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health data
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Pascal Petit ® '°<, Francois Berger ®?, Vincent Bonneterre®* & Nicolas Vuillerme'*®

The risk of Parkinson’s disease (PD) associated with farming has received considerable attention, in
particular for pesticide exposure. However, data on PD risk associated with specific farming activities
is lacking. We aimed to explore whether specific farming activities exhibited a higher risk of PD than
others among the entire French farm manager (FM) population. A secondary analysis of real-world
administrative insurance claim data and electronic health/medical records (TRACTOR project) was
conducted to estimate PD risk for 26 farming activities using data mining. PD cases were identified
through chronic disease declarations and antiparkinsonian drug claims. There were 8845 PD cases
among 1,088,561 FMs. The highest-risk group included FMs engaged in pig farming, cattle farming,
truck farming, fruit arboriculture, and crop farming, with mean hazard ratios (HRs) ranging from 1.22 to
1.67. The lowest-risk group included all activities involving horses and small animals, as well as
gardening, landscaping and reforestation companies (mean HRs: 0.48-0.81). Our findings represent a
preliminary work that suggests the potential involvement of occupational risk factors related to farming

in PD onset and development. Future research focusing on farmers engaged in high-risk farming
activities will allow to uncover potential occupational factors by better characterizing the farming
exposome, which could improve PD surveillance among farmers.

Parkinson’s disease (PD) is the most common muscular functioning
disorder and the second most common neurodegenerative disease after
Alzheimer’s disease (AD), which affects millions of adults worldwide'™.
PD has a long prodromal phase (up to several decades), during which
many possible protective and risk factors can contribute to the onset,
development, and/or progression of PD*”. PD is a multifactorial disorder
characterized by complex interactions between genetic, behavioral, and
environmental factors"**'*"". Most individuals diagnosed with PD have
no family history of the disease, since genetics only accounts for 5-10% of
the PD case"*". Some protective (e.g., cigarette smoking)***'*"* and risk
factors (e.g., alcohol consumption)4 are modifiable, while others are not
(e.g., aging and being a male)*". Identifying and understanding these
factors is crucial to developing effective prevention strategies and

interventions™'.

The PD risk associated with farming activities has received consider-
able attention, in particular for pesticide exposure™”'"”, which involves low-
dose cocktail effects'®. The exposure to pesticides and other stressors
(agricultural exposome’’) strongly depends on the type of crops and live-
stock. Because of the broad range of farming activities, it is essential to study
specific farming types that could act as a proxy for distinct agricultural
exposome, as highlighted by several recent works'>'""~"°. However, to our
knowledge, studies examining the association between PD risk and specific
farming activities are limited, with investigations typically covering only
4-18 different types of crops and animal farming'**’. Most of these studies
are not population-based and rely on a case-control design, which is prone
to recall bias. They also focus on limited geographical areas, with few sex-
specific analyses"”". Furthermore, the existing research has primarily been
conducted in France (n = 5)"**, the US (n = 2)**, and Canada (n = 2)**".

"Univ. Grenoble Alpes, AGEIS, 38000 Grenoble, France. 2Univ. Grenoble Alpes, INSERM, Unit 1205, Braintech Lab, 38000 Grenoble, France. *Univ. Grenoble
Alpes, CNRS, UMR 5525, VetAgro Sup, Grenoble INP, CHU Grenoble Alpes, TIMC, 38000 Grenoble, France. “CHU Grenoble Alpes, Centre

Régional de Pathologies Professionnelles et Environnementales, 38000 Grenoble, France. °Institut Universitaire de France, 75000

Paris, France. e-mail: pascal.petit@univ-grenoble-alpes.fr

) Parkinson's
Foundation

npj Parkinson’s Disease | (2025)11:13


http://crossmark.crossref.org/dialog/?doi=10.1038/s41531-024-00864-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41531-024-00864-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41531-024-00864-2&domain=pdf
http://orcid.org/0000-0001-9015-5230
http://orcid.org/0000-0001-9015-5230
http://orcid.org/0000-0001-9015-5230
http://orcid.org/0000-0001-9015-5230
http://orcid.org/0000-0001-9015-5230
http://orcid.org/0000-0001-7221-0718
http://orcid.org/0000-0001-7221-0718
http://orcid.org/0000-0001-7221-0718
http://orcid.org/0000-0001-7221-0718
http://orcid.org/0000-0001-7221-0718
mailto:pascal.petit@univ-grenoble-alpes.fr
www.nature.com/npjparkd

https://doi.org/10.1038/s41531-024-00864-2

Article

French studies include two nationwide ecological studies'®* as well as one

case-control study”, one cross-sectional study’, and one prospective
cohort”, which were limited geographically. To complement these studies,
large-scale administrative health data can be used. Administrative health
data does not require additional time or effort for data collection and is
population-based, with large sample sizes spanning multiple years” .

This study aimed, for the first time, to explore, using data mining and
nationwide administrative health data, whether and to what extent specific
farming activities exhibited a higher risk of PD than others, both overall and
by sex category, among the entire French farm manager (FM) population. A
EM refers to an individual who owns and/or oversees a farm (farm/company
managers, owners, and self-employed persons) while performing a broad
range of activities directly in the field (e.g., pesticide application, tractor
driving, harvesting, or milking)”.

Results

Population characteristics

There were 1,088,561 FMs, among which 8845 FMs were identified as PD
cases in the main analysis (Supplementary Table 1), resulting in an incidence
rate of 0.28 [95% CI: 0.27-0.29] PD cases per 1000 persons-years, with 0.40
[0.38-0.41] cases per 1000 persons-years for males and 0.24 [0.23-0.25]
cases per 1000 persons-years for females (Supplementary Table 2). All PD
cases had a drug reimbursement, while only 3034 (34%) had a LTI (long-
term illness) declaration and 317 (4%) had an ODC declaration (occupa-
tional disease covered under workers’ compensation statutes) for PD
induced by pesticide exposure (Supplementary Table 3). Overall, FMs with
PD were older than FMs without PD (mean age of 55 years old vs. 47 years
old) (Table 1).

PD risk associated with farming activities

Associations varied by types of crops and animal farming (Table 2, and
Supplementary Table 4). Elevated HRs were observed for fruit arboriculture
(HR =1.35[1.08-1.68]), pig farming (HR = 1.39 [1.16-1.68]), dairy farming
(HR = 1.48 [1.40-1.57]), mixed cattle farming (HR = 1.58 [1.41-1.46]), and
crop farming (HR = 1.67 [1.53-1.82]) (Table 2). Modestly elevated HR were
found for cow farming (HR = 1.22 [1.14-1.30]), truck farming (HR = 1.22
[1.09-1.36]), and unspecified and mixed farming (HR = 1.09 [1.02-1.16]).
A positive trend was observed in viticulture (HR = 1.07 [0.94-1.21]) and
ovine and caprine farming (HR = 1.07 [0.96-1.20]) (Table 2).

By contrast, the lowest-risk group included FMs engaged in gardening,
landscaping and reforestation companies (HR =0.81 [0.69-0.95]), small
animal farming (HR = 0.51 [0.39-0.67]), training, dressage and riding clubs
(HR =0.49 [0.35-0.71]), stud farming (HR = 0.48 [0.37-0.63]), and rural
craftsperson (HR=0.14 [0.06-0.34]) (Table 2). Most activities did not
exhibit any sex difference, with the exception of viticulture and stud farming
(Supplementary Table 5). In viticulture, male FMs (HR = 1.23 [1.05-1.43])
had a more elevated HR than females (HR =0.89 [0.72-1.11]) (Supple-
mentary Table 5).

All sensitivity analyses yielded similar results to the main analysis
(Fig. 1, Supplementary Table 4). There were a few exceptions. When
excluding PD cases diagnosed in 2012 (SA1), the positive association with
fruit arboriculture disappeared (Supplementary Table 4). Regarding the
sensitivity analysis for which PD cases were solely identified using ODC
declaration for PD induced by pesticide exposure (SA2), positive associa-
tions were found only for pig farming (HR = 2.47 [1.31-4.64]), mixed cattle
farming (HR=2.14 [1.37-3.33]), viticulture (HR=1.65 [1.15-2.38]),
unspecified and mixed farming (HR = 1.42 [1.05-1.93]), and dairy farming
(HR = 1.32 [0.99-1.77]) (Supplementary Table 4).

The bar plot consists of two panels. The left panel shows the main
analysis, with each bar representing the negative log-transformed adjusted
p-value (x-axis) for each farming activity (y-axis). Red bars indicate a higher
PD risk (hazard ratio > 1), green bars a lower PD risk (hazard ratio < 1), and
white bars denote activities where the hazard ratio 95% confidence interval
includes 1. Vertical dashed lines mark the —log10 (0.05) threshold. The right
panel presents a stacked bar plot showing the percentage of sensitivity

analyses out of 17 (x-axis) in which each farming activity (y-axis) was
associated with higher (red), lower (green), or unchanged PD risk (white).
Please refer to the Supplementary materials for more details about sensitivity
analyses.

All analyses adjusted for sex (for “both sexes” only), age, farm estab-
lishment year, median farm surface, number of associates, unemployment
status, farm count, family status, partner employment status, farm location,
number of comorbidities, and performing a secondary activity.

Discussion

For the first time, the association between PD risk and multiple farming
activities was examined, overall and by sex category, in the entire French FM
population using data mining and large-scale real-world administrative
health data. As suspected, the association between the risk of PD and
farming highly varied depending on the activity considered, with a 3.4-fold
range observed between the lowest and highest HRs. The highest-risk group
included FMs engaged in pig farming, cattle farming, fruit arboriculture,
viticulture, truck farming, and crop farming, while the lowest-risk group
included all FMs engaged in activities involving horses and unspecified
small animal farming, but also gardening, landscaping and reforestation
companies. This PD risk heterogeneity suggests that part of the risk may
possibly be attributable to specific farming practices, with a few sex-specific
PD risks that could denote differences in occupational exposures and tasks
between males and females, as previously suggested”. Potential hormonal
disparities may also have played a role because several studies suggest a
possible protective effect of female sex hormones (especially estrogen)’'~**.
However, this study is only a preliminary work, which highlights the need
for further research.

FMs with PD were older than FMs without PD, which is consistent
with the literature as PD affects people late in life, usually starting after 50
years old**”*". In line with previous works, the PD incidence rate increased
with age, was higher for males than females**”'**', and was consistent with
those of the entire French population™ and other studies**”*.

