194 (0.82-1.01) 0.071 (0.56-1.00) 0.052 0.167 0.707
. 1.23 1.21 1.21 1.93
CigDay (1.05-1.43) 0.009 (1.12-1.30) 3.16E-07 (1.11-1.32) 1.08E-05 (0.64-5.89) 0.246 0.478 0.427

BMI-All SNPs: All genetic instruments associated with BMI; BMI&Smoking SNPs: the genetic instruments associated with both BMI and any one of the four

smoking phenotypes; BMI-Only SNPs: the genetic instruments only associated with BMI; Smklinit, smoking status, Ever/Never; AgeSmk, age of smoking initiation;

SmkCes, smoking cessation, Current/Former; CigDay, cigarettes per day; N.SNPs: number of SNPs used in MR; *P value for intercept test of MR-Egger; *An

adapted /? statistics to quantify the strength of NOME (No Measurement Error) violation for instruments used for MR-Egger regression.



Table S6. Causal relationships of BMI on smoking phenotype adjusted for other smoking phenotypes
estimated by multivariable MR

MVMR-IVW

MVMR-Egger

Exposure
OR (95% CI) P OR (95% Cl) P Pinter
Smoking status 0.040
BMI 1.13 (1.09-1.17) 1.22E-10 1.23(1.12-1.35) 8.90E-06
AgeSmk 0.54 (0.48-0.61) 2.01E-23 0.54 (0.48-0.61) 4.14€-24
SmkCes 1.16 (1.09-1.23) 1.46E-06 1.16 (1.10-1.24) 9.05E-07
CigDay 1.04 (0.99-1.10) 0.121 1.04 (0.99-1.10) 0.114
Age of smoking initiation 0.004
BMI 0.97 (0.95-0.98) 2.57E-04 1.02 (0.98-1.07) 0.322
Smkinit 0.84 (0.82-0.87) 1.76E-33 0.84 (0.82-0.87) 1.16E-33
SmkCes 0.97 (0.94-1.00) 0.055 0.97 (0.94-1.00) 0.062
CigDay 0.95 (0.92-0.98) 2.59E-04 0.95 (0.93-0.98) 4.50E-04
Smoking cessation 0.523
BMI 1.03 (0.99-1.07) 0.110 1.01(0.92-1.10) 0.903
SmkInit 1.21(1.14-1.28) 9.47E-10 1.21(1.14-1.28) 8.75E-10
AgeSmk 0.85 (0.74-0.97) 0.017 0.85 (0.74-0.97) 0.020
CigDay 1.14 (1.08-1.21) 3.25E-06 1.14 (1.08-1.21) 3.91E-06
Cigarettes per day 0.080
BMI 1.29 (1.23-1.35) 1.36E-26 1.17 (1.05-1.32) 0.006
Smkinit 0.99 (0.92-1.08) 0.887 1.00 (0.92-1.08) 0.951
AgeSmk 0.72 (0.61-0.86) 2.45E-04 0.73 (0.61-0.87) 4.84E-04
SmkCes 1.43 (1.32-1.55) 2.34E-18 1.43 (1.32-1.55) 4.35E-18

MVMR-IVW: multivariable Mendelian randomization using inverse variance weighted approach; MVMR-Egger:

multivariable Mendelian randomization using Egger regression; Smklinit, smoking status, Ever/Never; AgeSmk, age of
smoking initiation; SmkCes, smoking cessation, Current/Former; CigDay, cigarettes per day; N.SNPs: number of SNPs
used in MR; *P value for intercept test of multivariable MR Egger.



Table S7. Causal relationships of smoking phenotype on BMI and adjusted for collider effect of lung cancer
estimated by multivariable MR

MVMR-IVW MVMR-Egger
Exposure N.SNPs
OR (95% CI) [ OR (95% CI) P Pinter
Smoking phenotypes predict BMI 0.638
SmklInit 63 1.19 (1.04-1.35) 0.011 1.19 (1.04-1.35) 0.011
AgeSmk 5 0.77 (0.51-1.17) 0.218 0.75 (0.49-1.16) 0.192
SmkCes 3 0.73 (0.60-0.89) 0.002 0.73 (0.60-0.89) 0.002
CigDay 8 1.29 (1.12-1.49) 4.40E-04 1.33(1.10-1.62) 0.004
Smoking phenotypes predict BMI considering collider effect of overall lung cancer 0.692
Overall 2 1.00 (0.91-1.09) 0.980 1.01(0.91-1.12) 0.855
Smkinit 55 1.20 (1.04-1.39) 0.011 1.21 (1.04-1.40) 0.011
AgeSmk 5 0.77 (0.50-1.18) 0.233 0.76 (0.49-1.18) 0.224
SmkCes 3 0.72 (0.58-0.89) 0.003 0.73 (0.58-0.90) 0.004
CigDay 8 1.29 (1.11-1.50) 0.001 1.29 (1.11-1.50) 0.001
Smoking phenotypes predict BMI considering collider effect of lung adenocarcinoma 0.274
Adeno 5 0.96 (0.91-1.01) 0.135 0.98 (0.92-1.05) 0.553
SmklInit 55 1.22 (1.06-1.40) 0.006 1.24 (1.08-1.43) 0.003
AgeSmk 5 0.77 (0.51-1.18) 0.228 0.77 (0.50-1.17) 0.223
SmkCes 3 0.73 (0.59-0.89) 0.002 0.74 (0.60-0.91) 0.004
CigDay 8 1.29 (1.12-1.50) 5.52E-04 1.29(1.12-1.50) 5.54E-04
Smoking phenotypes predict BMI considering collider effect of lung squamous cell carcinoma 0.924
Squam 1 0.98 (0.92-1.04) 0.525 0.98 (0.91-1.06) 0.647
SmklInit 58 1.13 (0.98-1.30) 0.093 1.13 (0.98-1.31) 0.099
AgeSmk 4 0.60 (0.38-0.96) 0.033 0.60 (0.38-0.97) 0.035
SmkCes 3 0.76 (0.62-0.94) 0.010 0.76 (0.62-0.94) 0.010
CigDay 8 1.30(1.13-1.51) 4.09E-04 1.31(1.12-1.52) 5.77E-04
Smoking phenotypes predict BMI considering collider effect of small cell lung cancer 0.753
Small 1 1.02 (0.96-1.08) 0.562 1.01(0.93-1.10) 0.804
SmklInit 60 1.17 (1.03-1.34) 0.019 1.17 (1.02-1.34) 0.025
AgeSmk 5 0.76 (0.50-1.17) 0.212 0.77 (0.50-1.17) 0.222
SmkCes 3 0.72 (0.58-0.89) 0.002 0.72 (0.58-0.90) 0.004
CigDay 8 1.27 (1.10-1.48) 0.001 1.27 (1.09-1.47) 0.002

