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Supplementary Table 1. Frequency of self-reported symptoms in MPBC.  

Symptoms Control %  
(N yes/no) 

Patient %  
(N yes/no) 

p 

Motor   
 

Muscle stiffness 10.0 (89/797) 72.7 (647/243) 1.23E-157 
Slowness of movement 1.9 (17/863) 72.4 (643/245) 1.96E-205 
Balance problems 11.9 (106/784) 65.4 (581/308) 4.53E-118 
Tremor 6.0 (53/829) 64.8 (577/313) 6.07E-147 

Non-motor 
  

 

Nocturia 58.4 (540/385) 71.6 (659/261) 3.26E-09 
Leg swelling 16.5 (151/765) 70.4 (273/648) 3.22E-11 
Urgent urination 23.5 (215/701) 51.9 (474/440) 9.11E-36 
Vertigo, dizziness or feeling of weakness when standing up from supine or sitting 21.9 (200/715) 50.2 (460/457) 3.11E-36 
Reduced ability to taste or smell 6.9 (63/852) 45.0 (414/506) 6.85E-77 
Feeling depressed 17.5 (159/750) 44.6 (410/510) 1.32E-35 
Slow thinking 12.8 (116/792) 43.5 (396/515) 1.17E-47 
Forgetfulness 19.7 (178/727) 42.3 (388/529) 2.69E-25 
Unpleasant sensations in legs in the evening or when resting, and an urge to move 19.1 (175/739) 41.7 (384/537) 1.60E-25 
Sexual dysfunction 28.1 (248/636) 41.0 (350/503) 1.70E-08 
Speaking or moving during sleep as when ”acting out” dreams 8.1 (73/826) 39.7 (365/555) 2.02E-55 
Insomnia 31.2 (285/628) 39.5 (365/558) 2.31E-04 
Increased or decreased libido 28.7 (260/646) 36.0 (319/567) 1.13E-03 
Drooling 3.3 (30/885) 34.6 (319/603) 3.49E-65 
Concentration difficulties 6.2 (57/860) 34.4 (316/603) 1.77E-50 
Vivid dreams or nightmares 8.8 (81/835) 33.4 (307/612) 1.16E-37 
Constipation 5.6 (51/865) 33.3 (305/612) 2.22E-50 
Falling 7.0 (64/850) 30.3 (278/638) 3.10E-37 
Feeling of incomplete evacuation of stools 11.2 (102/812) 28.6 (261/653) 1.98E-20 
Idiopathic pain 7.8 (71/841) 26.9 (245/666) 8.70E-27 
Feeling anxious/worried/scared or panicky  6.7 (61/846) 26.0 (239/681) 2.36E-28 
Difficulties swallowing food/drinks 5.9 (54/862) 24.6 (226/691) 1.37E-28 
Loss of interest 3.1 (28/889) 21.6 (198/720) 3.70E-33 
Excessive sweating 8.4 (77/838) 18.8 (173/746) 1.29E-10 
Difficulties judging physical distance 2.7 (25/887) 17.4 (159/755) 5.49E-25 
Diplopia 2.1 (19/888) 17.1 (157/760) 3.93E-27 
Hallucinations 1.1 (10/904) 16.8 (155/765) 1.17E-31 
Difficulties staying awake during activities such as eating or driving 2.4 (22/897) 13.0 (120/806) 3.59E-17 
Unexplained weight loss 1.4 (13/900) 11.2 (103/815) 1.77E-17 
Fecal incontinence 3.4 (31/884) 7.3 (66/834) 2.81E-04 
Nausea 1.8 (16/898) 7.0 (64/854) 8.63E-08 
Delusions 0.5 (5/909) 6.0 (55/860) 1.29E-10 

 
 



Supplementary Table 2. Risk factors for PD in Sweden displayed as OR and 95% CI for both 
non-adjusted and adjusted complete-case logistic regression analyses 
Risk factor Control (n) Patient (n) Non-adjusted Adjusted 

