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Table S1. Detailed information for instrumental variables of smoking status

Chr Position Beta SE P Sample SNP Effect_al Other_al EAF Exposur F-
size lele lele e statistic

1 4403768 0.033512 0.003898 8.12E-18 632802  rs300172 A G 0.321 smoking 74
5 3 initiation
|| id:ieu-
b-4877

1 7376603 -0.02414 0.003556 1.14E-11 632802  rs755550 T C 0.496 smoking 46
7 7 initiation
|| id:ieu-
b-4877

1 5062597 0.026004 0.004396 3.36E-09 632802  rs666983 T C 0.204 smoking 35
9 9 initiation
|| id:ieu-
b-4877

1 9119617 -0.02228 0.003568 4.22E-10 632802 rs120421 C T 0.527 smoking 39
6 07 initiation
|| id:ieu-
b-4877

1 6647020 0.026057 0.003586 3.61E-13 632802 rs218612 T A 0.561 smoking 53
6 2 initiation
|| id:ieu-

b-4877
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|| id:ieu-

b-4877
20 3117525 0.022555 0.003823 3.65E-09 632802 rs155544 T A 0.337 smoking 35
8 5 initiation
|| id:ieu-
b-4877
21 4055556  0.02929 0.005269 2.76E-08 632802 rs117143 C T 0.12 smoking 31
1 374 initiation
|| id:ieu-
b-4877
22 2878175 -0.01998 0.003661 4.85E-08 632802  rs134529 C T 0.349 smoking 30
8 initiation
|| id:ieu-
b-4877

Chr, chromosome; EAF, allele frequency of effect allele; SE, standard error of beta; Sample size, available sample size for each variant in according
studies; F-statistic calculated as: F-statistic=R?*(SampleSize-2)/(1-R?).

Table S2. MR analyses of the effect of smoking initiation on cigarettes per day and current tobacco smoking

Outcome Method N.SNPs OR (95% CI) P value
Cigarettes per Day MR Egger 85 1.04 (0.66, 1.65) 0.871825
Weighted median 85 1.21 (1.11, 1.31) 8.26E-06

Inverse variance weighted 85 1.20 (1.09, 1.31) 0.000101

Simple mode 85 1.33 (1.06, 1.67) 0.015903

Weighted mode 85 1.29 (1.03, 1.62) 0.031194




Current tobacco smoking MR Egger 84 1.19 (1.11, 1.28) 6.94E-06

Weighted median 84 1.18 (1.16, 1.21) 6.17E-76
Inverse variance weighted 84 1.19 (1.17, 1.20) 9.69E-125
Simple mode 84 1.23(1.17, 1.29) 1.41E-11
Weighted mode 84 1.22 (1.16, 1.28) 9.22E-12

N.SNPs: number of SNPs used in MR; OR, odds ratio.

Table S3. MR analyses of the effect of smoking initiation on body mass index, type 2 diabetes, overweight and waist circumference

Outcome Method N.SNPs OR (95% CI) P value
Body mass index MR Egger 84 1.39 (0.96, 2.03) 0.088438
Weighted median 84 1.12 (1.07, 1.17) 5.61E-07

Inverse variance weighted 84 1.20 (1.12, 1.29) 1.24E-06

Simple mode 84 1.25 (1.13, 1.38) 4.88E-05

Weighted mode 84 1.24 (1.05, 1.46) 0.013712

Type 2 diabetes MR Egger 76 1.18 (0.64, 2.17) 0.600831
Weighted median 76 1.27 (1.12, 1.44) 0.000149

Inverse variance weighted 76 1.29 (1.15, 1.46) 2.74E-05

Simple mode 76 1.37 (0.98, 1.91) 0.068801

Weighted mode 76 1.30 (0.99, 1.71) 0.0637

Overweight MR Egger 74 1.27 (0.55, 2.89) 0.578315
Weighted median 74 1.08 (0.94, 1.25) 0.294699