MVMR-IVW: multivariable Mendelian randomization using inverse variance weighted approach; MVMR-Egger:
multivariable Mendelian randomization using Egger regression; Smkinit, smoking status, Ever/Never; AgeSmk, age of
smoking initiation; SmkCes, smoking cessation, Current/Former; CigDay, cigarettes per day; Overall: overall lung
cancer; Adeno: lung adenocarcinoma; Squam: lung squamous cell carcinoma; Small: small cell lung cancer; N.SNPs:
number of SNPs used in MR; *P value for intercept test of multivariable MR Egger.



Table S8. Causal relationships of BMI on lung cancer and histological subtypes estimated by univariable
MR using different genome-wide significance threshold

Threshold using 5 x 108 Threshold using 1 x 10"
Outcome
N.SNPs OR (95% CI) P N.SNPs OR (95% CI) P
Using BMI-All SNPs
Overall 912 1.19(1.11-1.28) 1.27E-06 791 1.19(1.10-1.28) 7.24E-06
Adeno 919 1.00(0.92-1.10) 0.914 800 1.00(0.91-1.10) 0.935
Squam 918 1.37 (1.23-1.52) 2.96E-09 793 1.36 (1.22-1.52) 3.59E-08
Small 916 1.72(1.47-2.01) 2.04E-11 795 1.73(1.47-2.04) 5.50E-11
Using BMI&Smoking SNPs
Overall 477 1.29(1.16-1.42) 7.94E-07 422 1.28 (1.15-1.42) 2.86E-06
Adeno 485 1.09 (0.97-1.22) 0.141 430 1.09 (0.97-1.22) 0.160
Squam 483 1.48 (1.28-1.71) 7.79E-08 427 1.48 (1.28-1.72) 1.91E-07
Small 478 1.86(1.51-2.30) 7.21E-09 423 1.84(1.48-2.29) 3.76E-08
Using BMI-Only SNPs
Overall 431 1.07 (0.97-1.18) 0.189 368 1.06 (0.95-1.18) 0.287
Adeno 430 0.89 (0.77-1.03) 0.120 369 0.89 (0.76-1.03) 0.121
Squam 431 1.21 (1.04-1.41) 0.012 365 1.19 (1.01-1.40) 0.036
Small 434 1.54 (1.21-1.96) 4.36E-04 371 1.60 (1.24-2.06) 2.70E-04

"The threshold used in this study. BMI-All SNPs: All genetic instruments associated with BMI; BMI&Smoking SNPs: the
genetic instruments associated with both BMI and any one of the four smoking phenotypes; BMI-Only SNPs: the
genetic instruments only associated with BMI; Overall: overall lung cancer; Adeno: lung adenocarcinoma; Squam: lung
squamous cell carcinoma; Small: small cell lung cancer; N.SNPs: number of SNPs used in MR.



Table S9. Causal relationships of smoking behaviors on lung cancer and histological subtypes
estimated by univariable MR using different genome-wide significance threshold

Threshold using 5 x 10"

Threshold using 1 x 108

Outcome

N.SNPs OR (95% ClI) P N.SNPs OR (95% ClI) P
Smoking status
Overall 96 1.57 (1.39-1.76) 1.34E-13 68 1.59 (1.39-1.82) 1.69E-11
Adeno 98 1.38(1.19-1.60) 1.82E-05 70 1.33(1.13-1.56) 5.71E-04
Squam 101 1.82 (1.50-2.20) 1.09E-09 70 2.07 (1.68-2.56) 7.8E-12
Small 103 1.65(1.27-2.15) 1.62E-04 70 1.53 (1.15-2.05) 0.004
Age of smoking initiation
Overall 6 0.32 (0.09-1.15) 0.080 5 0.33(0.07-1.52) 0.156
Adeno 6 0.48 (0.09-2.59) 0.394 5 0.51 (0.07-3.76) 0.505
Squam 5 0.16 (0.04-0.70) 0.015 4 0.19 (0.03-1.14) 0.069
Small 6 0.15 (0.04-0.57) 0.005 5 0.13 (0.03-0.55) 0.006
Smoking cessation
Overall 8 2.05 (0.46-9.21) 0.348 7 1.96 (0.37-10.38) 0.431
Adeno 9 1.60 (0.45-5.73) 0.468 7 1.39 (0.30-6.48) 0.675
Squam 10 2.62 (0.64-10.75) 0.181 7 2.33(0.37-14.77) 0.370
Small 8 4.18 (0.77-22.78) 0.099 7 3.82(0.58-25.07) 0.162
Cigarettes per day
Overall 28 2.89 (2.33-3.58) 3.59E-22 20 2.92(2.29-3.73) 5.45E-18
Adeno 28 2.57 (2.06-3.20) 6.20E-17 20 2.64 (2.08-3.35) 1.12E-15
Squam 29 3.27 (2.60-4.10) 1.66E-24 21 3.22 (2.50-4.16) 1.84E-19
Small 27 3.32 (2.52-4.37) 1.80E-17 20 3.28 (2.47-4.35) 2.63E-16

*The threshold used in this study. Overall: overall lung cancer; Adeno: lung adenocarcinoma; Squam:
lung squamous cell carcinoma; Small: small cell lung cancer; N.SNPs: number of SNPs used in MR.



