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Smoking phenotypes 

We investigated whether smoking is causal of ALS using two smoking phenotypes: the lifetime 

smoking index, a continuous measure of smoking exposure; and ever smoking, a binary measure of 

smoking exposure.  

The lifetime smoking index is a model that combines multiple aspects of smoking behaviour 

including smoking initiation, heaviness, duration and cessation with two constants: tau, the levelling 

off of risk with increased smoking exposure; and delta, the lag in drop of disease risk after cessation 

due to reverse causality 1. The lifetime smoking index model can be used to provide a lifetime 

smoking exposure score per individual that can be used in statistical models. The UK Biobank has 

been used to develop an instrumental variable for lifetime smoking index which has been validated 

with positive control MR studies in diseases in which smoking is established as a risk factor such as 

coronary heart disease 2.  

Ever smoking, was defined by Genome-wide association study and Sequencing Consortium of 

Alcohol and Nicotine use (GSCAN) as those people who had ever reported; 1) being a regular smoker 

in their life, 2) having smoked over 100 cigarettes over the course of your life or 3) have you ever 

smoked every day for at least a month? 3.  

Instrument strength  

Instrument strength (a measure of how related the SNPs are to the exposure) can be quantified 

using the F statistic, and regression dilution as a result of random error in the SNP-exposure effects 

can be summarised using the I2
GX

 statistic4. The results of each test are detailed in table S1. 

Smoking causal for ALS 

Instrument F statistic I2
GX unweighted I2

GX weighted 

Lifetime smoking index 44.0 0.64 0.42 

Ever smoking 44.9 0.60 0.47 

ALS liability causal for smoking 

Instrument F statistic I2
GX unweighted I2

GX weighted 

Lifetime smoking index 50.4 0.60 0.47 

Ever smoking 50.4 0.91 0.71 

Table S1 mean F statistic of each SNP, unweighted and weighted I2
GX statistics for MR analyses in 

both directions.  

Pleiotropy tests 

Cochran’s Q statistic is used to detect heterogeneity which can be caused by horizontal pleiotropy, 

the results of this test can be found in table S25. The MR Egger intercept test to estimates the bias 

from directional pleiotropy and results are shown in table S36. 

Smoking causal for ALS 

Instrument (exposure) Method Q Q_df Q_pval 

Lifetime smoking index MR Egger 185.62 117 5.55E-05 

Inverse variance weighted 187.77 118 4.64E-05 

Rucker’s Q 2.16 1 1.42E-01 

Ever smoking MR Egger 467.64 351 2.96E-05 

Inverse variance weighted 469.53 352 2.68E-05 

Rucker’s Q 1.89 1 1.70E-01 
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ALS liability causal for smoking 

Instrument (outcome) Method Q Q_df Q_pval 

Lifetime smoking index MR Egger 7.89 7 0.34 

Inverse variance weighted 11.40 8 0.18 

Rucker’s Q 3.51 1 0.06 

Ever smoking MR Egger 9.73 7 0.20 

Inverse variance weighted 10.77 8 0.21 

Rucker’s Q 1.04 1 0.31 

Table S2 heterogeneity analyses using Cochran Q statistic for MR analyses in both directions  

Smoking causal for ALS 

Instrument MR Egger intercept SE p-value 

Lifetime smoking index 0.008 0.007 0.25 

Ever smoking 0.005 0.004 0.24 

ALS liability causal for smoking 

Instrument MR Egger intercept SE p-value 

Lifetime smoking index -0.003 0.002 0.12 

Ever smoking -0.002 0.003 0.42 

Table S3 pleiotropy tests using MR Egger intercept  

SNP filtering 

Steiger filtering is used to check for reverse causation by testing whether the association between 

instrumental variable SNPs and the MR exposure measure is greater than the association between 

those same SNPs and the MR outcome measure7. The results of this test are shown in table S4. 

Smoking causal for ALS 

Instrument Total SNPs Unable to find LD 

proxy 

Palindromic SNPs 

with intermediate 

frequencies 

Failed Steiger 

filtering 

Lifetime smoking index 126 0 7 4 

Ever smoking 378 5 20 52 

ALS liability causal of smoking 

ALS and lifetime smoking 10 1 0 0 

ALS and ever smoking 10 1 0 0 

Table S4 Numbers of SNPs that were removed from instruments for either not finding a match in 

the outcome dataset, being ambiguous matches, as well as those not passing Steiger filtering. 

Table S5 Results of MR analyses with only variants passing Steiger filtering. 