During farming activities, FMs can be exposed to numerous envir-
onmental co-occurring contaminants (agricultural exposomes)”, some of
which could be implicated in PD. Of particular interest are pesticides, which
are used to protect crops and livestock from pest infestations and
diseases'*”. Numerous studies have reported an association between pes-
ticide exposure and PD, but results are often inconsistent and limited, in
particular for specific pesticide compounds, probably because of the large
number of different pesticides each FM used throughout his/her
career>*'*'>%% The paraquat herbicide'>***, 2,4-D herbicide’**", triazine

(atrazine) herbicides™*****, rotenone insecticide'****"*>*,  fipronil
insecticide™*”!, organophosphates (OPs)*>***, organochlorines*"******¥,
pyrethroids*****, as well as the fungicides maneb'****’, mancozeb'*", and
ziram”'*"** are among the most frequently incriminated pesticides.

While the pesticides used may sometimes be common between
farming types, their amount, frequency, intensity, and mode of application
also strongly vary and change over time'*'*”". For instance, there is a higher
use of pesticides in truck farming, crop farming, fruit arboriculture, and
viticulture than in other farming activities'*. Farms specialized in orchards
rank first in terms of insecticide use, whereas viticulture uses mostly fun-
gicides, and cereal crop farming employs insecticides, herbicides, and fun-
gicides, but with lower frequency and intensity'**. Regarding the treatment
of ectoparasites in animal husbandry, OP insecticides have preferentially
been used on animals since the 1970s", replacing the organochlorine
insecticide lindane, before being substituted by pyrethroids and sometimes
oral medications only (ivermectine). Hence, the farming type is a proxy of
agricultural exposure that is easier to assess than specific pesticides” and
may better reflect the agricultural exposome™, for which pesticide associa-
tion plays a pivotal role, with a low-dose cocktail effect'.

Several French studies reported an association between PD and pes-
ticide use and pesticide expenditures in vineyards'®” or in regions with a
greater presence of vineyards, cereal farming, fruit crops, fresh vegetable
farming, and pig farming™**'". Another French study (prospective cohort
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Table 1 | Baseline characteristics of the study population,
TRACTOR project, France, 2012-2016

Table 1 (continued) | Baseline characteristics of the study
population, TRACTOR project, France, 2012-2016

FM without PD
(n=1,079,716)

FM with
PD (n = 8845)

FM without PD
(n=1,079,716)

FM with
PD (n = 8845)

Main characteristics

n (%)

n (%) [overall %°]

Sex

Male

745,798 (69.1)

5500 (61.2) [0.73]

Female

333,918 (30.9)

3345 (38.8) [0.99]

Age at baseline: 2012/01/01 (years)

Mean (SD) [min-max]

46.5 (14.1) [18-96]

55.8
(12.6) [34-93]

Family status

Two activities during the
observation period

101,735 (9.42)

704 (7.96) [0.69]

At least three activities during
the observation period

6647 (0.62)

25 (0.28) [0.37]

Lack of job security

Has never been unemployed
during the observation period

1,077,605 (99.8)

8838 (99.9) [0.81]

Has been unemployed during
the observation period

2111 (0.2)

7 (0.08)[0.33]

Single 465,923 (43.2) 3087 (34.9) [0.66] Median yearly insurance premium (euros)
As a couple 613,793 (56.8) 5758 (65.1) [0.93] Median (IQR) 5166 (40818) 4592 (40877)
First year of the farm’s establishment Employees
Median (IQR) 1994 (39) 1990 (39.9) No employee 783,007 (72.5) 7137 (80.7) [0.90]
Farm surface (expressed in hectares) At least one employee 296,709 (27.5) 1708 (19.3) [0.57]
Median (IQR) 1.64 (14.0) 1.93 (14.1) Work status
Farm location (region) Working as a farm manager 814,203 (75.4) 6544 (74) [0.80]
Auvergne-Rhone-Alpes 116,588 (10.8) 840 (9.5) [0.72] Working as a solidarity 265,513 (24.6) 2301 (26) [0.86]
contributor*
Bourgogne-Franche-Comté 65,323 (6.05) 541 (6.12) [0.82]
Retirement status
Bretagne 80,791 (7.48) 511 (5.78) [0.63]
- Did not retired before the 761,653 (70.5) 2808 (31.7) [0.37]
Centre - Val de Loire 49,424 (4.58) 410 (4.64) [0.82] disease diagnosis or end of
Corse 5296 (0.49) 30 (0.34) [0.56] follow-up
Grand Est 81,022 (7.5) 732 (8.28) [0.90] Retired before the disease 318,063 (29.5) 6037 (68.3) [1.86]
diagnosis or end of follow-up
Hauts-de-France 47,908 (4.44) 490 (5.54) [1.01]
- Pre-existing disability
lle-de-France 13,978 (1.29) 106 (1.2) [0.75]
- Did not become disabled 1,075,485 (99.6) 8657 (97.9) [0.80]
Normandie 79,917 (7.4) 721 (8.1 5) [0.89] before the disease diagnosis
Nouvelle-Aquitaine 178,771 (16.6) 1612 (18.2) [0.89] or end of follow-up
Occitanie 165,387 (15.3) 1438 (16.3) [0.86] Became disabled before the 4231 (0.39) 188 (2.13) [4.25]
N - disease diagnosis or end of
Provence-Alpes-Céte d’Azur 113,201 (10.5) 852 (9.63) [0.75] follow-up
Pays de la Loire 82,110 (7.6) 562 (6.35) [0.68] Number of pre-existing comorbidities (long term illness)

Number of farms

1 farm

1,053,455 (97.6)

8655 (97.9) [0.81]

>1 farm

26,261 (2.43)

190 (2.15) [0.72]

Farm type (farm clustering)

Individual farm

750,001 (69.5)

6587 (74.5) [0.87]

Farm with work partners

329,715 (30.5)

2258 (25.5) [0.68]

Partner work status

Perform task to help farm
manager

126,923 (11.8)

1328 (15) [1.04]

Do not perform task to help 952,793 (88.2) 7517 (85) [0.78]
farm manager

Number of associates
0 829,228 (76.8) 7004 (79.2) [0.84]
>1 250,488 (23.2) 1841 (20.8) [0.73]

Secondary farming activity”

No secondary farming activity
performed in in parallel to a
main activity

678,780 (62.9)

7810 (88.3) [1.14]

At least one farming activity
performed in in parallel to a
main activity

400,936 (37.1)

1035 (11.7) [0.26]

Number of different yearly activities performed

Only one activity during the
observation period

971,334 (90.0)

8116 (91.8) [0.83]

0 comorbidity before the
disease diagnosis or end of
follow-up

704,914 (65.3)

4602 (52) [0.65]

1 comorbidity before the
disease diagnosis or end of
follow-up

214,432 (19.9)

2464 (27.9) [1.14]

>1 comorbidity before the
disease diagnosis or end of
follow-up

160,370 (14.9)

1779 (20.1) [1.10]

Note: FM farm manager, /QR interquartile range, PD Parkinson’s disease, SD arithmetic standard

deviation.

“Percentage of PD cases among all FMs with PD.

®Percentage of PD cases among all FMs with the given characteristics.

A secondary farming activity is defined as a farming activity (e.g., grassland farming) that a FM can
perform in addition to its main activity (e.g., ovine farming). The nature of the secondary activity is

however unknown.

*FMs who farm on a small surface (<12.5 ha) or who works less than 1200 h/year.

AGRICAN), including both FMs and farm workers from 13 French
departments using self-administered questionnaires, reported that lifelong
pesticide use was associated with an increased risk of PD in all types of
activities (e.g., cattle, crop farming)". This study, which included 1732 PD
cases, also found positive associations between PD and farmers exposed to
insecticides on animals, which were particularly strong for pig farming. A
Canadian case-control study with 403 PD cases reported a higher PD risk for
ever-occupational contact with cattle and found a positive trend for swine™.
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Table 2 | Risks of Parkinson’s disease by agricultural activity, TRACTOR project, France, 2012-2016

Farming activity Sex Study population PD’ Unexposed HR [95% CI]* P adj. p
no. (%) no. (%) PD no.
Crop farming (e.g., wheat, corn, and industrial Both sexes 317,458 (29.2) 2998 5847 1.67 [1.563-1.82] 5.0e—-30 2.7e—29
grower) (33.9)
Female 106,016 (31.4) 1238 2107 1.74[1.50-2.02] 3.4e-13 4.3e-13
(37.0)
Male 211,442 (28.1) 1760 3740 1.67 [1.50-1.87] 3.5e—-20 9.6e—20
(32.0)
Mixed cattle farming Both sexes 31,309 (2.88) 324 (3.66) 8521 1.58 [1.41-1.76] 1.3e—15 2.1e—14
Female 8206 (2.43) 116 (3.47) 3229 1.72[1.43-2.07] 1.1e-08 3.0e-8
Male 23,103 (3.08) 208 (3.78) 5292 1.47[1.28-1.69] 7.0e—8 1.5e—-07
Dairy farming Both sexes 162,906 (15.0) 1412 7433 1.48[1.40-1.57] 5.8e—40 3.2e—39
(16.0)
Female 50,385 (14.9) 532 (15.9) 2813 1.45[1.32-1.59] 2.4e-14 3.6e—14
Male 112,521 (15.0) 880 (16.0) 4620 1.45[1.35-1.56] 6.5e—23 2.4e-22
Pig farming Both sexes 13,760 (1.26) 111 (1.25) 8734 1.39[1.16-1.68] 5.2e—04 1.5e—03
Female 3948 (1.17) 42 (1.26) 3303 1.62[1.19-2.20] 1.9e-03 4.4e-03
Male 9812 (1.31) 69 (1.25) 5431 1.25[0.99-1.59] 0.06 0.07
Cow farming Both sexes 113,244 (10.4) 1015 7830 1.22[1.14-1.30] 6.0e—9 2.0e-7
(11.5)
Female 33,603 (9.96) 371 (11.1) 2974 1.23[1.11-1.37] 1.6e-04 4.8e—04
Male 79,641 (10.6) 644 (11.7) 4856 1.20[1.10-1.30] 2.0e-5 1.1e-04
Truck farming, floriculture/flower-growing Both sexes 43,684 (4.01) 312(3.53) 8533 1.22[1.09-1.36] 6.5e—04 4.2e—03
Female 13,350 (3.96) 122 (3.65) 3223 1.32[1.10-1.58] 3.0e-3  9.6e—03
Male 30,334 (4.04) 190 (3.45) 5310 1.16[1.00-1.34] 0.05 0.06
Fruit arboriculture Both sexes 25,090 (2.30) 201 (2.27) 8644 1.35[1.08-1.68] 8.9e—03 0.03
Female 7981 (2.37) 67 (2.00) 3278 1.34[0.91-2.02] 0.12 0.15
Male 17,109 (2.28) 134 (2.44) 5366 1.36 [1.04-1.79]  0.02 0.05
Unspecified and mixed farming (e.g., polyculture, Both sexes 129,013 (11.9) 1013 7832 1.09 [1.02-1.17] 9.2e—-03 0.04
mixed farming, diversified farming) (11.5)
Female 39,914 (11.8) 396 (11.8) 2949 1.11[1.00-1.23] 0.06 0.09
Male 89,099 (11.9) 617 (11.2) 4883 1.07[0.98-1.16] 0.13 0.17
Viticulture Both sexes 122,713 (11.3) 1169 7676 1.07[0.94-1.21] 0.3 0.31
(13.2)
Female 43,370 (12.9) 492 (14.7) 2853 0.89[0.72-1.11] 0.24 0.30
Male 79,343 (10.6) 677 (12.3) 4823 1.23[1.05-1.43] 9.2e-03 0.03
Ovine and caprine farming Both sexes 49,061 (4.51) 330(3.73) 8515 1.07 [0.96-1.20] 0.2 0.65
Female 17,529 (5.20) 118 (3.53) 3227 0.96 [0.80-1.15] 0.64 0.82
Male 31,532 (4.20) 212 (3.85) 5288 1.15[1.00-1.32] 0.05 0.65
Wood production (e.g., lopping) Both sexes 11,431 (1.05) 55 (0.62) 8790 1.11[0.85-1.44] 0.46 0.79
Female 303 (0.09) 2 (0.06) 3343 Not calculated
Male 11,128 (1.48) 53 (0.96) 5447 1.18[0.90-1.55] 0.23 0.52
Garden center/tree nursery Both sexes 5418 (0.50) 33 (0.37) 8812 1.09[0.78-1.54] 0.61 0.79
Female 1438 (0.43) 6(0.18) 3339 0.66 [0.30-1.48] 0.31 0.79
Male 3980 (0.53) 27 (0.49) 5473 1.28[0.88-1.87] 0.2 0.79
Poultry and rabbit farming Both sexes 25,863 (2.38) 124 (1.40) 8721 0.90[0.75-1.07] 0.24 0.92
Female 10,196 (3.02) 53 (1.58) 3292 0.87[0.66-1.14] 0.3 0.92
Male 15,667 (2.09) 71(1.29) 5429 0.91[0.72-1.15]  0.43 0.92
Unspecified large animal farming (e.g., Both sexes 3020 (0.28) 16 (0.18) 8829 1.15[0.70-1.87] 0.58 0.75
et 127 Female 1458 (0.43) 6(0.18) 3339 0.82[0.37-1.83] 0.63 075
Male 1562 (0.21) 10(0.18) 5490 1.45[0.78-2.70] 0.24 0.75
Agricultural work companies (e.g., pesticide Both sexes 15,635 (1.44) 60 (0.68) 8785 0.90[0.70-1.16] 0.4 1.0
SRS, SR R I Female 1887 (0.56) 7021 3338 0.77 [0.37-1.61] 0.49 1.0
Male 13,748 (1.83) 53 (0.96) 5447 0.94[0.72-1.23] 0.65 1.0
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Table 2 (continued) | Risks of Parkinson’s disease by agricultural activity, TRACTOR project, France, 2012-2016