   OR 95% CI OR 95% CI 

Coffee age <41 years  881 878     
   Nothing 55 81 1.00 Referent 1.00 Referent 
   1-2 cups/day 323 348 0.73 0.50 - 1.06 0.82 0.56 - 1.20 
   3-5 cups/day 422 397 0.64 0.44 - 0.92 0.71 0.49 - 1.04 
   >5 cups/day 81 52 0.44 0.27 - 0.71 0.52 0.31 - 0.86 
Coffee age 41-64 years  881 874     
   Nothing 44 70 1.00 Referent 1.00 Referent 
   1-2 cups/day 287 351 0.77 0.51 - 1.15 0.88 0.57 - 1.33 
   3-5 cups/day 472 408 0.54 0.36 - 0.81 0.62 0.41 - 0.94 
   >5 cups/day 78 45 0.36 0.21 - 0.61 0.43 0.25 - 0.74 
Coffee age >64 years  776 717     
   Nothing 44 72 1.00 Referent 1.00 Referent 
   1-2 cups/day 361 385 0.65 0.43 - 0.97 0.74 0.49 - 1.11 
   3-5 cups/day 331 240 0.44 0.29 - 0.67 0.49 0.32 - 0.74 
   >5 cups/day 40 20 0.31 0.16 - 0.58 0.36 0.18 - 0.70 
Snus 828 820     
   Ever vs. never 127/701 74/746 0.55 0.40 - 0.74 0.53 0.38 - 0.73 
Tobacco 838 835     
   Ever vs. never 508/330 424/411 0.67 0.55 - 0.81 0.72 0.59 - 0.88 
Smoking 828 820     
   Current vs. never 51/342 40/415 0.65 0.42 - 1.00 0.76 0.47 - 1.21 
   Ever vs. never 486/342 405/415 0.69 0.57 - 0.83 0.82 0.67 - 1.01 
   Past vs. never 435/342 365/415 0.69 0.57 - 0.84 0.83 0.67 - 1.02 
   Pack-years (Ever-smokers) 433 335 0.99 0.98 - 1.00 0.99 0.98 - 1.00 

Well-water 847 738     
   Ever vs. never 370/477 334/404 0.94 0.78 - 1.13 1.02 0.83 - 1.26 
BMI age 20 861 841 1.05 1.02 - 1.09 1.05 1.01 - 1.09 
BMI highest 875 864 1.01 0.99 - 1.03 1.01 0.99 - 1.03 
Farming 847 738     
   Ever vs. never 68/779 85/653 1.30 0.94 - 1.81 1.09 0.74 - 1.61 
Head trauma 925 918     
   Ever vs. never 296/629 351/567 1.32 1.09 - 1.59 1.30 1.08 - 1.58 
   Loss of consciousness 133/157 134/209 0.76 0.55 - 1.04 0.76 0.55 - 1.04 
PD family history 850 743     
   1st degree 59/791 66/677 1.31 0.91 - 1.89 1.31 0.91 - 1.90 
   Any relative 93/757 148/595 2.02 1.53 - 2.69 2.00 1.51 - 2.67 
Pesticides 847 738     
   Ever vs. never 31/816 61/677 2.37 1.53 - 3.74 2.26 1.39 - 3.72 

  



Supplementary Table 3. Associations between various variables and PD. Analyzed variables 
were obtained from questions regarding exposure/use within the past year prior to study 
inclusion. Associations are indicated in OR and 95% CI (adjusted for sex and age at inclusion).  
Variable Control % (N) Patient % (N) OR 95% CI  

   
 

Alcohol    
 

Nothing 9.1 (84) 16.1 (149) 1.00 Referent 
Low 48.2 (447) 52.5 (481) 0.58 0.43 - 0.78 
Moderate 29.1 (270) 25.1 (230) 0.45 0.33 - 0.62 
High 13.6 (126) 6.2 (57) 0.23 0.15 - 0.34  

   
 

Red Wine    
 

Nothing 11.8 (99) 12.9 (99) 1.00 Referent 
Low 59.0 (497) 63.6 (489) 0.99 0.73 - 1.35 
Moderate 22.0 (185) 21.0 (161) 0.88 0.62 - 1.25 
High 7.2 (61) 2.6 (20) 0.32 0.18 - 0.57  

   
 

BMI    
 

Inclusion 100.0 (921) 100.0 (914) 0.99 0.96 - 1.00  
   

 

Physical activity    
 

Sedentary 7.9 (73) 19.5 (179) 1.00 Referent 
Moderate 52.3 (484) 51.9 (469) 0.38 0.28 - 0.51 
Moderate but regular 24.0 (222) 18.2 (167) 0.28 0.20 - 0.39 
Regular 15.8 (146) 11.4 (105) 0.26 0.18 - 0.38 
     
Physical activity - Hours/week    

 

Nothing 3.2 (29) 9.8 (84) 1.00 Referent 
< 1 hour/week 10.3 (93) 15.0 (129) 0.44 0.26 - 0.72 
1-3 hours/week 27.4 (248) 28.8 (248) 0.31 0.20 - 0.49 
>3 - <5 hours/week 24.5 (222) 21.6 (186) 0.26 0.16 - 0.42 
≥5 hours/week 34.6 (313) 24.9 (214) 0.21 0.13 - 0.33  