Exposure 

Instrument 
Method N SNPs P-value 

Odds 

ratio 
95% CI 

Smoking causal for ALS 

Lifetime smoking 

index 

Inverse variance weighted 115 0.51 0.92 0.75, 1.16 

Weighted median 115 0.14 0.81 0.61, 1.07 

Weighted mode 115 0.28 0.71 0.39, 1.32 

Robust adjusted profile score (RAPS) 115 0.33 0.89 0.71, 1.12 

Ever smoking 

Inverse variance weighted 301 0.17 1.07 0.97,1.17 

Weighted median 301 0.58 1.04 0.91,1.19 

Weighted mode 301 0.67 0.90 0.56,1.44 

Robust adjusted profile score (RAPS) 301 0.05 1.07 0.97,1.18 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Neurol Neurosurg Psychiatry

 doi: 10.1136/jnnp-2020-323316–1315.:1312 91 2020;J Neurol Neurosurg Psychiatry, et al. Opie-Martin S



Mendelian Randomisation analyses 

For results of a Mendelian randomisation analysis to be valid, three assumptions must be satisfied 8. 

One assumption is that the instrument, in this case SNPs, used to assess the relationship between 

the exposure and outcome must be strongly associated with the exposure, in this case smoking. 

Another assumption is that SNPs are not confounded with factors that also confound the exposure, 

for example, that SNPs are not confounded with a factor such as socioeconomic status, also 

associated with smoking. The final assumption is that the effect of the SNPs on the outcome is only 

through their effect on the exposure. If the SNPs affect the outcome through another effect of the 

gene (in this case if the SNPs cause ALS in some other way not just through increased smoking) this is 

referred to as horizontal pleiotropy. 

Inverse variance weighted Mendelian randomisation is a meta-analysis of the ratio of SNP-exposure 

effects on SNP-outcome effects weighted by the inverse variance of the outcome effects 9. Random 

effects Inverse variance weighted Mendelian randomisation will return an unbiased estimate of the 

effect of the exposure on the outcome if model assumptions are met and  the direction of effect of 

horizonal pleiotropy is balanced; it is the default inverse variance weighted method in the 

TwoSampleMR package 10. We used this as our main analysis with each of the other methods 

providing a sensitivity analysis.  

MR Egger analysis regresses SNP-exposure effects on SNP-outcome effects but does not constrain 

the intercept to pass through the origin as is the case in inverse variance weighted Mendelian 

randomisation 4. Not constraining the intercept to pass through the origin means the intercept from 

MR Egger can be used to estimate bias from directional pleiotropy (other effects of the SNPs than 

just those on the exposure of interest) and that the slope estimate can still be valid in the presence 

of unbalanced pleiotropy. We used simulation extrapolation (SIMEX) corrections to MR Egger 

estimates where there was evidence of regression dilution (low I2
GX value, see table S1) 4.  

The weighted median method assumes half of all SNPs are valid instruments and more heavily 

weights the SNPs that are more strongly associated with the exposure 11.  

The weighted mode method clusters SNPs into groups and estimates causal effect from the largest 

group, weighting each SNPs contribution to the clustering by inverse variance of its outcome 12.  

MR RAPS penalises SNPs based on their individual estimated pleiotropic effect calculated using a 

robust adjusted profile score 13.  

The results of the Mendelian randomisation analyses in both directions are found in table S6. 
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Table S6 results of MR analysis in both directions 

  

Exposure 

Instrument 
Method N SNPs P-value 

Odds 

ratio 
95% CI 

Smoking causal for ALS 

Lifetime smoking 

index 

Inverse variance weighted 119 0.59 0.94 0.74, 1.19 

Weighted median 119 0.15 0.81 0.60, 1.08 

Weighted mode 119 0.25 0.72 0.41, 1.26 

Robust adjusted profile score (RAPS) 119 0.36 0.89 0.70, 1.14 

MR-Egger, SIMEX - unweighted 119 0.09 0.47 0.19,1.12 

Ever smoking 

Inverse variance weighted 353 0.05 1.10 1.00,1.23 

Weighted median 353 0.39 1.06 0.93,1.21 

Weighted mode 353 0.81 0.94 0.60,1.49 

Robust adjusted profile score (RAPS) 353 0.04 1.11 1.00,1.23 

MR-Egger, SIMEX - unweighted 353 0.18 1.47 1.04,2.09 

ALS liability causal for smoking 

Outcome 

Instrument 
method N SNPs p-value 

Odds 

ratio 
95% CI 

Lifetime 

smoking index 

Inverse variance weighted 9 0.99 1.00 0.99, 1.01 

Weighted median 9 0.88 1.00 0.99, 1.01 

Weighted mode 9 0.79 1.00 0.99, 1.02 

Robust adjusted profile score (RAPS) 9 0.63 1.00 0.99, 1.02 

MR-Egger, SIMEX - unweighted 9 0.98 1.00 0.97,1.03 

Ever smoking 

Inverse variance weighted 9 0.71 1.00 0.99,1.02 

Weighted median 9 0.83 1.00 0.98,1.01 

Weighted mode 9 0.59 0.99 0.97,1.04 

Robust adjusted profile score (RAPS) 9 0.93 1.00 0.99,1.01 

MR-Egger 9 0.38 1.01 0.98,1.05 
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Genetic risk score analysis 

Genetic risk score analysis uses genome-wide association summary statistics to create individual 

genetic risk scores for a trait that can be used to predict development of the same trait in different 

people or can be correlated with development of other traits. P-value thresholds for included SNPs 

can be relaxed compared to those used to define genetic instruments in Mendelian randomisation, 

and typically genetic risk score analysis is used as a first step to generate hypotheses for causality that 

can be more rigorously tested using Mendelian randomisation 14. Smoking has already been associated 

with ALS in some observational literature so in this case we have used genetic risk score to check for 

concordance with Mendelian randomisation analysis.  