Farming activity Sex Study population PD’ Unexposed HR [95% CI] P adj.p
no. (%) no. (%) PD no.
Sylviculture/forestry (e.g., thinning, pruning) Both sexes 2166 (0.20) 16 (0.18) 8829 1.10[0.68-1.80] 0.7 0.96
Female 361 (0.11) 6(0.18) 3339 1.57 [0.71-3.50]  0.27 0.68
Male 1805 (0.24) 10(0.18) 5490 1.00 [0.54-1.85]  0.99 1.0
Company representative/authorized Both sexes 1935 (0.18) 9(0.10) 8836 1.22[0.64-2.35] 0.55 0.64
RRSSStatie Female 1500 (0.45) 7(021) 3338 1.20[0.57-2.52]  0.63 0.69
Male 435 (0.06) 2(0.04) 5498 Not calculated
Unspecified specialized farming (e.g., herbs, Both sexes 6671 (0.61) 29 (0.33) 8816 0.82[0.57-1.18] 0.28 0.6
mushrooms) Female 2438 (0.72) 9(0.27) 3336 0.63[0.33-1.22] 0.17 05
Male 4233 (0.56) 20 (0.36) 5480 0.93[0.60-1.45] 0.75 0.89
Stationary sawmill (e.g., edging, trimming, Both sexes 791 (0.07) 6 (0.07) 8839 1.24 [0.56-2.76] 0.6 0.72
CLEE ) CE 2] Female 55 (0.02) 0(0) 3345 Not calculated
Male 736 (0.10) 6(0.11) 5494 1.41[0.63-3.14] 0.4 0.6
Shellfish farming (e.g., oyster farming, scallop Both sexes 3825 (0.35) 12 (0.14) 8833 0.65[0.37-1.15] 0.14 0.59
CLERIC) Female 736 (0.22) 3(0.09) 3342 0.71[0.23-2.21] 056 0.65
Male 3089 (0.41) 9(0.16) 5491 0.67[0.35-1.29] 0.23 0.59
Salt works/salt evaporation pond Both sexes 980 (0.09) 3(0.03) 8842 0.59[0.19-1.83] 0.36 0.48
Female 220 (0.07) 1(0.03) 3344 Not calculated
Male 760 (0.10) 2 (0.04) 5498 Not calculated
Gardening, landscaping and reforestation Both sexes 49,177 (4.52) 150 (1.70) 8695 0.81 [0.69-0.95] 0.01 0.05
companies Female 2562 (0.76) 10(0.30) 3335 0.91[0.49-1.70] 0.77 0.88
Male 46,615 (6.20) 140 (2.55) 5360 0.88[0.74-1.04] 0.13 0.27
Unspecified small animal farming (e.g., frogs, Both sexes 19,984 (1.84) 54 (0.61) 8791 0.51[0.39-0.67] 7.7e—07 1.9e-05
el 22 Female 8632 (2.56) 18(0.54) 3327 0.39[0.25-0.62] 7.3e—05 3.3e—04
Male 11,352 (1.51) 36(0.65) 5464 0.59 [0.43-0.82] 1.7e-03 2.7e—03
Stud farming Both sexes 17,269 (1.59) 53 (0.60) 8792 0.48 [0.37-0.63] 1.3e—07 7.6e—07
Female 7486 (2.22) 13 (0.39) 3332 0.28 [0.16-0.48] 4.8e—06 1.4e—05
Male 9783 (1.30) 40 (0.73) 5460 0.64 [0.47-0.87] 4.5e—03 7.9e—03
Training, dressage, riding clubs Both sexes 14,979 (1.38) 30 (0.34) 8815 0.49 [0.35-0.71] 1.2e—-04 2.5e-03
Female 6687 (1.98) 7(0.21) 3338 0.29 [0.14-0.60] 9.6e—04 4.8e—03
Male 8292 (1.10) 23 (0.42) 5477 0.63 [0.42-0.95] 0.03 0.05
Rural craftsperson (e.g., mason, mechanics) Both sexes 7696 (0.71) 5(0.06) 8840 0.14[0.06-0.34] 1.3e—05 2.0e-5
Female 283 (0.08) 0(0) 3345 Not calculated
Male 7413 (0.99) 5(0.09) 5495 0.15[0.06-0.36] 2.1e—05 3.0e-5

Abbreviations: PD Parkinson’s disease, HR hazard ratio, m number of exposed PD cases, p p-value, adj. p p-value adjusted using the Benjamini-Hochberg approach.
“The percentages in brackets refer to the ratio of exposed PD cases in the study population to the total number of PD cases in the overall population.
"Main analysis: adjusted for sex (for “both sexes” only), age, the first year of the farm’s establishment, farm surface, number of associates, unemployment status, total number of farms, family status, partner

work status, farm location, number of comorbidities, and having a secondary farming activity.

Regarding animal farming, FMs can also be exposed to pesticides from
animal manure and feeds, in particular for cattle and pigs'**, such as die-
thyltoluamide (35%), a repellent that has been implicated with PD'"".

Interestingly, our findings for PD are different than those from a
previous study conducted in the same population examining AD risk, in
which only three farming activities were found to have a higher risk of AD
(crop farming, fruit arboriculture, and viticulture), while all animal farming
activities exhibited a lower risk of AD*. This could suggest that different
exposome and potentially pesticides with different mechanisms could be
involved. One possibility could be that the site of initial misfolding events
differs between both neurodegenerative diseases. The Braak and dual-hit
hypotheses posit that PD may first initiate in the olfactory structures
(olfactory bulb) and the gut enteric nerves (gut-to-brain pathway)”**”.
Hence, pesticides could gain access to the brain via the olfactory pathway or
the vagus nerve, which could eventually trigger the spread of PD by a

templating mechanism in a prion-like manner™’. In contrast to PD, AD
does not seem to be affected by the olfactory pathways™*.

The cocktail effect, involving a low-dose mixture of pesticides, is now
considered a pivotal physiopathological issue'®. It makes classical epide-
miological study very challenging. Recently, large-scale screening on
dopaminergic cells demonstrated the involvement of 53 pesticides and the
impact of specific mixtures on PD'’. These in vitro studies are not fully
relevant for the in vivo occupational situation, as it is not known if these
compounds can reach the dopaminergic cells in the brain and also what the
relevant dose is associated with neurodegeneration®'. Our finding of specific
farming activities associated with higher PD risk probably reflects specific
mixtures of pesticides and environmental factors (agricultural exposomes).
It suggests that “real-life screening” should be synergistically associated with
this new field of diseases”**. The chemical exposome™*’ needs to be better
objectified in the future, using biological exposure monitoring (e.g., urine,
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Main analysis

Sensitivity analyses (SAs)

Dairy farming g 385 588 94.1
Crop farming (e.g., wheat, corn, and industrial grower) = 286 5.88] 94.1
Mixed cattle farming ’g 100
Cow farming 2 598 94.1
Pig farming g : 100
Truck farming, floriculture/flower-growing : 17.6 ‘ 82.4
Fruit arboriculture- 204 | 706
Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming) 204 I 706
Viticulture. 58.8 412
Salt works/salt evaporation pond 100
Shellfish farming (e.g., oyster farming, scallop aquaculture) H i 0.23 235 ‘ 765
Unspecified specialized farming (e.g., herbs, mushrooms) 100
Company representative/authorized representative 100
Ovine and caprine farming 019 100
Stationary sawmill (e.g., edging, trimming, decking, debarking) i toa 100
Unspecified large animal farming (e.g., ostrich, llama) 0.13 100
Garden centerftree nursery i ioa 94.1 [s.88
Wood production (e.g., lopping) 0.1 94.1 ‘5 88
Poultry and rabbit farming 1| to.0a 5.88 94.1
Sylviculture/forestry (e.g., thinning, pruning) i i 0.02 94.1 ‘5.55
Agricultural work companies (e.g., pesticide applications, harvest reaping) o O elevated HR 100
Gardening, landscaping and reforestation companies 13 s [T reduced HR 706 ‘ 204
Training, dressage, riding clubs 26 | w 70.6 ‘ 29.4
Rural craftsperson (e.g., mason, mechanics)] 4.7 | 1| | g 64.7 | 353
Unspecified small animal farming (e.g., frogs, snails, bees)| 4.72| | i" 94.1 5.88
Stud farming | 6.12 T 94.1 5.88
10 10 20 30 40 25 50 75 100
-log10(adjusted p-value) Percentage of SAs

Fig. 1 | Farming activities and risks of PD, TRACTOR project, France, 2012-2016. Comparison of primary and sensitivity analyses.

blood, hair, or fat tissues) to help in the identification of specific mixtures of
pesticides or environmental cocktails involved in PD neurodegeneration®"®.