   
 

Comorbidities    
 

Hyperlipidemia 24.6 (230/705) 13.9 (129/800) 0.51 0.40 - 0.64 
Hypertension 43.7 (409/526) 29.9 (278/651) 0.57 0.47 - 0.69 
Osteoarthritis 29.4 (275/660) 21.0 (195/734) 0.66 0.53 - 0.82 
Migraine 7.1 (66/869) 5.9 (55/874) 0.81 0.55 - 1.17 
Back pain 8.1 (76/859) 11.8 (110/819) 1.56 1.15 - 2.13 
Depression 7.5 (70/865) 13.3 (124/805) 1.89 1.39 - 2.59 
Bowel problems 3.5 (33/902) 11.9 (111/818) 3.93 2.66 - 5.97  

   
 

Ibuprofen    
 

Never 69.6 (514) 78.5 (693) 1.00 Referent 
< 2 times/week 24.8 (183) 138 (15.6) 0.53 0.41 - 0.68 
≥ 2 times/week 5.7 (42) 5.9 (52) 0.89 0.58 - 1.37 

 



Supplementary Table 4. Results from GWA analysis in MPBC for the 90 risk variants 
reported to be associated with PD in cohorts of European ancestry  

aNalls 2019 without 23andMe data; bNalls 2019 with 23andMe data; *SNCA rs356182 can also be found in Table 3. 
LRRK2 G2019S (rs34637584) is occurring twice in the table, the italic being the genotyped data and the non-italic 
the imputed data. 
 
Nalls MA, Blauwendraat C, Vallerga CL, Heilbron K, Bandres-Ciga S, Chang D, Tan M, Kia DA, Noyce AJ, Xue A, 
et al. (2019) Identification of novel risk loci, causal insights, and heritable risk for Parkinson's disease: a meta-analysis 
of genome-wide association studies. Lancet Neurol 18, 1091-1102. 



 
 
Supplementary Figure 1. Map over Sweden indicating the region of study inclusion. The 
inclusion region, the southernmost province of Sweden (Scania), is enlarged. The map over 
Scania shows the nine different cities of study recruitment (two neurological clinics were located 
in Malmö). The size and color of the circles indicates the number of study participants recruited 
from each city.  
 
 
 



 
 
Supplementary Figure 2. Flowchart of the study participant inclusion process to MPBC 
 
 
 
  

Individuals assessed 
for eligibility as controls                    

(n=5,419)

Excluded (n=126, 2.3%)
• Did not leave blood samples (n=124)
• Did not fill out questionnaire (n=2)

Included population-
based controls 

(n=1,001, 18.5%)

Excluded non-matched controls (n=48)
• Double patient-matched controls (n=34)
• Matched patient failed to complete (n=14)
• No PD diagnosis (n=8)
• No blood samples (n=3)
• No questionnaire (n=3)

Individuals assessed 
for eligibility with 

Parkinson’s disease (PD) 
(n=2,093)

Included PD patients 
(n=1,011, 48.3%)

Patients Controls

Lacks control (n=58)
• No matched control (n=47)
• Matched control failed to complete (n=11)
• No blood samples (n=10)
• No questionnaire (n=1)

Excluded (n=319, 15.2%)
• Did not respond (n=160)
• No PD diagnosis (n=82)
• Already included or invited (n=3)
• Incomplete data collection (n=9)
• Living in nursing home (n=35)
• Not living in southern Sweden (n=7)
• Did not speak Swedish (n=8)
• Failed to follow-up (n=15)

Actively declined to participate (n=763, 36.5%) Actively declined to participate (n=4,292, 79.2%)

Patient with SNCA duplication (n=1)

Failed genotype quality control (n=23)
• Identification of individuals with high or low 

heterozygosity rate (F >0.15 / <-0.15) (n=1*)
• Genetic sex fails (n=1*)
• Identification of related individuals sharing 

>12.5% of alleles (n=13)
• Patients with divergent ancestry (Non-

European, n=9)

*The same sample

Controls
(n=953)

Failed genotype quality control (n=15)
• Identification of related individuals sharing 

>12.5% of alleles (n=10)
• Controls with divergent ancestry (Non-

European, n=5)

PD patients
(n=929)

Controls
(n=935)

Incorrect handling of samples (n=3) 

PD patients
(n=953)



