Supplementary Material

Mendelian Randomisation Study of Smoking, Alcohol, and Coffee Drinking in Relation to
Parkinson’s Disease

Supplementary Methods
Courage-PD international consortium

The Courage-PD (COmprehensive Unbiased Risk Factor Assessment for Genetics and
Environment in Parkinson’s Disease) international consortium pooled individual-level data from
35 studies on Parkinson’s disease (PD) from different populations worldwide and used the same
array to genotype their participants.

The Geo-PD (Genetic Epidemiology Of Parkinson’s disease; https://geopd.biomedinfo.org/)
consortium represents one of the components of Courage-PD. This consortium aims at conducting
collaborative studies on genetic susceptibility in PD; one of its main features is that participating
sites are distributed in the five continents, therefore representing a highly diverse population. In
addition, several other studies from Europe contributed to Courage-PD. PD was diagnosed using
standard criteria (United Kingdom Parkinson’s Disease Society Brain Bank - UKPDSBB, Gelb,
Bower) [1-3].

All studies were approved by local ethical committees following the procedures of each
country, and material transfer agreements were set up between participating sites and the
University of Tiibingen (Germany).

According to the study’s consortium agreement, participating sites contributed DNA and
demographic/environmental data. DNAs (25ul of DNA at a concentration of 50 to 100 ng/pl) were

shipped for quality control to University of Tiibingen (Germany) and genotyped in a central



laboratory in Munich (Institute of Human Genetics, Helmholtz Zentrum, Germany). The samples
from two sites (Gasser, Morris/Wood) were genotyped at the Laboratory of Neurogenetics
(National Institute on Aging, National Institutes of Health, Bethesda, MD, USA). Demographic
data were harmonized and collected using a standardized form and cleaned at Inserm U1018

(Villejuif, France).

Genotyping

The Neurochip chip was used to genotype all the samples [4]. Briefly, this chip is a custom-
designed array containing a tagging variant backbone with good genome-wide resolution of about
306,670, complemented with a manually curated custom content comprised of 179,467 variants
implicated in diverse neurological diseases, including PD.

Genotyping was performed with an automated protocol according to the manufacturer’s
instructions (Illumina, San Diego, CA, USA). All arrays were scanned with an [llumina iScan and
raw data were analyzed with the Illumina Beeline and GenomeStudio software packages using the
manifest file Neuro Consortium 20013217 A1.bpm. Clustering was performed in GenomeStudio
with the GenTrain cluster 2.0 algorithm. Genotypes were post-processed with zCall (DOI:

10.1093/bioinformatics/bts479) to improve detection of rare alleles.

Quality control

Genotyped data exported from Genome Studio to PLINK format were used for quality control
and downstream analysis. The pooled dataset from the 35 sites consists of 27,538 subjects.
Phenotypic data were missing for 245 subjects and three sites were removed as they only included

cases, leaving 26,535 subjects (14,859 cases, 11,431 controls) for quality control using



“COMRARE” an automated pipeline under development at the University of Tiibingen. The

pipeline uses PLINK (https://www.cog-genomics.org/plink) and R scripts (R Foundation for

Statistical Computing, Vienna, Austria) and the following steps were implemented separately for

each site:

1- Per individual quality control:

Identification of individuals with elevated missing genotyping rates or outlying
heterozygosity rate: individuals with a genotype failure rate >4% or heterozygosity rate
+ 4 standard deviations from the mean were excluded.

Identification of Individuals with discordant sex information: the homozygosity rate
was calculated for X-linked SNPs for each individual and compared to the expected
rate. Participants for whom phenotypic and genotypic sex were discordant were
removed.

Identification of duplicated or related Individuals: pairs of individuals with an identity
by descent (IBD) greater than 0.185 were removed.

Eigensoft software was used to compute principal components in order to correct for
population stratification by merging our dataset with HapMap [5, 6]. A scatter plot of

the first two principal components was used to identify outliers in each study.

2- Per marker quality control:

Identification of markers with high missing data rate: a call-rate threshold of 4% was
used and SNPs with a lower rate were removed.
SNPs with a significant (p<10~) difference in rates of missing values between cases

and controls were removed.



e We excluded variants with a minor allele frequency (MAF) <5x10® and those in

Hardy-Weinberg disequilibrium (p<5x10%).

Imputation

After QC, we used the HRC/1000G imputation preparation and checking tool
(https://www.well.ox.ac.uk/~wrayner/tools/HRC-1000G-check-bim-v4.3.0.zip) to check for
Ref/Alt allele assignments, incorrect strands, deviation from allele frequency, and palindromic
SNPs. Imputation of autosomal variants was performed separately for each dataset based on based
on 271,398 to 373,664 SNPs in each study, through the Michigan Imputation server using the HRC
reference panel and the GRCh37/hg19 assembly with a R? filter of 0.3. The mean of the number

of SNPs available in each study after imputation was 13,710,549 (SD=2,986,478).