The microbiota is today hypothesized to play a key role in PD*. Changes
in gut microbiota can generate pro-inflammatory mediators and alpha-
synuclein aggregation, which can be transported from the enteric nervous
system to the brain via the vagus nerve (“Gut-Brain axis”). Some pesticides
can disrupt the nasal and gut microbiome, cause mitochondrial dysfunction,
affect lysomal function, or exert neurotoxic effects, in particular pesticides
composed of heavy metals such as manganese, zinc, aluminum, copper, and
mercury™'*'**. For instance, several fungicides contain metals, such as maneb
(containing manganese), ziram (containing zinc), mancozeb (containing
both zinc and manganese), or the Bordeaux mixture (containing copper), that
were/are used in viticulture, crop, and fruit farming'*®. Exposure to some
pathogenic bacteria can cause epigenetic changes in several PD risk factor
genes”'. The microbiome of farmers, and in particular livestock breeders, is
completely altered by their specific occupational exposure, as shown by
numerous studies conducted mainly in pig breeders® . Contact with ani-
mals during breeding activities is associated with changes in the dermal, nasal,
and gut microbiota, as the microbiome of the upper respiratory track is then
swallowed. In particular, it has been shown that the microbiome and resis-
tome of farmers are very similar to those of their animals™”".

Contact with animals can also expose FMs to zoonotic agents and
endotoxins™""?, in particular Mycobacterium avium ss. paratuberculosis
(MAP), which could start as an enteric infection via the vagus nerve, as
hypothesized by one study”. Cattle farmers were also found to have a higher
risk of both hypothyroidism and hyperthyroidism'” but also inflammatory
bowel disease’, which have been associated with PD risk®*"”.

Previous studies found evidence that alpha-synuclein’s activities can be
affected by polystyrene and other particles found, for instance, in micro-
plastics (MPs) and nanoplastics (NPs)"*””. MPs/NPs represent emerging
environmental pollutants, with up to 430,000 tons of MPs potentially
entering agricultural fields annually in Europe’””. Pesticides and other toxic
agents (e.g., infectious agents) can bind NPs that can act as carriers to
facilitate blood-brain barrier crossing based on the “Trojan Horse” effect™*".
There are many possible sources of MPs/NPs contamination in agriculture.
Direct contamination sources include plastic mulching, the cover of plastic
greenhouses, or polymer-based fertilizers””. Indirect sources of con-
tamination include the application of biosolids, the application of compost,
or irrigation with waste-treated water””.

Our study is the first to focus on the entire FM population. Strengths of
our study include the largest sample of FMs ever studied, its population-
based and nationwide design, the large number of exposed PD cases, sex-
specific analyses, adjustments to several potential confounders (sex, age,
geographical area, farm surface), as well as the wide range of agricultural
exposures with detailed information on 26 farming activities. In addition,
contrary to case control studies or studies using declarative data, the
administrative nature of our data (farming type as a means of assessing
exposure) was not prone to recall bias, which could have led to exposure
misclassification"'*. We chose to use a time-on-study approach instead of
using age as timescale because several studies suggest that time-on-study
models may be preferable, as they perform at least as well as left-truncated
age scale models*™**. Additionally, they tend to be more robust against
misspecification of the underlying time scale and generally offer better
predictive ability*™*".

Our findings need to be considered in light of some limitations. First,
the administrative nature of available data, which is characterized by a lack
of accurate information on confounders and precise dates of disease
onset*”’. Indeed, the date of diagnosis or first treatment does not equate to
the date of disease, in particular because there are no specific tests to detect
PD and because individuals are most commonly diagnosed years after
symptom onset once the motor symptoms (e.g., freezing of gait) set in .
Potential PD case misidentification cannot be excluded because PD cases
were identified with either the date of LTI declaration, ODC declaration, or
first treatment reimbursement. However, diagnostic misclassifications are
unlikely to depend on the farming type'®, and several sensitivity analyses
were conducted to address this bias, which yielded consistent results
(Supplementary material). Clinical information on PD FMs (e.g., severity
scales, non-motor symptoms, disease phenotypes) as well as genetic infor-
mation (from both causal and at-risk genetic variants) were not available.
This prevented us from accounting for these factors in the analysis, which is
alimitation. Indeed, given the complex nature of PD, which is characterized
by a dynamic interplay between genes and the environment, some genetic
variants (e.g., ABCBI1) may increase susceptibility to pesticide exposures
associated Wlth PDI(),I1,15,34,3‘5,53,56,8‘5.

Because of the administrative nature of our data, some potential con-
founding factors of interest (e.g., cigarette smoking, genetic information, use
of protective equipment) were not available'”**"*. This could represent a bias
if their absence confounds or masks the genuine relationship between
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farming activities and PD. This is particularly true for cigarette smoking,
which is a protective factor in PD***'*'***, Even though FMs have the lowest
smoking prevalence in the French population, some of the differences
observed may be associated with smoking because the prevalence of active
smoking varies from one farming activity to another®*”. To address this
bias, we conducted a sensitivity analysis, which yielded consistent results
(Supplementary material). The possibility of residual confounding cannot
be excluded because some farming activities are highly heterogeneous in
nature, with, for instance, crop and fruit farming that involve a broad range
of practices/tasks and pesticide usage depending on the type of crop (e.g.,
cereal, potatoes, barley, wheat) or fruit (e.g., walnut, apple). Residual con-
founding due to environmental exposure (e.g., air pollution in regions with a
high density of industrial plants) should be limited because we adjusted for
farm locations. While specific chemical, physical, or biological exposures
were not available, farming activity serves as a relevant proxy for agricultural
exposure that is easier to assess than specific pesticides or stressors'>'**">.,
To address this limitation and complement this study, job and crop expo-
sure matrices could refine exposure estimates by enabling cumulative
exposure indexing for pesticides, heavy metals, and organizational
factors**>. Undertaking such a task, which is beyond the scope of this study,
would present major challenges, as it entails navigating various potential
biases and limitations that must be carefully considered and addressed. The
farming activity coding system used by Mutualité Sociale Agricole (MSA) is
not an international classification, which may hinder the transcoding pro-
cess. Some farming activities (e.g., crop farming) may be too broad (not
descriptive enough) to allow for an accurate exposure assessment using crop
or job exposure matrices. Finding relevant crop or job exposure matrices is
also challenging due to the lack of a gold standard™. In addition, crop or job
exposure matrices have also some limitations that may bias risk estimates,
such as an heterogeneity in performance depending on the exposure and
outcome of interest as well as the assumption of homogeneity within jobs/
categories®**”*, Ideally, the crop or job exposure matrix should define
each farming activity as specifically as possible, with exposure estimates
given for a minimal combination of the year, country, region, sex, work
status (e.g., FMs or farm workers), and farming activity. However, to the best
of our knowledge, such matrices do not exist, at least not in France. Because
farming practices can differ from a country to another, as well as within
countries, it is important to use crop and job exposure matrices that are
comparable to the population studied. To our knowledge, no French job
exposure matrix has been specifically designed for farming. Consequently,
several crop or job exposure matrices would have to be used. However, each
crop or job exposure matrix is created by potentially different experts, aims,
and methodologies, which could make them not easily comparable and
compatible with one another®*"** In France, there are several crop and
job exposure matrices, in particular Matgéné® and Pestimat®. For
Matgéné™, exposure to pesticides is not provided, exposure estimates are not
available for each sex and for each region, and exposure probabilities are
provided as ranges. While French activity nomenclature (NAF) codes are
available in both Matgéné™® and MSA data, NAF codes from MSA are,
however, not reliable due to their declarative nature and non-evolving
nature (i.e., rarely updated). Regarding Pestimat*®, only exposure to pesti-
cides is available, but not for the entire France and not for all types of crops°7.
Exposure estimates are not available for each sex and for each region. In
addition, exposure estimates are only known for crop, vegetable, and fruit
farming activities. However, pesticides, and in particular insecticides, are
used in animal farming as well’. Moreover, the farming activities (e.g., crop
farming) in MSA data are too broad compared to the information from
Pestimat®® (e, g., potato farming), which would force us to consider that each
crop farmer, regardless of the crops, is exposed to the same pesticides, which
would introduce bias and exposure misclassification. Linking crop and job
exposure matrices with MSA data is an issue that deserves to be explored in
the future, as highlighted by a previous work™. Standardizing or developing
new matrices tailored to French agriculture is therefore essential. Another
perspective would be to investigate whether FMs engaged in various farming
activities have a higher PD risk compared to a non-farming population.

Because occupational data was only available between 2002-2016 and
because the average age at baseline was 47 years old, the exposure char-
acterization only took into account the most recent half of the individuals’
careers. However, FMs have a relatively stable career because most FMs
(90%) never changed their main activity between 2002-2016. Hence, the
impact of this bias should be limited. The generalizability of our findings
may be limited as farming practices and risk factors can differ between
countries and populations (e.g., farm workers, FMs).

Our findings represent a preliminary work that suggests the potential
involvement of occupational risk factors related to farming in PD onset and
development. Our study could guide future research aiming to examine
such factors by identifying vulnerable populations and potential research
avenues. Future work should focus on farmers engaged in high-risk farming
activities (i.e., pig farming, crop farming, cattle farming, mixed farming,
viticulture, truck farming, and fruit arboriculture) to better characterize
their exposome and potential association with PD because the combined
exposure to multiple stressors (e.g., cocktail effect) may result in a synergistic
adverse effect on PD risk, as alluded to by several studies in the literature.
Confirmation of our findings in longitudinal studies and in other countries
would also be valuable.