Supplementary Figure 3. Directed acyclic graphs (DAGs) for visualizing the minimal 
sufficient adjustment for estimating the direct effect of environmental factors on PD.  
A) Smoking, B) Snus, C) PD Heredity, D) Pesticides, E) Coffee, F) Head Trauma (HT), G) 
Farming, H) Well-Water, I) BMI. Red, Exposure of interest; turquoise, Outcome; PD, Orange, 
potential confounders to adjust for in the regression model; grey, Other variables. RwPD, 
Relative/s with PD; HT, Head trauma; BMI, Body mass index  
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Supplementary Figure 4. Exclusion of ancestry outliers using principal component analysis 
(PCA). Non-European individuals was defined as diverging >±6SD from the combined 
CEU/TSI population. Populations: CEU, Utah residents with Northern and Western European 
ancestry; CHB, Han Chinese in Beijing, China; CHD, Chinese in Metropolitan Denver, 
Colorado; JPT, Japanese in Tokyo, Japan; LWK, Luhya in Webuye, Kenya; TSI, Toscani in 
Italia; YRI, Yoruba in Ibadan, Nigeria 
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Supplementary Figure 5. Scree plot of the eigenvalues of principal components in the PCA.  
Used to determine the number of PCs to add as covariates in the GWA analyses.  
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Supplementary Figure 6. Swedish cohort MPBC population stratification with HapMap3 
populations using PCA. Populations: ASW, African ancestry in Southwest USA; CEU, Utah 
residents with Northern and Western European ancestry; CHB, Han Chinese in Beijing, China; 

−0.01

0.00

0.01

0.02

0.03

0.04

0.05

−0.010 −0.005 0.000 0.005 0.010
PC1

PC
2

Populations
CASE
CHB
CHD
CONTROL
JPT

MPBC vs HapMap3 Asian Ancestry only

−0.015

−0.010

−0.005

0.000

−0.04 −0.03 −0.02 −0.01 0.00 0.01
PC1

PC
2

Populations
ASW
CASE
CONTROL
LWK
MKK
YRI

MPBC vs HapMap3 African Ancestry only

0.00

0.01

0.02

0.000 0.004 0.008
PC1

PC
2

Populations
CASE
CONTROL
GIH
MEX

MPBC vs HapMap3 MEX and GIH populations



CHD, Chinese in Metropolitan Denver, Colorado; GIH, Gujarati Indians in Houston, Texas; 
JPT, Japanese in Tokyo, Japan; LWK, Luhya in Webuye, Kenya; MXL, Mexican ancestry in Los 
Angeles, California; MKK, Maasai in Kinyawa, Kenya; TSI, Toscani in Italia; YRI, Yoruba in 
Ibadan, Nigeria  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Supplementary Figure 7. Quantile-quantile-plot for PD GWAS with a total of 5,445,841 
SNPs (MAF > 5%) tested for 929 PD patients vs. 935 controls. 
 
 
 
 

 
 
Supplementary Figure 8. LocusZoom plot for PD GWAS SNCA loci. Imputed and genotyped 
variants passing QC in the SNCA gene +/- 100 kb (chr4: 90545250 - 90859466) mapped to 
genome build GRCh37. The variant with lowest p-value (index) is indicated as a purple 
diamond. Marker colors indicate the strength of LD as r^2 between the index variant and other 
variants in the 1000 Genomes EUR population. 



 
 
Supplementary Figure 9. Manhattan plot showing the results from the PD age at diagnosis 
(AAD) GWAS. Data for AAD was available for 792 of 929 PD patients (85.3%) in the cohort 
and the analysis was adjusted for sex and PC1-5. Analysis was run using 5,440,801 variants 
following exclusion of variants with a MAF <5% in the group. 
 

 
Supplementary Figure 10. Quantile-quantile-plot for the PD age at diagnosis GWAS.  
 
 



 
 
Supplementary Figure 11. Manhattan plot showing the result from PD GWA analysis 
following imputation with the TOPMed Imputation Reference panel. A total of 6,214,098 
variants were included in the analysis following post-imputation QC (MAF > 5%, Rsq >0.3). 
 

 
 
Supplementary Figure 12. Quantile-quantile-plot for PD GWAS following imputation with 
the TOPMed Imputation Reference panel and post-imputation QC (MAF > 5%, Rsq > 0.3) 
 



 
Supplementary Figure 13. GenCall scores for genotyped variants (n=92) in PLPP4 ±100 kb 
 

 
 
Supplementary Figure 14. Linkage disequilibrium (LD) plot in the PLPP4 locus. LD 
heatmap showing the LD (D’) between the genotyped variants in the region in the MPBC cohort. 
Note that the location of variants in the heatmap can be shifted relative to the chromosomal 
position. 
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