Association analysis and meta-analysis

We excluded from our analyses samples overlapping with the international Parkinson Disease
Genomics Consortium (iPDGC) which included all the samples from three sites (Pastor/Diez-
Fairen, Spain; Toft, Norway; Morris/Wood, UK) as well as 1,000 samples from the Gasser/Sharma
(Germany) site (642 cases, 358 controls) and 137 samples of PD cases from the Tolosa site (Spain).
Analyses are also restricted to sites that provided samples for both cases and controls and to
participants of Caucasian ancestry; only sites with at least 50 cases or 50 controls were included.
In addition, as the role of environmental factors may be different in carriers of Mendelian PD
mutations, we excluded participants with GBA/LRRK?2 mutations or positive family history of
PD. The main characteristics of 7,369 cases and 7,018 controls from 23 sites included in the

analyses are shown in Supplementary Table 1.



We excluded SNPs with a MAF <1%, in Hardy-Weinberg disequilibrium (P<5x10-%), and
those with low imputation quality (r><0.8). The final number of SNPs available for analysis in each
study was comprised between 5,934,239 and 7,168,307. Only SNPs available in 75% (n=17) of
the studies or more were retained for further analyses.

For our MR analyses, we selected a total of 411 SNPs, of which 6 were not available and 37
excluded (Supplementary Table 5). Therefore, the final number of SNPs used in the analyses was
of 368 SNPs, of which 93% were available in all studies. Of these SNPs, 27 were genotyped and
341 were imputed; when genotyped SNPs were available, we selected them in priority.

For each site, logistic regression adjusted for sex and the first four principal components was
performed for each SNP under an additive genetic model (number of alleles for genotyped SNPs,
dosage for imputed SNPs) using PLINK software (version 1.9) [7].

Summary statistics from the GWAS of the 23 studies were meta-analysed using the GWAMA
software [8]. To assess heterogeneity of genetic associations with each SNP in Courage-PD, we
used the I? statistic; I? values of 0 to 24% suggest little heterogeneity, 25 to 49% reflect moderate
heterogeneity, 50 to 74% reflect large heterogeneity, and >75% reflect very large heterogeneity.
Effects size and standard errors of SNPs with little heterogeneity across studies (I’<25%) were
combined using a fixed-effect model, while we used a random-effects model for SNPs with higher
heterogeneity (I1>>25%). Of 368 SNPs used in our MR analyses, 324 (88%) displayed little
heterogeneity and 44 (12%) had moderate heterogeneity; there were no SNPs with I? above 50%.

Analyses were first performed overall. We then repeated our analyses: (i) in two groups defined
by median age at study (<67 years, >67 years; 6,086 cases and 5,672 controls from 19 studies); (if)
in two groups defined by median disease duration in PD cases (<7 years, N=3,633; >7 years,

N=3,271) from 22 studies (cases from each group were compared to all controls).
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Supplementary Figure 1. Survival bias in Mendelian randomization studies of diseases in
elderly populations.

Genetic Exposure of interest (E)

instrument (G) (smoking, alcohol, coffee) l"*mﬁh
% ~"~Association
of interest___
Association between T
G and U induced by Su_rvival until inclusion T PD
conditionifg on a into the study (S)
collider (S)

" Unmeasured
exposure (U)

If both the exposure of interest (E) and an unmeasured exposure (U) influence survival (S), conditioning on survival
up to the age at inclusion into the study creates an association between U and G (and E) (red dashed double arrow)
because S is a collider. If U is not taken into account in the analysis, the association of G (and E) with PD is biased
due to the association between U and G. The bias is more important for exposures that have an important effect on
survival, and if there is an interaction between U and E in determining survival.

The importance and direction of the bias depends on the direction of the U-S and E-S associations (discordant or
concordant) and of the U XE interaction for S. Depending on these parameters, the bias can go in any direction: it can
distort associations towards the null (e.g., true associations that weaken as age increases), or it can create a false
association between G and PD in situations where there is no true association (e.g., no association in younger subjects
while there is one in older subjects) or make a true association seem stronger; in some extreme situations, it can even
revert the direction of a true association (e.g., true positive association becomes negative as age increases).

MR estimates of the association between E and PD are based on the association between G and E, and the association
between G and PD. In one-sample MR, both associations are estimated in the same sample and are likely to be similarly
biased; therefore, taking the ratio of these associations cancels out much of the bias. Alternatively, in two-sample MR,
only the association between G and PD is estimated in the study sample, and the bias of MR estimates equals the bias
seen for the G and PD association (Smit RA et al., Epidemiology 2019;30(6):813-816).
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