Table S$10. Causal relationships of BMI and smoking phenotypes on lung cancer and histological subtypes estimated by multivariable MR using

different genome-wide significance threshold

BMI using 5 x 108

BMI using 1 x 10"

Exposure Smoking using 5 x 108 Smoking using 1 x 108 Smoking using 5 x 10" Smoking using 1 x 108
OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P
Overall lung cancer
BMI (0.8%?16.04) 0.364 (o.s%?f.ozx) 0.370 (o.s(;?ios) 0.224 (o.s(;?ios) 0.230
Smkinit “ 311'_53 20) 1.08E-09 : 1.313;?12.7 " 5.95E-10 : 1.310'18.7 0 6.87E-09 : 1313513’ 76) 1.73E-09
Agesmk (0.701'-913.22) 0.600 (0.7%—916.26) 0.749 (0.6%?1().20) 0.477 (0.6%—912.23) 0.580
SmkCes “ 117313 52) 1.93E-05 w 116?12.5 1 3.40E-05 w 116313 s3) 4.81E-05 w 116?;1. sa) 4.75E-05
CigDay “ 112216 1) 9.33E-05 “ 112._25 1) 1.54E-04 “ 114_219. 1) 5.99E-05 “ 112217 44 1.60E-04
Lung adenocarcinoma
BMI (0.7%?06.96) 0.006 (0.7%?(196) 0.007 (0.7%?06.96) 0.008 (0.7%?06.96) 0.009
Smkinit (1.213'15.72) 1.12E-05 (1.212'1‘%71) 2.53E-05 (1.211'1‘%71) 3.71E-05 (1.119'?571) 8.92E-05
AgeSmk (0.607.?15.34) 0.7>4 (0.6%?17.37) 0846 (o.eoi?fz7) 0489 (0.602.?10.31) 073
SmkCes (1.011'-119.41) 0041 (1.01i-21().42) 0036 (0.919'-118.41) 0070 (1.01(5-119.43) 0055
Clgbay (0.916-111.29) 0171 (0.91<§-111.29) 0.165 (0.912'?18.26) 0-346 (0.912?527) 0-355
Lung squamous cell carcinoma
BMI (0.91i?13.16) 0.672 (0.91i?12.15) 0.691 (0.91(5?12.16) 0.746 (0.91(5?12.15) 0.799
Smkinit ( 1.22?16. ) 7.61E-06 : 1.313;_612.98) 1.69E-06 : 1.216'::'14. 8) 2.82E-05 : 1.316'_627. 6) 1.14E-06
AgeSmk (0.507'?17.31) 0498 (0.5%?533) 0539 (0.5%?10.41) 0636 (0.5%?11.43) 0675
SmkCes ( 1.213'::’3 3) 5.19E-05 ( 1.215'_512.85) 3.14E-05 ( 1.210'?18. s3) 2.39€-04 ( 1.214_55 s5) 8.43E-05



CigDay (1.117'?1966) 1.65E-04 (1.115'?17.64) 3.65E-04 (1.210.?1%73) 1.11E-04 (1.116.:9’19.68) 4.51E-04
Small cell lung cancer
BMI (1.015'-216.51) 0.013 (1.015-21(3.52) 0.013 (1.ole§-2555) 0.011 (1.015-217.54) 0.013
Smkinit (o.slf-117.57) 0.288 (0.815-210.62) 0.243 (o.slzi-liss) 0.403 (0.815.—116.58) 0.348
Agesmk (0.3(;-6329) 0.248 (0.3%-712.36) 0317 (0.40i-719.53) 0485 (0.40i?1().56) 0503
SmkCes ( 1.216'_720' 30) 4.99E-04 ( 1.216-721.3 " 5.02E-04 ( 1.310'_7; 1) 3.27E-04 ( 1.315_)'?25. sa) 1.49E-04
CigDay “ 21;27. ) 1.72E-04 : 1.216'?25. ) 2.47E-04 : 1.310'_721.2 6) 1.42E-04 : 1.2155-72().2 6) 2.11E-04

*The threshold used in this study. MVMR-IVW: multivariable Mendelian randomization using inverse variance weighted approach; MVMR-Egger: multivariable
Mendelian randomization using Egger regression; BMI: body mass index; Smkinit: smoking status, Ever/Never; AgeSmk: age of smoking initiation; SmkCes:
smoking cessation, Current/Former; CigDay: cigarettes per day.



Table S11. Cochran's Q test for heterogeneity among MR analyses”