We generated genetic risk scores for lifetime smoking index and ever smoking using the SNPs reported 

as reaching genome-wide significance from the GWASs defined above and used them to predict ALS 

in data from UK Biobank (194 ALS cases; 384,970 controls). Lifetime smoking index score was derived 

using 126 SNPs and GSCAN ever smoking score using 378 SNPs. To test bi-directionality, the 

association between a genetic risk score for ALS and various smoking variables in UK Biobank was 

assessed (385,164 individuals with available genotype and phenotype data). For the 135 variants 

associated with ALS (threshold for association with ALS p < 5x10-5), 128 SNPs were used to generate a 

genetic risk score for ALS 15. Smoking variables included participant responses to having “ever smoked” 
(UK Biobank number 20160), “number of cigarettes currently smoked daily” (UK Biobank number 
3456), “number of cigarettes previously smoked daily” (UK Biobank 2887), “current tobacco smoking” 
(UK Biobank number 1239) and “past tobacco smoking” (UK Biobank number 1249).  

All SNPs were ensured to be independent of each other (r2 < 0.001) using genotype data from 

European individuals (CEU) from phase 3 of the 1000 Genomes Project as a reference. For SNPs that 

were not present in the UK Biobank genotype data, a suitable proxy was selected (r2 > 0.8). The risk 

score was weighted by the effect size (beta) of the reported effect allele and normalised to have a 

mean of zero and a standard deviation of one. Individuals with evidence of genetic relatedness or who 

were not of European ancestry were excluded, as well as those who had withdrawn consent. Further 

QC measures that have been applied to the UK Biobank genetic data set have been described 

previously 16.  

Regression analyses were completed in R, where linear regression was applied to analyse continuous 

traits, logistic regression for binary traits and ordinal logistic regression for ordered categorical traits. 

All analyses were adjusted for age, sex, 10 principal components of ancestry and the genotyping chip 

used to generate the genetic data for participants. Results of GRS analyses are found in table S7. 

Smoking GRS OR 95% CI Beta SE P N Model AUC 

Directionality: Smoking causal for ALS 

Lifetime smoking index 1.07 0.93, 1.23 0.07 0.07 0.34 385,164 OLR 0.66 

Ever smoking 0.96 0.84, 1.11 -0.04 0.07 0.59 385,164 OLR 0.66 

Directionality: ALS liability causal for smoking 

Ever smoked 1.00 0.99, 1.01 0.00 0.003 0.91 383,828 GLM 0.58 

Current tobacco smoking 1.01 1.00, 1.02 0.01 0.01 0.12 384,917 OLR n/a 

Past tobacco smoking 1.00 0.99, 1.01 0.00 0.003 0.82 356,231 OLR n/a 

Number of cigarettes currently 

smoked daily (current cigarette 

smokers) n/a n/a 0.03 0.05 0.60 27,226 LM 

n/a 

Number of cigarettes previously 

smoked daily n/a n/a -0.03 0.03 0.37 91,492 LM 

n/a 

Table S7 Bi-directional genetic risk score analysis. OLR: ordinal logistic regression, GLM: 

generalized linear model, LM: linear model. AUC: area under the curve  
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Scatter plots 

 

Figure S1 Scatter plot of SNP effect on Lifetime smoking index and ALS 
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Figure S2 Scatter plot of SNP effect on ever smoking and ALS 

  

 

 

SNP effect on ever smoking 
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Figure S3 Scatter plot of SNP effects in analysis of ALS liability being causal of lifetime smoking 

index 
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Figure S4 Scatter plot of SNP effects in analysis of ALS liability being causal of ever smoking 
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Individual SNP plots  

Individual SNP plots show the results of single SNP analyses compared to the methods using multiple 

SNPs. 

 

 

Figure S5 Single SNP analysis of lifetime smoking index and ALS 
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Figure S6 Single SNP analysis ever smoking and ALS 
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Figure S7 Single SNP analysis of ALS liability and lifetime smoking index 
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Figure S8 Single SNP analysis of ALS libaility ever smoking 
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Leave one out analyses 

In this analysis the rows represent MR analysis of smoking on ALS using all of the SNPs available in 

each instrument except for the SNP listed on the y-axis. The point shows the effect size of the 

analysis with that SNP removed and the line represents the standard error. 

 

Figure S9 Leave one out analyis of lifetime smoking index on ALS 
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Figure S10 Leave one out analyis of ever smoking on ALS 
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Figure S11 Leave one out analysis of ALS liability on CSI 
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Figure S12 Leave one out analysis of ALS liabilty on ever smoking 
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