Methods

Data source

A secondary use of routinely collected data from Mutualité Sociale Agricole
(MSA), the unique social security scheme of all French farmers, available to
the TRACTOR (Tracking and monitoring occupational risks in agriculture)
project was conducted'”**"**%,

Insurance claim data routinely collected through the completion of
mandatory forms by FMs on an annual basis from 2002 to 2016 was
available. These claims provide information on sociodemographic (e.g.,
age, sex, family status), farm characteristics (e.g., farm surface), and
farming activities. Farming activities are coded into 26 categories (e.g.,
pig farming, viticulture) by MSA following a national thesaurus defined
by French laws™.

Electronic health/medical records from 2012-2016 were also available.
These records provide information on declared chronic illnesses (LTIs),
such as PD (LTI n°16), that grant full coverage of health care expenditures to
FMs who hold them. Electronic health/medical records also pertain to
ODCs, such as “PD induced by pesticide exposures” (ODC n°RA 58 in the
agricultural scheme table). Since 2012, in France, PD can be considered a
work-related disease in farmers under specific conditions, including a
diagnosis confirmed by a neurologist and occupational exposure to pesti-
cides for 10 years or more’. Data on drug reimbursements was also available.
Each LTI and ODC is assigned an ICD-10 code (10th revision of the
International Statistical Classification of Diseases and Related Health Pro-
blems), while each drug is assigned an ATC code (Anatomical Therapeutic
Chemical classification system). January Ist, 2012, was defined as the
baseline time point (i.e., time zero), and December 31st, 2016, as the follow-
up end. The Kaplan-Meier reverse method was used to determine the
median follow-up.

The data was analyzed from September 2023 to September 2024. The
variables used for this study were complete. Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) was used as reporting
guidelines (Supplementary Table 6).

Ethics approval

This study was conducted in accordance with the Declaration of Helsinki,
and ethics approval was obtained from the French independent adminis-
trative authority responsible for safeguarding privacy and personal data
(CNIL) (authorization number: MMS/SBM/AE171001). The need for
informed consent was waived by CNIL (i.e., ethics committee) for the
TRACTOR project because data analyses were only descriptive and results
were reported at a large collective scale (i.e., farming activity level), because
data were pseudomyzed, and because measures were undertaken to prevent
the risk of reidentification of individuals.
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Study population and outcome

All FMs who performed at least one of the 26 activities once (1 yearly
declaration to MSA) between 2002 and 2016 were included. The farming
activity was considered a proxy for occupational exposure (agricultural
activity exposomes), as previously done in other works'/~*". The FMs’ degree
of involvement in the daily tasks was unknown (not recorded by MSA). The
duration of exposure for each activity was determined by calculating the
number of years in which a FM engaged in the activity based on the yearly
declarations made to MSA during the period from 2002 to 2016.

PD cases were identified using ICD-10 codes for FMs declared with PD
through the LTI and ODC insurance declaration schemes, as well as with
ATC codes for PD drugs given to FMs (with or without LTI or ODC)™**'"",
FMs were considered to have PD if they had at least one LTI declaration for
PD (ICD-10 code G20 or F02), one ODC declaration for PD, or one
reimbursement of any drugs solely used to treat PD (ie., all anti-
parkinsonian agents, with the exception of pramipexole, rotigotine, aman-
tadine, and lisuride) (Supplementary Table 7). In addition, FMs only on
anticholinergics (trihexyphenidyl, biperiden, and tropatepine) and neuro-
leptics (drug-induced parkinsonism) were not considered as PD cases.

Statistical analysis

All statistical analyses were performed with R software 4.3.1° (R Core Team,
Vienna, Austria) for Windows 10©. When the number of exposed PD cases
was 23, Cox proportional hazards models and associated hazard ratios
(HRs) were used to investigate whether specific farming activities exhibited a
higher risk of PD than others, both overall and by sex category (i.e., one
separate model for each sex). Because we did not have access to the general
population nor to other occupational sectors not related to agriculture, a
separate model was created for each of the 26 farming activities, comparing
FMs who had not previously engaged in a given farming activity from 2002
to 2016 with those who had prior experience (leave-one-group-out
approach).

For each model, the dependent variables were the timescale (con-
tinuous) and the PD diagnosis (two categories: yes or no). The time to the
oldest PD insurance declaration (LTI or ODC) or PD drug reimbursement
was used as the underlying timescale. In addition, the farming activity was
parameterized as a time-dependent variable to account for potential
immortal time bias.

Overall analyses were adjusted for sex, with interaction tests con-
ducted to assess potential sex differences. All analyses were adjusted for
age, first year of the farm’s establishment, median farm surface, number
of associates, unemployment status, total number of farms, family status,
partner work status, farm location, number of comorbidities, and per-
forming a secondary farming activity (Supplementary Table 8). We
ensured that the included variables were non-collinear (variance infla-
tion factor < 2.5). A covariate*time interaction was added to the model
when the assumption of a proportional hazard rate, assessed by the
independence of scaled Schoenfeld’s residuals and time, was not met.
Multiple testing was accounted for using the Benjamini-Hochberg
approach.

Seventeen sensitivity analyses (SAs) were undertaken to test hypoth-
eses and address potential sources of bias (Supplementary Table 8). For
example, PD cases diagnosed in 2012 were excluded to increase the like-
lihood that identified PD cases were incident cases (SA1). In another SA
(SA2), the PD case identification was based solely on ODC declarations.
Please refer to the Supplementary material for more details.

Data availability

The data that supports the findings of this study is not publicly available. A
reasonable request to the Mutualité Sociale Agricole (MSA) can be made,
but restrictions apply to the availability of these data due to both the indi-
vidual and medical nature of the data, which requires approval from both
the MSA and the French independent administrative authority protecting
privacy and personal data (CNIL). Further information is available from the
corresponding author upon request.

Code availability
The underlying code for this study is not publicly available for proprietary
reasons but can be made available upon reasonable request.
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Supplementary Table 1: Number of farm managers and identified PD cases for each analysis conducted

Analysis FMs without PD | FMs with PD Total number
No. (%) No. (%) of FMs
Main analysis 1079716 (99.2%) 8845 (0.81%) 1088561
Sensitivity analysis 1 - excluding PD cases diagnosed in 2012 1079716 (99.4%) 5910 (0.54%) 1085626
Sensitivity analysis 2 - PD identification only using ODC declaration data 1088244 (99.9%) 317 (0.03%) 1088561
Sensitivity analysis 3 - only including FMs = 40 years 715050 (98.9%) 7893 (1.09%) 722943
Sensitivity analysis 4 - only including FMs 2 50 years 446334 (98.6%) 6388 (1.41%) 452722
Sensitivity analysis 5 - only including FMs 2 60 years 165468 (98.1%) 3206 (1.90%) 168674
Sensitivity analysis 6 - PD identification only using ODC and LTI declaration data 1085439 (99.7%) 3122 (0.29%) 1088561
Sensitivity analysis 7 - PD identification only using drug reimbursement data 1080343 (99.2%) 8218 (0.76%) 1088561
Sensitivity analysis 8 - excluding FMs with ADRD (LTI declaration) 1080113 (99.2%) 8448 (0.78%) 1088561
Sensitivity analysis 9 - PD identification only using LTI declaration data (G20, G21) 1085449 (99.7%) 3112 (0.29%) 1088561
Sensitivity analysis 10 - PD identification only using LTI declaration data (F02, G20, G21) 1085534 (99.7%) 3027 (0.28%) 1088561
Sensitivity analysis 11 - considering drug reimbursement not solely used for PD 1078438 (99.1%) | 10123 (0.93%) 1088561
Sensitivity analysis 12 - PD identification using LTI, ODC or = 2 drug reimbursements 1081419 (99.3%) 7142 (0.66%) 1088561
Sensitivity analysis 13 - PD identification using LTI, ODC or = 3 drug reimbursements 1081951 (99.4%) | 6610 (0.61%) 1088561
Sensitivity analysis 14 - PD identification using LTI, ODC or = 6 drug reimbursements 1082990 (99.5%) 5571 (0.51%) 1088561
Sensitivity analysis 15 - using only one farming activity as reference 1079716 (99.2%) 8845 (0.81%) 1088561
Sensitivity analysis 16 - adjusting on smoking 1079716 (99.2%) 8845 (0.81%) 1088561
Sensitivity analysis 17 - control of other diseases not related to farming exposure 530961 (98.4%) | 8845 (1.64%) 539806

illness, No: number of, ODCs: occupational diseases covered under workers” compensation statutes, PD: Parkinson’s disease.

Abbreviations: ADRD: Alzheimer’s disease and other related dementias, FO2: ICD-10 code for dementia in other diseases classified elsewhere, FM: farm manager, G20: ICD-10 code for
Parkinson’s disease, G21: ICD-10 code for secondary parkinsonism, ICD-10: 10™ revision of the International Statistical Classification of Diseases and Related Health Problems, LTI: long-term
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Supplementary Table 2: Incidence rate per analysis

Analysis

Both sexes

Male

Female

n

IR [95%CI]2

n

IR [95%CI]?

n

IR [95%CI]?

Main analysis 8845 0.28 [0.27-0.29] | 5500 0.40 [0.38-0.41] | 3345 0.24 [0.23-0.25]
Sensitivity analysis 1 - excluding PD cases diagnosed in 2012 5910 0.19[0.18-0.20] | 3713 0.26 [0.25-0.27] | 2197 0.16 [0.15-0.17]
Sensitivity analysis 2 - PD identification only using ODC declaration data 317 | 0.01[0.009-0.02] 285 | 0.01[0.009-0.02] 32| 0.004 [0.003-0.005]
Sensitivity analysis 3 - only including FMs =40 years 7893 0.49[0.48-0.50] | 4718 0.59 [0.57-0.61] | 3175 0.44 [0.43-0.46]
Sensitivity analysis 4 - only including FMs > 50 years 6388 1.04 [1.02-1.07] | 3575 1.09 [1.06-1.13] | 2813 0.98 [0.95-1.02]
Sensitivity analysis 5 - only including FMs = 60 years 3206 1.72[1.66-1.78] | 1544 1.62[1.54-1.71] | 1662 1.82[1.73-1.91]
Sensitivity analysis 6 - PD identification only using ODC and LTI declaration data 3122 0.10 [0.08-0.11] | 2083 0.12]0.11-0.13] | 1039 0.09 [0.08-0.10]
Sensitivity analysis 7 - PD identification only using drug reimbursement data 8218 0.26 [0.25-0.27] | 5104 0.37[0.36-0.38] | 3114 0.22 [0.21-0.23]
Sensitivity analysis 8 - excluding FMs with ADRD (LTI declaration) 8448 0.27 [0.26-0.28] | 5302 0.37[0.36-0.39] | 3146 0.23[0.22-0.24]
Sensitivity analysis 9 - PD identification only using LTI declaration data (G20, G21) 3112 0.11[0.08-0.12] | 2077 0.12[0.11-0.13] | 1035 0.09 [0.08-0.10]
Sensitivity analysis 10 - PD identification only using LTI declaration data (F02, G20, G21) 3027 0.10[0.09-0.12] | 1994 0.12]0.11-0.13] | 1033 0.09 [0.08-0.10]
Sensitivity analysis 11 - considering drug reimbursement not solely used for PD 10123 0.32[0.31-0.33] | 6206 0.47[0.45-0.48] | 3917 0.27 [0.26-0.28]
Sensitivity analysis 12 - PD identification using LTI, ODC or = 2 drug reimbursements 7142 0.23[0.22-0.24] | 4481 0.32[0.30-0.33] | 2661 0.20[0.19-0.21]
Sensitivity analysis 13 - PD identification using LTI, ODC or = 3 drug reimbursements 6610 0.21[0.20-0.22] | 4163 0.29 [0.28-0.30] | 2447 0.18[0.17-0.19]
Sensitivity analysis 14 - PD identification using LTI, ODC or = 6 drug reimbursements 5571 0.18[0.17-0.19] | 3641 0.25[0.24-0.26] | 2130 0.16 [0.15-0.17]
Sensitivity analysis 15 - using only one farming activity as reference 8845 0.28 [0.27-0.29] | 5500 0.40[0.38-0.41] | 3345 0.24 [0.23-0.25]
Sensitivity analysis 16 - adjusting on smoking 8845 0.28 [0.27-0.29] | 5500 0.40]0.38-0.41] | 3345 0.24 [0.23-0.25]
Sensitivity analysis 17 - control of other diseases not related to farming exposure 8845 0.81[0.79-0.83] | 5500 1.00[0.96-1.03] | 3345 0.73[0.71-0.75]