MR-IVW MR-Egger
Outcome Exposure
Q Q_df Q_pval Q Q_df Q_pval
BMI-All SNPs 1174.30 790 1.44E-17 1174.28 789 1.18E-17
BMI&Smoking SNPs 709.37 421 4.73E-17 708.92 420 3.98E-17
BMI-Only SNPs 453.20 367 1.41E-03 453.20 366 1.26E-03
Overall Smklinit 125.52 95 1.97E-02 125.40 94 1.69E-02
AgeSmk 28.27 5 3.23E-05 15.58 4 3.63E-03
SmkCes 327.45 7 8.23E-67 307.62 6 1.90E-63
CigDay 173.14 27 2.85E-23 134.74 26 1.22E-16
BMI-All SNPs 974.85 799 1.82E-05 974.84 798 1.64E-05
BMI&Smoking SNPs 499.68 429 1.03E-02 498.67 428 1.03E-02
BMI-Only SNPs 469.81 368 2.53E-04 469.31 367 2.35E-04
Adeno Smklinit 105.87 97 2.53E-01 105.53 96 2.38E-01
AgeSmk 26.04 5 8.76E-05 17.35 4 1.65E-03
SmkCes 153.42 8 3.78E-29 137.56 7 1.65E-26
CigDay 97.37 27 6.94E-10 74.42 26 1.48E-06
BMI-All SNPs 1008.97 792 2.36E-07 1008.97 791 2.08E-07
BMI&Smoking SNPs 593.97 426 1.25E-07 593.07 425 1.20E-07
BMI-Only SNPs 405.87 364 0.06 405.47 363 0.06
Squam Smkinit 140.63 100 4.64E-03 138.18 99 5.71E-03
AgeSmk 9.73 4 4.52E-02 8.97 3 2.97E-02
SmkCes 164.70 9 7.84E-31 158.79 8 2.86E-30
CigDay 79.45 28 8.05E-07 71.96 27 5.86E-06
BMI-All SNPs 903.06 794 4,18E-03 903.06 793 3.89E-03
BMI&Smoking SNPs 492.47 422 1.00E-02 492.47 421 9.17E-03
BMI-Only SNPs 409.13 370 0.08 408.99 369 0.07
Small Smkinit 108.36 102 0.31 108.34 101 0.29
AgeSmk 2.10 5 8.35E-01 1.32 4 8.58E-01
SmkCes 65.29 7 1.32E-11 58.31 6 9.90E-11
CigDay 42.72 26 0.02 40.82 25 0.02
Smkinit 1647.86 63 9.00E-303 1638.03 62 1.98E-301
BMI AgeSmk 124.62 4 5.51E-26 121.40 3 3.86E-26
SmkCes 37.15 4 1.68E-07 17.71 3 5.05E-04
CigDay 53.96 4 5.37E-11 44.29 3 1.31E-09
BMI-All SNPs 2865.32 840 8.49E-219 2863.91 839 7.56E-219
Smkinit BMI&Smoking SNPs 2345.57 450 3.28E-253 2345.15 449 1.70E-253
BMI-Only SNPs 400.32 389 0.34 400.21 388 0.32
BMI-AIl SNPs 1299.03 841 3.07E-22 1278.66 840 8.95E-21
AgeSmk BMI&Smoking SNPs 912.62 450 1.11E-33 894.32 449 8.05E-32
BMI-Only SNPs 345.97 389 0.94 334.75 388 0.98
BMI-All SNPs 1438.45 841 5.22E-34 1430.88 840 1.93E-33
SmkCes BMI&Smoking SNPs 1105.02 450 6.45E-57 1095.10 449 7.83E-56
BMI-Only SNPs 323.23 389 0.99 321.68 388 0.99
BMI-AIl SNPs 1588.11 841 1.58E-48 1586.89 840 1.53E-48
CigDay BMI&Smoking SNPs 1087.37 450 1.20E-54 1084.80 449 1.65E-54
BMI-Only SNPs 339.70 389 0.97 333.45 388 0.98




*The Q statistic has a chi-squared distribution on N-1 degrees of freedom (df) under the null hypothesis that all
genetic variants are valid IVs and the same causal effect is identified by all variants. N is the number of genetic
variants.™) Overall: overall lung cancer; Adeno: lung adenocarcinoma; Squam: lung squamous cell carcinoma; Small:
small cell lung cancer; Smkinit, smoking status, Ever/Never; AgeSmk, age of smoking initiation; SmkCes, smoking
cessation, Current/Former; CigDay, cigarettes per day; BMI-All SNPs: All genetic instruments associated with BMI;
BMI&Smoking SNPs: the genetic instruments associated with both BMI and any one of the four smoking phenotypes;
BMI-Only SNPs: the genetic instruments only associated with BMI.

1. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent Estimation in Mendelian Randomization with Some
Invalid Instruments Using a Weighted Median Estimator. Genet Epidemiol 2016;40: 304-14.



Table S12. Causal relationship of SmkCes on lung cancer and histological subtypes with and without
outliers rs518425 and rs56113850

Outcome MR-IVW with outliers MR-IVW without outliers
N.SNPs OR (95% ClI) P N.SNPs OR (95% ClI) P
Overall 8 2.05 (0.46-9.21) 0.348 6 2.44 (1.77-3.38) 6.28E-08
Adeno 9 1.60 (0.45-5.73) 0.468 7 1.77 (1.16-2.68) 0.008
Squam 10 2.62 (0.64-10.75) 0.181 8 3.52 (2.03-6.09) 7.12E-06
Small 8 4.18 (0.77-22.78) 0.099 6 5.69 (2.93-11.07) 2.92E-07

Overall: overall lung cancer; Adeno: lung adenocarcinoma; Squam: lung squamous cell carcinoma; Small: small cell
lung cancer; N.SNPs: number of SNPs used in MR.



Table $13. Causal relationships of BMI on lung cancer among ever-/never-
smokers estimated by univariable MR

Outcome N.SNPs OR (95% ClI) P

Using BMI-All SNPs

Ever 790 1.11 (1.02-1.21) 0.014

Never 808 0.90 (0.75-1.08) 0.250
Using BMI&Smoking SNPs

Ever 421 1.18 (1.05-1.32) 0.005

Never 429 1.03 (0.80-1.32) 0.843
Using BMI-Only SNPs

Ever 368 1.02 (0.90-1.15) 0.739

Never 378 0.73 (0.55-0.97) 0.030

BMI-All SNPs: All genetic instruments associated with BMI; BMI&Smoking SNPs: the
genetic instruments associated with both BMI and any one of the four smoking
phenotypes; BMI-Only SNPs: the genetic instruments only associated with BMI; Ever:
lung cancer among ever-smokers; Never: lung cancer among never-smokers; N.SNPs:
number of SNPs used in MR.