Inverse variance weighted 74 1.19 (1.01, 1.40) 0.038241

Simple mode 74 1.09 (0.77, 1.54) 0.635137

Weighted mode 74 1.09 (0.79, 1.50) 0.606926

Waist circumference MR Egger 84 1.38 (1.04, 1.84) 0.028129




Weighted median 84 1.10 (1.06, 1.14) 1.16E-06
Inverse variance weighted 84 1.17 (1.10, 1.24) 5.41E-08
Simple mode 84 1.19 (1.04, 1.37) 0.014691
Weighted mode 84 1.01 (0.92, 1.10) 0.894964
N.SNPs: number of SNPs used in MR; OR, odds ratio.
Table S4. Cochran's Q test for heterogeneity among MR analyses*
Exposure Outcome Method Q Q_df Q_pval
Smoking initiation e vertebral disc MR Egger 125.6844 82 0.001377
degeneration
Inverse variance 126.1118 83 0.001607
weighted
Sciatica MR Egger 112.2543 82 0.014908
Inverse variance 114.3621 83 0.012819
weighted
Low back pain MR Egger 124.7383 82 0.001652
Inverse variance 124.9137 83 0.002016
weighted

“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 Vs and

the same causal effect is identified by all variants. N is the number of genetic variants.



Table S5. MR Egger test of directional pleiotropy

Exposure Outcome Egger_intercept SE P value

Smoking initiation T vertebral disc -0.00469 0.00889 0.598873
degeneration

Sciatica 0.014468 0.01166 0.218193

Low back pain -0.0035 0.010307 0.735095

Table S6. Causal relationships of smoking on outcome estimated by multivariable MR"

Exposure Outcome N.SNP Beta SE P value
Smoking initiation Low back pain 25 0.283808 0.0953 0.002901
Type 2 diabetes 55 0.021676 0.02698 0.421742
Overweight 8 -0.04123 0.07969 0.604919
Body mass index 247 -0.08155 0.249103 0.743398
Waist circumference 198 0.465507 0.287662 0.10561
Smoking initiation e vertebral disc 25 0.211893 0.086747 0.01458
degeneration
Type 2 diabetes 55 0.052602 0.024579 0.032346
Overweight 8 -0.01419 0.072747 0.845332
Body mass index 247 0.159043 0.226555 0.482675

Waist circumference 198 0.068603 0.261764 0.79326




Smoking initiation Sciatica 25 0.055412 0.105866 0.600685

Type 2 diabetes 55 0.049323 0.029958 0.099678
Overweight 8 -0.08117 0.088616 0.359657
Body mass index 247 0.269499 0.276649 0.329979
Waist circumference 198 0.102085 0.319355 0.749226

*Multivariable Mendelian randomization using inverse variance weighted approach; N.SNPs, number of SNPs used in MR.

MR Method
Inverse variance weighted
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Figure S1. Funnel plots to show symmetrical distribution of individual variant estimates around the point estimate. The x-axis represents the MR
estimate of individual variants. The y-axis represents the inverse of their standard error. The vertical lines indicate the MR estimates using the five
different MR methods. The asymmetry in the funnel plot may be an indicator of heterogeneous effects and may be related to directional level



pleiotropy that leads to biased effect estimates.
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Figure S2. MR Leave-One-Out Analysis In leave-one-out analysis, each individual SNP is sequentially excluded from the inverse variance
weighted MR model to identify outlier SNPs that may drive outsize effects. Plotted are the log odds ratios of each leave-one-out model for each
outcome (IVDD, sciatica, and LBP) against the SNP excluded from each model. Lines extending from each point represent the 95% confidence
intervals of the effect estimate.
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Figure S3. MR Single-SNP Analysis The single-SNP MR method plots the Wald estimate of the effect of each SNP included in the smoking
genetic instrument on each outcome. Lines extending from each point represent the 95% confidence interval of the odds ratio (points). Red
estimates at the bottom of each plot represent the summary measures from five MR models including all of the individual SNPs.