Abbreviations: ADRD: Alzheimer’s disease and other related dementias, FO2: ICD-10 code for dementia in other diseases classified elsewhere, FM: farm manager, G20: ICD-10 code for

Parkinson’s disease, G21: ICD-10 code for secondary parkinsonism, ICD-10: 10" revision of the International Statistical Classification of Diseases and Related Health Problems, IR: incidence

rate, LTI: long-term illness, ODCs: occupational diseases covered under workers’ compensation statutes, PD: Parkinson’s disease, PR: prevalence.

2 incidence rates (IRs) are expressed as cases per 1000 persons-years.
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Supplementary Table 3: Number of farm managers with a LTI, ODC or ATC code of interest

A. Number of PD farm managers with a PD drug reimbursement based on the drug name

T Number of FMs
ATC code Drug name Indication No. (%)
NO4 Anti-parkinson drugs PD and other disorders (cf. below) 10123 (0.93)
NO4 Anti-parkinson drugs solely used for PD PD only (cf. below) 8845 (0.81)
NO4BAO2 Levodopa and decarboxylase inhibitor PD only 2698 (0.25)
NO04BC08 | Piribedil PD only 2286 (0.21)
NO4BCO05 Pramipexole PD, restless legs syndrome 2056 (0.19)
N04BC04 Ropinirole PD only 1468 (0.13)
N04BD02 Rasagiline PD only 1300 (0.12)
NO4AA01 Trihexyphenidyl PD, parkinsonism 1125 (0.10)
NO4AA12 Tropatepine PD, parkinsonism 1009 (0.09)
NO4BA03 Levodopa, decarboxylase inhibitor and COMT inhibitor | PD only 873 (0.08)
N04BC09 Rotigotine PD, restless legs syndrome 416 (0.04)
N04BB01 Amantadine PD, influenza A, postherpetic neuralgia 253 (0.02)
NO4AA02 Biperiden PD, parkinsonism 168 (0.02)
N04BX02 Entacapone PD only 110 (0.01)
NO04BCO07 Apomorphine PD only 102 (0.01)
N04BDO01 Selegiline PD only 32 (2.9e-03)
N04BCO1 Bromocriptine PD only 19 (1.7e-03)
NO4BX01 Tolcapone PD only 9 (8.3e-04)
NO2CAOQ7 Lisuride PD, hyperprolactinaemia disorders 0
NO4BAO1 Levodopa PD only 0
N04BC02 Pergolide PD only 0

Abbreviations: COMT: catechol-O-methyltransferase, FM: farm manager, No: number of, PD: Parkinson’s disease.
*According to the Vidal (https://www.vidal.fr/), Thesorimed (https://theso.prod-un.thesorimed.org/monographie)

(https://www.bcb.fr/v2/app/recherche.jsp).

B. Number of PD farm managers with a LTI or ODC declaration based on the ICD-10 code

Abbreviations: 1CD-10: 10" revision of the International Statistical Classification of Diseases and Related Health Problems, FM: farm manager, No: number of, ODCs: occupational diseases

R Number of FMs

ICD-10 code Definition No. (%)
G20 Parkinson’s disease 3034 (0.28)
G21 Secondary parkinsonism 98 (9.0e-03)
F02 Dementia in other diseases classified elsewhere 12 (1.1e-03)

covered under workers’ compensation statutes, PD: Parkinson’s disease.

and


https://www.vidal.fr/
https://theso.prod-un.thesorimed.org/monographie
https://www.bcb.fr/v2/app/recherche.jsp
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Supplementary Table 4: Farming activities and risks of PD, TRACTOR project, France, 2012-2016. Comparison of the main analysis with all sensitivity analyses for all sex
categories.

Please refer to the MS Excel file entitled Supplementary Tables 4 and 5, in the tab named “Supplementary Table 4”.

Supplementary Table 5: Comparison of results from the interaction tests regarding the sex between the main analysis and all sensitivity analyses.

Please refer to the MS Excel file entitled Supplementary Tables 4 and 5, in the tab named “Supplementary Table 5.



32 Supplementary Table 6: STROBE Statement Checklist
33
Itl\zla(r)n Recommendation Page
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1,2
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 3
Objectives 3 State specific objectives, including any prespecified hypotheses 3,4
Methods
Study design 4 Present key elements of study design early in the paper 14,15
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection 14,15
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up 14,15
(b) For matched studies, give matching criteria and number of exposed and unexposed DNA
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable 15-17, suppl
Data sources/ measurement 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group | 15-17, suppl
Bias 9 Describe any efforts to address potential sources of bias 16,17, suppl
Study size 10 Explain how the study size was arrived at 14-16
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why 15-17, suppl
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 15-17, suppl
(b) Describe any methods used to examine subgroups and interactions 15-17, suppl
(c) Explain how missing data were addressed 15-17, suppl
(d) If applicable, explain how loss to follow-up was addressed DNA
(e) Describe any sensitivity analyses 16, 17, suppl
Results
Participants 13* () Report numbers of individuals at each stage of study-e.g., numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, and analyzed 4
(b) Give reasons for non-participation at each stage DNA
(c) Consider use of a flow diagram DNA
Descriptive data 14* (a) Give characteristics of study participants (e.g., demographic, clinical, social) and information on exposures and potential confounders 4, Table 1
(b) Indicate number of participants with missing data for each variable of interest DNA
(c) Summarize follow-up time (e.g., average and total amount) 4, suppl
Outcome data 15* Report numbers of outcome events or summary measures over time 4, suppl
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (e.g., 95% confidence interval). Make clear which confounders were adjusted for 4.7, suppl
and why they were included '
(b) Report category boundaries when continuous variables were categorized DNA
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period DNA
Other analyses 17 Report other analyses done-e.g., analyses of subgroups and interactions, and sensitivity analyses 5-7, suppl
Discussion
Key results 18 Summarize key results with reference to study objectives 8
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias 8,12-14
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence 8,12-14
Generalizability 21 Discuss the generalizability (external validity) of the study results 14
Other information
Funding | 22 | Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based 18
34 *Give information separately for exposed and unexposed groups.
35 DNA: does not applied, suppl: supplementary material.
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Supplementary Table 7: ICD-10 and ATC codes used for identifying PD cases among farm managers depending on the analysis

Data origin CIa:;le:g;tlon Code Definition Indir;t?onﬁ Analysis
. . . . ICD-10 Fo2 Dementia in other diseases | , MA, SAL, SA3-6, SA8, SA10-17

Long-term illness scheme/declaration (requirement to be considered as classified elsewhere

a PD case: at least one declaration of any of these three ICD-10 codes) | ICD-10 G20 Parkinson’s disease / MA, SA1, SA3-6, SA8-17
ICD-10 G21 Secondary parkinsonism / SAB, SA9-11

Occupational disease scheme : .

(req_uirement to be (_:o_nsidered as a PD case: at least one declaration for | ODC RA 58 E)I(Dp:)nsduﬁed by pesticide / MA, SA1-6, SA8, SA11-17

PD induced by pesticides)
ATC NO4BA01 | Levodopa PD only MA, SAl, SA3-5, SA7-8, SA11-17
ATC NO4BAO2 m‘i’k‘jggfa and decarboxylase | ppy o)y MA, SA1, SA3-5, SA7-8, SA11-17

Levodopa, decarboxylase

ATC NO4BAO3 inhibitorpand COMT i)r/1hibit0r PD only MA, SAl, SA3-5, SA7-8, SA11-17
ATC NO04BDO1 | Selegiline PD only MA, SAl1, SA3-5, SA7-8, SA11-17
ATC N04BD02 | Rasagiline PD only MA, SA1, SA3-5, SA7-8, SA11-17
ATC N04BX01 | Tolcapone PD only MA, SAl1, SA3-5, SA7-8, SA11-17

Drug reimbursement for PD ATC NO4BX02 | Entacapone PD only MA, SA1, SA3-5, SA7-8, SA11-17

(requirement to be considered as a PD case: at least one ATC NO4BCO1 | Bromocriptine PD only MA, SA1, SA3-5, SA7-8, SA11-17

reimbursement of any of these ATC codes) ATC NO4BCO4 | Ropinirole PD only MA, SAL, SA3-5, SA7-8, SA11-17
ATC NO04BCO07 | Apomorphine PD only MA, SAl1, SA3-5, SA7-8, SA11-17
ATC N04BC08 | Piribedil PD only MA, SA1, SA3-5, SA7-8, SA11-17
ATC NO4AAQ01 | Trihexyphenidyl* PD, parkinsonism MA, SA1, SA3-5, SA7-8, SA11-17
ATC NO4AAQ02 | Biperiden* PD, parkinsonism MA, SAl, SA3-5, SA7-8, SA11-17
ATC NO4AA12 | Tropatepine* PD, parkinsonism MA, SA1, SA3-5, SA7-8, SA11-17
ATC NO2CAO07 | Lisuride PD, hyperprolactinemia disorders SA11
ATC N04BB01 | Amantadine PD, influenza A, postherpetic neuralgia | SA11
ATC NO04BCO05 | Pramipexole PD, Restless Legs Syndrome SA11
ATC NO04BC09 | Rotigotine PD, Restless Legs Syndrome SAll