Table S14. Causal relationships of BMI and smoking phenotypes on lung cancer among ever-/never-
smokers estimated by multivariable MR

MVMR-IVW MVMR-Egger

Exposure N.SNPs *

OR (95% ClI) P OR (95% ClI) P Pinter

Lung cancer among ever-smokers 0.723
BMI 776 0.96 (0.87-1.05) 0.362 0.95 (0.86-1.05) 0.347
Smkinit 57 1.11 (0.95-1.29) 0.201 1.08 (0.88-1.33) 0.471
AgeSmk 5 0.81(0.57-1.13) 0.216 0.80 (0.57-1.13) 0.212
SmkCes 3 1.18 (1.01-1.40) 0.042 1.18 (1.00-1.39) 0.044
CigDay 8 1.25(1.08-1.44) 0.002 1.25(1.08-1.44) 0.002

Lung cancer among never-smokers 0.935
BMI 794 0.82 (0.65-1.02) 0.069 0.81 (0.65-1.02) 0.070
Smklinit 58 1.84 (1.29-2.63) 0.001 1.82(1.13-2.93) 0.014
AgeSmk 5 1.03 (0.48-2.25) 0.933 1.03 (0.47-2.25) 0.935
SmkCes 3 1.18 (0.81-1.71) 0.383 1.18 (0.81-1.71) 0.384
CigDay 8 0.84 (0.60-1.16) 0.277 0.84 (0.60-1.16) 0.277

MVMR-IVW: multivariable Mendelian randomization using inverse variance weighted approach; MVMR-Egger:
multivariable Mendelian randomization using Egger regression; Smklinit, smoking status, Ever/Never; AgeSmk, age of
smoking initiation; SmkCes, smoking cessation, Current/Former; CigDay, cigarettes per day; N.SNPs: number of SNPs
used in MR; *P value for intercept test of multivariable MR Egger.
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Figure S1. Statistical power estimation based on the sample size of lung cancer GWAS (29,266 cases and 56,450
controls), with an alpha level of 0.05 and the proportion of variance explained by genetic instruments for corresponding
exposures. BMI: body mass index; Smkinit: smoking status, Ever/Never; AgeSmk: age of smoking initiation; SmkCes:
smoking cessation, Current/Former; CigDay: cigarettes per day. The grey dotted line indicates 80% statistical power.



Exposure Outcome N.SNPs MR Approach OR (95% CI) P
VW 119 (1.10-1.28) 7.24E-06
; Weighted Median 1.11 (1.00-1.24) 0.059
Using BMI-All SNPs Overall 791\ iinted Mode 107 (0.82-1.39)  0.631
Egger 117 (0.94-1.46)  0.161
VW 1.00 (0.91-1.10)  0.935
Weighted Median 0.97 (0.84-1.11)  0.644
Adeno 800 \iiied Mode 0.96 (0.68-1.35)  0.806
Egger 1.02(0.76-1.36)  0.913
VW 136 (1.22-152) 3.59E-08
Weighted Median 129(1.09-152)  0.003
Squam 793 \oiohted Mode 117 (0.80-1.70)  0.421
Egger 1.35(0.98-1.86)  0.065
VW 173 (1.47-2.04) 5.5E-11
Weighted Median 1,88 (1.43-2.46) 4.51E-06
Small 795\ iohted Mode 181(0.97-3.38)  0.061
Egger 171(1.06-2.77)  0.029
VW 128 (1.15-1.42) 2.86E-06
: ; Weighted Median 1.22 (1.06-1.40) 0.007
Using BMI&Smoking SNPs  Overall 422 Weighted Mode 123(086-175) 0263
Egger 119(0.88-1.60)  0.256
VW 1.09(0.97-1.22)  0.16
Weighted Median 1.01 (0.84-1.21) 0.913
Adeno 430 \ined Mode 0.96 (0.66-1.39)  0.829
Egger 0.94 (0.67-1.31)  0.703
VW 148 (128-172) 1.91E-07
Weighted Median 134 (1.08-1.65)  0.008
Squam 427\ oohied Mode 119(0.77-1.85)  0.44
Egger 126(0.82-1.93)  0.285
VW 1.84 (1.48-2.29) 3.76E-08
Weighted Median 191 (1.36-2.67) 0.00017
Small 423\ iohted Mode 187 (0.83-4.21)  0.133
Egger 188 (1.01-3.49)  0.047
VW 1.06 (0.95-1.18)  0.287
. Weighted Median 0.95(0.79-1.14) 0568
Using BMI-Only SNPs  Overall = 368 i cq mode 0.95(0.70-1.28)  0.723
Egger 1.06 (0.76-1.46)  0.745
VW 0.89 (0.76-1.03)  0.121
Weighted Median 0.92 (0.74-1.13) 0.413
Adeno 369 \inted Mode 0.94 (0.53-1.66)  0.823
Egger 1.06 (0.60-1.86)  0.853
VW 119(1.01-1.40)  0.036
Weighted Median 117 (0.89-153)  0.255
Squam 365 \oihted Mode 118(0.72-191) 0513
Egger 137(0.83-2.25)  0.214
VW 1.60 (1.24-2.06) 0.00027
Weighted Median 1.80 (1.13-2.87) 0.014
Small 371 \\eignted Mode 187 (0.86-4.07)  0.114
Egger 1.40 (0.64-3.05)  0.396
T T T T T rrrri
0.50 1.0 15 2.0253.0 4.05.0
MR-IVW MR-Weighted Median MR-Weighted Mode MR-Egger



Figure S2. Odds ratios and 95% confidence intervals for the effect of BMI on lung cancer and histological subtypes
estimated by univariable MR using BMI-All SNPs, BMI&Smoking SNPs, and BMI-Only. BMI-All SNPs: All genetic
instruments associated with BMI; BMI&Smoking SNPs: the genetic instruments associated with both BMI and any one of
the four smoking phenotypes; BMI-Only SNPs: the genetic instruments only associated with BMI; Overall: overall lung
cancer; Adeno: lung adenocarcinoma; Squam: lung squamous cell carcinoma; Small: small cell lung cancer; N.SNPs:
number of SNPs used in MR, similarly hereinafter. Colors indicate for four approaches used in MR analyses.