Abbreviations: ATC: Anatomical Therapeutic Chemical classification system, COMT: catechol-O-methyltransferase, ICD-10: 10™ revision of the International Statistical Classification of
Diseases and Related Health Problems, MA: main analysis, ODCs: occupational diseases covered under workers’ compensation statutes, PD: Parkinson’s disease, SA: sensitivity analysis.
* Farm managers only on anticholinergics and neuroleptics (drug-induced parkinsonism) were not considered.
§ According to the Vidal (https://www.vidal.fr/), Thesorimed (https://theso.prod-un.thesorimed.org/monographie) and BCB databases (https://www.bch.fr/v2/app/recherche.jsp).



https://www.vidal.fr/
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https://www.bcb.fr/v2/app/recherche.jsp

41  Supplementary Table 8: List of covariates considered in the statistical analyses

Dependent variable Modality
PD diagnosis (LTI declaration or drug reimbursement) 2 categories: yes or no
Time to first PD insurance declaration, or drug reimbursement continuous
Independent variables
Activity 2 categories: yes or no
Sex” 2 categories: female or male
Age continuous
First year of the farm’s establishment, years continuous
Median yearly farm surface, hectares continuous
Median yearly insurance premium, euros continuous
Number of associates continuous
Unemployment status 2 categories: never unemployed or had been unemployed at least once over the period 2002-2016
Number of farms 2 categories: 1 or > 1
Family status 2 categories: single or as a couple
Partner work status 2 categories: perform or do not perform task to help farm manager
Having a secondary farming activity™ 2 categories: yes or no
Number of pre-existing medical comorbidities continuous
Farm location 96 categories: 96 metropolitan French administrative geographical areas (departments)

42 Abbreviations: LTI: long-term illness, PD: Parkinson’s disease.

43 Categorical variables with more than two categories were converted to binary variables by applying the one-hot encoding approach, with the exclusion of one category to prevent multicollinearity.
44 For each binary variable (e.g., activity), the reference was set as the ‘no’ or ‘0> modality.

45 *The analysis was adjusted on sex only for “both sexes”; otherwise, sex was used for subgroup analyses.

46 1 A secondary farming activity is defined as a farming activity (e.g., grassland farming) that a FM can perform in addition to its main activity (e.g., ovine farming). The nature of the secondary
47 activity is, however, unknown.
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Sensitivity analysis

Thirteen sensitivity analyses (SAs) were undertaken to test hypotheses and address potential sources of bias.

Sensitivity analysis 1 - excluding PD cases diagnosed in 2012

To increase the likelihood that identified PD cases were incident cases, a sensitivity analysis was conducted by
excluding PD cases diagnosed in 2012. Similarly to the main analysis, for this sensitivity analysis, FMs were
considered to have PD if they had at least one LTI declaration for PD (ICD-10 code G20 or F02), one ODC
declaration for PD, or one reimbursement of any drugs solely used to treat PD (i.e., all antiparkinsonian agents,
with the exception of pramipexole, rotigotine, amantadine, and lisuride) (Supplementary Table 7). However, FMs
only on anticholinergics (trihexyphenidyl, biperiden, and tropatepine) and neuroleptics (drug-induced
parkinsonism) were not considered PD cases.

The highest-risk group included FMs engaged in crop farming, mixed cattle farming, dairy farming, truck farming,
pig farming, viticulture, unspecified and mixed farming (Supplementary Table 4, Supplementary Figure 1). A
positive trend was also observed for ovine and caprine farming. By contrast, the lowest-risk group included FMs
engaged in gardening, landscaping and reforestation companies, small animal farming, training, dressage and

riding clubs, and stud farming. No farming activities exhibit a sex difference.

10



Both sexes Female Male
Crop farming (e.g.. wheat, corn, and industrial grower){ n= 318475, m = 1981 i 1.72[1.54-1.95] || n=106448, m = 806 i l| 177 [1.48 - 2.16] || n=212027, m = 1175 EH 1.69 [1.51 - 1.94]
1 1 |
Mixed cattle farming{ n=31405, m =228 E 1.75[1.53 - 2] n=3§239, m=83 H 1.94[1.55 - 2.42] n=23166, m =145 i 1.61[1.36 - 1.9]
Dairy farming{ n=163406, m =912 i 1.47 [1.37 - 1.59] n = 50595, m = 322 : 132117 - 1.49] n=112811, m = 530 : 1.51[1.38 - 1.659]
| i I
Cow farming{ n=113573, m =686 : 1.31[1.21 - 1.42] n= 33735 m=239 : 1.29[1.12 - 1.47] n = 79838, m = 447 : 1.31[1.19 - 1.45]
Truck farming, floriculture/flower-growing| n=43771,m =225 | 1.31[1.14 - 1.49] n=13394, m=78 " 1.26 [1-1.58] n=30377, m =147 1.33[1.13 - 1.57]
Pig farming n="13798, m="73 + 1.41[1.12 - 1.78] n = 3965 m=25 0| 1.48[1-2.2] n=9833, m=48 + 1.34[1.01-1.78]
Inspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming){ n=129340, m = 686 147 [1.08 - 1.27] n = 40041, m = 269 1.19 [1.05-1.35] n=89299, m = 417 1.14 [1.03 - 1.26]
Viticulture{ n=123095, m =787 1.08 [1.01 - 1.16] n=43528 m =334 1.08 [0.96 - 1.21] n=T9567, m = 453 1.1[1.01-1.21]
Ovine and caprine farming{ n=49161, m =230 1.13[0.99 - 1.29] n =17565, m =82 ¥ 1.02[0.82 — 1.28] n= 31596, m = 148 1.19[1.01 - 1.41]
il
Company representative/authorized representative n=1935m=9 m-{ 1.73[0.9 -3.33] n=1500,m=7 :m-| 1.71[0.82 - 3.6] n=435m=2 i not calculated
Fruit arboriculture|{ n=25163, m=128 * 0.99 [0.83 - 1.18] n=38010, m = 38 H 0.8[0.58-1.1] n=17153, m=90 q 1.1[0.89 —1.35]
! 4
Wood production (e.g., lopping){ n=11446, m =40 H 1.14 [0.83 - 1.56] n=303m=2 E not calculated n=11143, m=38 :-i 1.19 [0.86 - 1.63]
Poultry and rabbit farming{ n = 25895, m = 92 ;| 0.99[0.8 - 1.21] n=10207, m = 42 H 1.05[0.77 - 1.43] n = 15688, m = 50 H 0.93[0.7-1.23]
\ {l !
Stationary sawmill (e.g., edging, trimming, decking, debarking) n=791m=6 H 1.71[0.77 - 3.82] n=5,m=0 E not calculated n=736,m=6 H 1.94 [0.87 - 4.33]
Sylviculture/forestry (e.g., thinning, pruning) n=2169, m=13 H 1.3[0.76 - 2.25] n=362,m=5 H 2.14[0.89-5.15] n=1807,m=8 H 1.12 [0.56 - 2.24]
l I
Agricultural work companies (e.g., pesticide applications, harvest reaping)y n= 15650, m =45 H 0.97 [0.73 -1.3] n=18%0,m=4 |—v;-| 0.64[0.24 - 1.7] n=13760, m =41 H 1.05[0.77 - 1.43]
‘Garden centeritree nursery n=>5431,m=20 |+| 0.98 [0.63 - 1.51] n=1441,m=3 |—'H 0.49[0.16 - 1.53] n=3990, m=17 H 1.18[0.73 - 1.9]
Unspecified large animal farming (e.g., ostrich, llama){  n= 3025, m =11 H 1.11[0.62 - 2.01] n=1461, m=3 |—-H 0.59 [0.19 - 1.82] n=1564, m=8 H 1.63 [0.81 - 3.26]
Unspecified specialized farming (e.g., herbs, mushrooms){  n= 6680, m = 20 H 0.82 [0.53 - 1.28] n=244, m=6 H—| 0.63[0.28 - 1.4] n=4239, m=14 H 0.95 [0.56 - 1.6]
Shellfish farming (e.g., oyster farming, scallop aquaculture){ n=23829,m=8 HI 0.58 [0.29 - 1.16] n=737,m=2 i not calculated n=3092, m=6 H 0.58 [0.26 - 1.29]
Gardening, landscaping and reforestation companies{ n=49218 m =109 H 0.76 [0.63 - 0.93] n=255m=7 H-| 0.88 [0.42 - 1.89] n = 46653, m=102 H 0.82 [0.67 - 1.01]
Unspecified small animal farming (e.g., frogs, snails, bees)| n=19997, m = 41 Hi 0.51[0.38 - 0.7] n=8637,m=13 Hi 0.38 [0.22 - 0.66] n=11360, m = 28 Hi 0.6[0.42 - 0.88]
Stud farming n=17285 m=37 Hi 0.49[0.36 — 0.68] n=7490,m=9 H i 0.3[0.15-0.57] n=9795 m=28 H 0.64 [0.44 - 0.92]
Training, dressage, riding clubs n=14987, m =22 Hi 0.5[0.33 - 0.76] n=6687,m=7 H 0.4210.2 - 0.88] n=8300,m=15 H 0.55[0.33 - 0.92]
Salt works/salt evaporation pond n=91m=2 i not calculated n=221,m=0 i not calculated n=760,m=2 i not calculated
Rural craftsperson (e.g.. mason, mechanics) n=7699, m=2 i not calculated n=283, m=0 i not calculated n=7416,m=2 i not calculated
0.010.1 % 10 0.010.1 % 10 0.010.1 “I 10

Hazard ratio

Supplementary Figure 1: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 1

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes” only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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Sensitivity analysis 2 — PD identification using only ODC declaration data

In this sensitivity analysis, the PD case identification was based solely on ODC declarations for PD induced by
pesticide exposures, knowing that compensation for PD as an occupational disease among long-term pesticide
users, with causality presumption, only started in May 2012 in France’. The highest-risk group included FMs
engaged in mixed cattle farming, pig farming, viticulture, and unspecified and mixed farming (Supplementary
Table 4, Supplementary Figure 2). By contrast, no activity had reduced HRs, probably because of the small number
of PD cases (317 in total) identified for this analysis. Viticulture was the only farming activity that exhibited a sex

difference, with a PD risk around two times higher in females than males.
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82