Exposure Outcome N.SNPs MR Approach OR (95% Cl) P
VW 1.57 (1.39-1.76)  1.34E-13
. Weighted Median 1,62 (1.38-1.90) 2.89E-09
Smkinit  Overall 96\ ioied Mode 1.65(1.07-255)  0.025
Egger 171 (093-3.15)  0.083
VW 138 (1.19-1.60) 1.82E-05
Weighted Median 140 (1.14-1.74)  0.002
Adeno 98\ ined Mode 1.33(0.80-2.20)  0.265
Egger 112 (0.54-2.35)  0.759
VW 1.82 (1.50-2.20) 1.09E-09
Weighted Median 1,83 (1.43-2.35) 2.24E-06
Squam 101\ ihted Mode 172 (095-3.10)  0.071
Egger 3.50(1.30-9.43)  0.013
VW 1,65 (1.27-2.15) 0000162
Weighted Median 148 (1.02-2.14)  0.039
Small 103 ygignted Mode 112 (0.45-2.80)  0.803
Egger 1.80 (0.48-6.71)  0.381
VW 032 (0.09-1.15)  0.08
Weighted Median 043(0.18-0.99)  0.048
AgeSmk  Overall 6 Weighted Mode 0.66 (0.24-1.78)  0.412
Egger 0.00 (0.00-0.52)  0.026
VW 0.48(0.09-259)  0.394
Weighted Median 052 (0.16-1.68)  0.276
Adeno 6 Weighted Mode 0.7 (0.13-4.75)  0.782
Egger 0.00 (0.00-3.75)  0.113
VW 0.16 (0.04-0.70)  0.015
Sauar 5 Weighted Median 0.08 (0.02-0.31)  0.000285
q Weighted Mode 0.05(0.00-1.05)  0.054
Egger 0.03(0.00-22.72) 0.3
VW 015 (0.04-0.57)  0.005
Weighted Median 014 (0.03-0.77)  0.023
Small 6 g
Weighted Mode 0.30 (0.02-3.70)  0.349
Egger 0.01(0.00-4.23)  0.136
VW 205 (046-9.21)  0.348
Weighted Median 2.17 (1.49-3.16) 5.57E-05
SmkCes ~ Overall 8 Weighted Mode 219 (1.47-3.26)  0.00011
Egger 0.50 (0.00-57.00)  0.72
VW 160 (0.45-5.73)  0.468
Weighted Median 127 (0.79-2.04)  0.326
Adeno 9 Weighted Mode 132(0.80-2.18)  0.274
Egger 0.29 (0.01-15.28)  0.537
VW 262 (0.64-10.75)  0.181
Squam {0 Weishted Median 2.94(1.71-5.07)  0.000104
q Weighted Mode 297 (1.64-538)  0.00032
Egger 0.80 (0.01-72.72)  0.923
VW 418(0.77-22.78)  0.099
Syl g Weishted Median 6.23 (2.69-14.42) 1.93E-05
a Weighted Mode 6.38 (2.53-16.10) 8.54E-05
Egger 0.49 (0.00-92.79)  0.791
VW 289 (2.33-358) 3.59E-22
. Weighted Median 3.32(2.83-3.89) 4.26E-49
CigDay = Overall 28  \\iicd Mode 362 (3.16-4.14) 1.67E-76
Egger 4.25 (3.03-5.95) 0
VW 257 (2.06-320) 6.2E-17
Weighted Median 293 (243-354) 197E-29
Adeno 28 \\iihied Mode 311 (2.64-3.67) 6.74E-42
Egger 3.87 (2.74-547) 167E-14
VW 3.27 (2.60-4.10) 1.66E-24
Weighted Median 407 (3.30-5.02) 3.57E-39
Squam 29 \iiohted Mode 3.96 (3.23-4.84) 9.08E-41
Egger 429 (291-6.33) 1.79E-13
VW 332 (252-4.37) 1.8E-17
Weighted Median 3.80 (2.75-5.27) 9.23E-16
Small 27 \Neighted Mode 3.78 (2.79-5.13) 1.34E-17
Egger 413 (2.55-6.69) 8.72E-09
T rrrrrmm
0.50 1.01.5 2.5 4.06.0
MR-IVW MR-Weighted Median MR-Weighted Mode MR-Egger



Figure S3. Odds ratios and 95% confidence intervals for the effect of smoking behaviors on lung cancer and histological
subtypes estimated by univariable MR. Smkinit, smoking status, Ever/Never; AgeSmk, age of smoking initiation; SmkCes,
smoking cessation, Current/Former; CigDay, cigarettes per day; Overall: overall lung cancer; Adeno: lung
adenocarcinoma; Squam: lung squamous cell carcinoma; Small: small cell lung cancer; N.SNPs: number of SNPs used in
MR, similarly hereinafter. Colors indicate for four approaches used in MR analyses.



Exposure Outcome N.SNPs MR Approach OR (95% CI) P
VW 124 (1.19-128) 6.6E-36
. . Weighted Median 121 (1.17-1.26) 8.74E-28
Using BMI-All SNPs Smkinit 841 \ohted Mode 115 (1.05-1.27)  0.004
Egger 127 (1.15-1.40) 1.19E-06
VW 0.91 (0.90-0.93) 3.68E-26
Weighted Median 0.92 (0.90-0.94) 2.39E—12

AgeSmk 842 \ihied Mode 0.99 (0.92-1.06)  0.728

Egger 1.00 (0.95-1.05)  0.856

VW 114 (1.11-1.18)  7.2E-15
Weighted Median 114 (1.09-1.19) 4.48E-08

SmkCes 842 '\ ied Mode 111(0.94-131) 0232

Egger 1.03 (0.94-1.14) 0.504
VW 1.39 (1.34-1.44) 7.54E-64
. Weighted Median 1.38 (1.31-1.45) 1.16E-37

CigDay 842 \yiihted Mode 147 (123-1.76) 2.1E-05
Egger 1.33 (1.19-1.49) 6.64E-07
VW 134 (127-1.42) 2.21E-27

. . . Weighted Median 1.41 (1.34-1.48) 4.46E-41
Using BMI&Smoking SNPs  Smkinit 451 '\l vode 1.87 (1.36-2.57) 0.000111
Egger 131 (1.13-153) 0.000477
VW 0.88 (0.86-0.90) 2.44E-23
Weighted Median 0.89 (0.86-0.92) 7.99E-13

AgeSmk 451 \cihted Mode 0.89 (0.81-0.98)  0.016

Egger 0.98(0.91-1.05) 0517
VW 119 (1.12-1.25) 3.28E-10
Weighted Median 118 (1.11-1.26) 3.07E-07

SmkCes 45T \oihted Mode 121(1.03-142)  0.019

Egger 1.02 (0.88-1.19) 0.764
VW 161 (1.53-1.71) 1.89E-62
; Weighted Median 1.56 (1.46-1.67) 4.06E-39
CigDay 451 \oihted Mode 151 (1.32-1.73) 1.28E-09
Egger 149 (127-1.75) 1.41E-06
VW 110 (1.06-1.13) 3.17E-10

. : Weighted Median 142 (1.05-1.18)  2E-04
Using BMI-Only SNPs  Smkinit 390 \yohied Mode 145(1.05-1.27)  0.002
Egger 141 (1.02-1.21)  0.019

VW 0.96 (0.94-0.98) 0.000422

Weighted Median 0.98(0.94-1.02)  0.246

AgeSmk 390 \oihted Mode 0.99 (0.93-1.06)  0.88

Egger 1.07 (1.00-1.15)  0.043
VW 1.09 (1.04-1.13) 5.01E-05

Weighted Median 1.08 (1.01-1.15)  0.016

SmkCes 390 \eihted Mode 102 (0.88-1.18)  0.814

Egger 1.01 (0.89-1.14) 0.891
VW 112 (1.07-1.17) 4.83E-07

. Weighted Median 1.07 (1.01-1.15) 0.033

CigDay 390 \oihted Mode 0.92(0.78-1.08)  0.311

Egger 0.95(0.83-1.09)  0.461

T T T T T 1
0.50 1.0 15 20 253.0
MR-IVW MR-Weighted Median MR-Weighted Mode MR-Egger



Figure S4. Odds ratios and 95% confidence intervals for the effect of BMI on smoking phenotypes estimated by
univariable MR using BMI-All SNPs, BMI&Smoking SNPs, and BMI-Only. BMI-All SNPs: All genetic instruments associated
with BMI; BMI&Smoking SNPs: the genetic instruments associated with both BMI and any one of the four smoking
phenotypes; BMI-Only SNPs: the genetic instruments only associated with BMI; Smkinit, smoking status, Ever/Never;
AgeSmk, age of smoking initiation; SmkCes, smoking cessation, Current/Former; CigDay, cigarettes per day; N.SNPs:
number of SNPs used in MR. Colors indicate for four approaches used in MR analyses.



Exposure N.SNPs MR Approach OR (95% CI) P

VW 1.21 (1.10-1.33)  5.65E-05
. Weighted Median 1.14 (1.09-1.20)  1.95E-09

Smkinit 64 Weighted Mode 111(0.96-1.28)  0.146

Egger 1.41 (0.86-2.34)  0.176

VW 0.88 (0.55-1.41)  0.608

Weighted Median 1.10 (0.93-1.30)  0.254

AgeSmk 5 Weighted Mode 1.20 (1.03-1.40)  0.023

Egger 1.22 (0.12-12.16)  0.865

VW 0.96 (0.84-1.10)  0.577

Weighted Median 0.95 (0.89-1.02)  0.194

SmkCes 5 Weighted Mode 0.91 (0.82-1.01)  0.071

Egger 0.75 (0.56-1.00)  0.052

VW 1.23(1.05-1.43)  0.009
: Weighted Median 1.21 (1.12-1.30)  3.16E-07
CigDay 5 Weighted Mode 1.21 (1.11-1.32)  1.08E-05

Egger 1.93(0.64-5.89)  0.246

I T T TTTTTT
0.50 1.01.5 2.5 4.06.0
MR-IVW MR-Weighted Median MR-Weighted Mode MR-Egger

Figure S5. Odds ratios and 95% confidence intervals for the effect of smoking behaviors on BMI estimated by univariable
MR. Smkinit, smoking status, Ever/Never; AgeSmk, age of smoking initiation; SmkCes, smoking cessation,
Current/Former; CigDay, cigarettes per day; N.SNPs: number of SNPs used in MR. Colors indicate for four approaches

used in MR analyses.
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Figure S6. Funnel plots to show symmetrical distribution of individual variant estimates around the point estimate. (a-d)
Funnel plots for BMI-All SNPs; (e-h) Funnel plots for BMI&Smoking SNPs; and (i-I) Funnel plots for BMI-Only SNPs. The x-
axis represents the MR estimate of individual variants; the y-axis represents the inverse of their standard error. Effects
were estimated for BMI on overall lung cancer, lung adenocarcinoma, lung squamous cell carcinoma, and small cell lung
cancer, respectively. BMI-All SNPs: All genetic instruments associated with BMI; BMI&Smoking SNPs: the genetic
instruments associated with both BMI and any one of the four smoking phenotypes; BMI-Only SNPs: the genetic
instruments only associated with BMI. Colors indicate for approaches used in univariable MR analyses.
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Figure S7. Funnel plots to show symmetrical distribution of individual variant estimates around the point estimate. (a-d)
Funnel plots for Smkinit; (e-h) Funnel plots for AgeSmk; (i-I) Funnel plots for SmkCes; and (m-p) Funnel plots for CigDay.
The x-axis represents the MR estimate of individual variants; the y-axis represents the inverse of their standard error.
Effects were estimated for smoking behaviors on overall lung cancer, lung adenocarcinoma, lung squamous cell
carcinoma, and small cell lung cancer, respectively. Smkinit, smoking status, Ever/Never; AgeSmk, age of smoking
initiation; SmkCes, smoking cessation, Current/Former; CigDay, cigarettes per day. Colors indicate for approaches used
in univariable MR analyses.



(a) (e) (i)

0.10 -

0.10 -

0.00

-0.05 -

BMI-All SNP effect on Overall
BMI&Smk SNP effect on Overall
BMI-Only SNP effect on Overall

s

1 I 1 I 1 I I I
0.02 0.04 0.06 0.02 0.04 0.06 0.02 0.04 0.06
BMI-All SNP effect on BMI BMI&Smk SNP effect on BMI BMI-Only SNP effect on BMI

(b) (f) (J)

0.10 -

0.1-
0.05 - | ® »

0.1 - 0.10 -

BMI-All SNP effect on Adeno
BMI&Smk SNP effect on Adeno
o
o
¢ E
23 iy
BMI-Only SNP effect on Adeno

1 I 1 I 1 1 1 1 1 1
0.02 0.04 0.06 0.02 0.04 0.06 0.01 0.02 0.03 0.04
BMI-All SNP effect on BMI BMI&Smk SNP effect on BMI BMI-Only SNP effect on BMI

(c) (9) (k)

1S €
5 g :
g g g
c 5 5
o Jd .br
© 7} @
£ % =
[} o o
2 z -
=L
=z £ £
h . (%] @) .
E 0.2 2 s 02
o -0. E = =0.
1 I I I 1 1 I | I
0.02 0.04 0.06 0.02 0.04 0.06 0.02 0.04 0.06
BMI-All SNP effect on BMI BMI&Smk SNP effect on BMI BMI-Only SNP effect on BMI
©
L% 5 ‘,E, 0.2 - T
c s g
s k9] 9]
8 o g
a o
S & &
n i x > T
< 02- + & 02— | § -02-
s 1 3 TS !
m s =
@ 03- @
1 ] | | | 1 I I I
0.02 0.04 0.06 0.02 0.04 0.06 0.02 0.04 0.06
BMI-All SNP effect on BMI BMI&Smk SNP effect on BMI BMI-Only SNP effect on BMI
Inverse variance weighted Weighted median / Weighted mode / MR Egger

Figure S8. Scatter plots for effect sizes of SNPs for BMI and those for lung cancer and histological subtypes.

(a-d) Scatter plots for BMI-All SNPs; (e-h) Scatter plots for BMI&Smoking SNPs and (i-l) Scatter plots for BMI-Only SNPs.
The x-axis represents the effect size of SNPs on BMI; the y-axis represents the effect size of SNPs on lung cancer and
histological subtypes. BMI-All SNPs: All genetic instruments associated with BMI; BMI&Smoking SNPs: the genetic
instruments associated with both BMI and any one of the four smoking phenotypes; BMI-Only SNPs: the genetic
instruments only associated with BMI; Overall: overall lung cancer; Adeno: lung adenocarcinoma; Squam: lung
squamous cell carcinoma; Small: small cell lung cancer. Colors of fitted line indicate for four approaches used in
univariable MR analyses.
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Figure S9. Scatter plots for effect sizes of SNPs for smoking behaviors and those for lung cancer and histological
subtypes.
(a-d) Scatter plots for Smkinit; (e-h) Scatter plots for AgeSmk; (i-1) Scatter plots for SmkCes; and (m-p) Scatter plots for
CigDay. The x-axis represents the effect size of SNPs on smoking behaviors; the y-axis represents the effect size of SNPs
on lung cancer and histological subtypes. Smkinit, smoking status, Ever/Never; AgeSmk, age of smoking initiation;
SmkCes, smoking cessation, Current/Former; CigDay, cigarettes per day; Overall: overall lung cancer; Adeno: lung
adenocarcinoma; Squam: lung squamous cell carcinoma; Small: small cell lung cancer. Colors of fitted line indicate for
four approaches used in univariable MR analyses.
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Figure S10. Scatter plots for effect sizes of SNPs for smoking cessation and those for lung cancer and histological

subtypes with and without outliers.

Upper: scatter plots with outliers; Bottom: scatter plots without outliers. The x-axis represents the effect size of SNPs on
smoking cessation; the y-axis represents the effect size of SNPs on overall lung cancer, lung adenocarcinoma, lung
squamous cell carcinoma, and small cell lung carcinoma, respectively. Colors of fitted line indicate for four approaches
used in univariable MR analyses. The outliers are marked as purple points.



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

BMI 776 0.95 (0.88-1.04) 0.270
Smkinit 55 1.59 (1.33-1.90) 4.62E-07

Overall AgeSmk 5 0.91 (0.68-1.21)  0.505
SmkCes 3 1.34 (1.17-1.54)  3.88E-05
CigDay 7 1.29 (1.14-1.46) 5.86E-05

BMI 784 0.86 (0.77-0.96)  0.008

Smkinit 55 1.38 (1.09-1.74) 0.007

Adeno AgeSmk 5 0.87 (0.60-1.26) 0.473

SmkCes 3 1.18 (0.99-1.41)  0.073

CigDay 8 1.08 (0.92-1.26) 0.348

BMI 780 1.08 (0.91-1.17) 0.652
Smkinit 58 1.75 (1.33-2.29) 6.12E-05

Squam AgeSmk 5 0.91 (0.58-1.42) 0.679
SmkCes 3 1.49 (1.21-1.84) 1.95E-04
CigDay 8 1.44 (1.20-1.73) 1.08E-04

BMI 782 1.28 (1.05-1.54) 0.012

Smkinit 59 1.10 (0.73-1.64) 0.649

Small AgeSmk 5 0.79 (0.41-1.53) 0.479
SmkCes 3 1.78 (1.30-2.43) 3.38E-04
CigDay 8 1.71 (1.30-2.26)  1.45E-04

[ T T T T 1
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Figure S11. Causal relationships of BMI and smoking phenotypes on lung cancer estimated by multivariable MR Egger.
Colors indicate for five exposures: BMI, Smkinit, AgeSmk, SmkCes, and CigDay.
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