83
84

86
87
88
89

Both sexes Female Male
Mixed cattle farming n=31612,m=21 EH 214 [1.37 - 3.33] n=28320,m=2 i not calculated n=23292, m=19 EH 2.08[1.3-3.327]
| |
Pig farming n=13861,m=10 EH 247 [1.31 - 4.64] n=3988, m=2 i not calculated n=9873, m=8 H 2.13[1.05 - 4.3]
Viticulture{ n=123833, m=49 EH 1.65[1.15-2.38] n=43853, m=9 EH 3.34[1.26 - 8.83] n=T79980, m = 40 1.59 [1.06 - 2.36]
|
Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming){ n=129977, m =49 H 1.42[1.05-1.93] n=40306,m=4 }—H 1.2[0.42-3.42] n= 89671, m=45 1.44[1.04 - 1.98]
Dairy farming{ n=164261, m =57 H 1.32[0.99 - 1.77] n=50910,m=7 M 1.58 [0.68 - 3.71] n=113351,m=50 1.26 [0.92 - 1.71]
|
Unspecified specialized farming (e.g.. herbs, mushrooms) n=6697,m=3 H 2.65[0.85 - 8.26] n=2447, m=0 i not calculated n=4250, m=3 3.01[0.96 - 9.38]
Garden centeritree nursery n=5448, m=3 M 2.48[0.8 - 7.75] n=1444, m=10 i not calculated n=4004, m=3 }3—0—{ 2.71[0.87 - 8.44]
| I {
Crop farming (e.g., wheat, corn, and industrial grower){ n=2320390, m =66 H 1[0.73 - 1.37] n=107250, m =4 |—H:—| 0.53 [0.17 - 1.7] n =213140, m = 62 H 1.08 [0.78 - 1.51]
Cow farming| n=114225 m=34 H 0.98 [0.68 - 1.39] n=33970, m=4 M 1.37 [0.48 - 3.91] n= 80255 m=30 H 0.94 [0.64 - 1.37]
| | |
Gardening, landscaping and reforestation companies{ n=4%318m=% H 1.2[0.61 - 2.35] n=2572, m=10 i not calculated n=46746,m=9 H 1.31[0.67 - .57]
Truck farming, flericulture/flower-growing| n = 43986, m =10 H 1.1[0.58 - 2.06] n=13471, m=1 i not calculated n=230515,m=9 M 1.1[0.56 - 2.13]
| | |
Fruit arboriculture n=25284, m=7 H 1.17 [0.55 - 2.51] n=258047, m=1 i not calculated n=17237,m=6 H 1.11[0.49 - 2.53]
Poultry and rabbit farming n=25982, m=5 H—{ 0.93[0.38 - 2.24] n=10249, m=0 i not calculated n=15733, m=5 H—I 1.09 [0.45 - 2.65]
I I I
Agricultural work companies (e.g., pesticide applications, harvest reaping) n=1592, m=3 H—| 1[0.32 - 3.13] n=1894, m=0 i not calculated n=13798,m=3 |—+—| 1.05[0.34 - 3.29]
Ovine and caprine farming n=49385 m=6 H 0.51[0.23 - 1.15] n=17646, m=1 i not calculated n=31739, m=5 H 0.49[0.2 - 1.18]
| | L
Sylviculture/forestry (e.g., thinning, pruning) n=2182,m=0 i not calculated n=367,m=0 i not calculated n=1815m=0 i not calculated
Stud farming n=17320,m=2 i not calculated n=7499, m=0 i not calculated n=9821, m=2 i not calculated
Unspecified large animal farming (e.g., ostrich, llama) n=3036,m=0 i not calculated n=1464, m=0 i not calculated n=1572, m=0 i not calculated
Unspecified small animal farming (e.g., frogs, snails, bees) n=20038, m=0 i not calculated n=28650,m=0 i not calculated n="11388, m=10 i not calculated
Training, dressage, riding clubs n=15009, m=0 i not calculated n=6694, m=0 i not calculated n=28315, m=0 i not calculated
Shellifish farming (e.g., oyster farming, scallop aquaculture) n=3837,m=0 i not calculated n=739,m=0 i not calculated n=3098, m=0 i not calculated
Salt works/salt evaporation pond n=9 3 m=0 i not calculated n=221,m=0 i not calculated n=762,m=0 i not calculated
Wood production (e.g., lopping) n=11486, m=0 i not calculated n=305m=0 i not calculated n=11181,m=10 i not calculated
Stationary sawmill (e.g., edging. trimming, decking, debarking) n=T797,m=10 i not calculated n=55m=0 i not calculated n=742,m=0 i not calculated
Company representative/authorized representative n=1943, m=1 i not calculated n=1507, m=0 i not calculated n=436m=1 i not calculated
Rural craftsperson (e.g., mason, mechanics) n=7701,m=0 i not calculated n=283,m=0 i not calculated n=7418, m=0 i not calculated
0.010.1 % 10 0.010.1 % 10 0.010.1 1‘ 10

Hazard ratio

Supplementary Figure 2: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 2

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes™ only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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Sensitivity analyses 3 to 5 — age restrictions

Because PD is not common before age 40, one SA was restricted to FMs who were 40 years and older (SA3),
another one to FMs who were 50 years and older (SA4), and a third to FMs who were60 years and older (SA5),
respectively. Similarly to the main analysis, for these sensitivity analyses, FMs were considered to have PD if they
had at least one LTI declaration for PD (ICD-10 code G20 or F02), one ODC declaration for PD, or one
reimbursement of any drugs solely used to treat PD (i.e., all antiparkinsonian agents, with the exception of
pramipexole, rotigotine, amantadine, and lisuride) (Supplementary Table 7). However, FMs only on
anticholinergics (trihexyphenidyl, biperiden, and tropatepine) and neuroleptics (drug-induced parkinsonism) were

not considered PD cases.

Regarding the sensitivity analysis restricted to FMs > 40 years (SA3), the highest-risk group included FMs engaged
in mixed cattle farming, pig farming, dairy farming, cow farming, crop farming, unspecified and mixed farming,
truck farming, and fruit arboriculture (Supplementary Table 4, Supplementary Figure 3). A positive trend was also
observed for viticulture and ovine and caprine farming. By contrast, the lowest-risk group included FMs engaged
in gardening, landscaping and reforestation companies, small animal farming, training, dressage and riding clubs,
stud farming, shellfish farming and rural craftsperson. Dairy farming and stud farming were the only activities

exhibiting a sex difference, with male FMs having a higher risk than females.

Regarding the sensitivity analysis restricted to FMs > 50 years (SA4), the highest-risk group included FMs engaged
in mixed cattle farming, dairy farming, crop farming, pig farming, cow farming, and truck farming (Supplementary
Table 4, Supplementary Figure 4). A positive trend was also observed for viticulture and unspecified and mixed
farming. By contrast, the lowest-risk group included FMs engaged in gardening, landscaping and reforestation
companies, small animal farming, training, dressage and riding clubs, stud farming, shellfish farming and rural
craftsperson. Four activities exhibited a sex difference, with male FMs having a higher risk than females for dairy

farming, pig farming, and stud farming; while female FMs engaged in crop farming had a higher risk than males.

Regarding the sensitivity analysis restricted to FMs > 60 years (SAS5), the highest-risk group included FMs engaged
in dairy farming, mixed cattle farming, pig farming, fruit arboriculture, cow farming, and crop farming
(Supplementary Table 4, Supplementary Figure 5). A positive trend was also observed for viticulture and truck
farming. By contrast, the lowest-risk group included FMs engaged in stud farming and small animal farming.
Three activities exhibited a sex difference, with male FMs having a higher risk than females for fruit arboriculture,

pig farming, and stud farming.
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123

124

125
126

128
129
130

Both sexes Female Male
Mixed cattle farming{ n= 19966, m = 288 EH 1.77 [1.57 - 1.99] n=6224, m=107 H 1.73[1.43-21] n=13742, m=181 i 1.71 [1.48 - 1.99]
i i i
Dairy farming{ n=99637, m=1240 i+ 1.63[1.53 - 1.73] n = 37036, m = 500 i 1.45[1.32 - 1.6] n=62601, m=740 i 1.67 [1.54 - 1.81]
Pig farming n=_8284, m=94 il| 1.5[1.23 - 1.89] n=2849, m= 40 H 1.68 [1.23 - 2.3] n=5435 m=54 } 1.34[1.02 - 1.79]
Cow farming{ n=74341,m=910 E} 1.31[1.22 - 1.41] n= 26431, m= 355 i 1.32[1.18 - 1.47] n = 47910, m = 555 : 13[1.19-1.42]
Crop farming (e.g.. wheat, corn, and industrial grower){ n=247815, m = 2832 H 1.39[1.15-1.84] n =92000, m = 1214 i 1.49[1.21 - 1.87] || n=155815, m= 1618 1.35[1.12 - 1.59]
Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming){ n=85303, m =912 1.16 [1.08 - 1.24] n= 31516, m = 379 1.12[1.01 -1.25] n=53787, m = 533 1.16 [1.06 - 1.27]
Truck farming, flericulture/flower—growing{ n=27853, m=278 116 [1.03 - 1.31] n=9322 m=110 1.21[1.01 - 1.46] n=18531, m=168 1.14 [0.98 - 1.33]
Fruit arboriculture| n=17600, m =186 1.21[1.03 - 1.47] n=6276, m=64 E 0.9[0.71-1.16] n=11324, m=122 1.09 [0.99 - 1.38]
Viticulture{ n=284834, m=1044 1.03 [0.97 - 1.1] n = 33852, m = 465 { 1.02[0.92 -1.12] n =50982, m = 579 1.09 [1.01-1.19]
Ovine and caprine farming{ n=230145 m=277 1.02 [0.91 - 1.15] n= 11845, m =109 E 0.97 [0.8 - 1.18] n=18300, m =168 1.07 [0.92 - 1.29]
Garden centerl/tree nursery n=23226,m=29 H 1.08 [0.75 - 1.55] n=936m=5 |—oi—{ 0.58 [0.24 - 1.39] n=2290,m=24 H 1.32 [0.88 - 1.97]
| i i
Wood production (e.g., lopping) n=5476, m = 42 H 1[0.74 - 1.35] n=196m=2 i not calculated n = 5280, m =40 H 1.05 [0.77 - 1.44]
Agricultural work companies (e.g., pesticide applications, harvest reaping){  n= 7396, m = 53 H 0.94 [0.72 - 1.24] n=1048,m=7 H—{ 0.78 [0.37 - 1.64] n=6348, m = 46 H 0.99 [0.74 - 1.33]
| i |
Poultry and rabbit farming n = 15230, m=99 H 0.84 [0.69 - 1.02] n=6719, m =50 H 0.92 [0.69 - 1.22] n=8511, m=49 H 0.78 [0.59 - 1.03]
Company representative/authorized representative n=1290,m=9 H-{ 1.12 [0.58 - 2.15] n=94,m="7 |-i-| 1.18 [0.56 - 2.48] n=326,m=2 i not calculated
] ] ]
Sylviculture/forestry (e.g., thinning, pruning) n=1436, m=14 H 0.95 [0.56 - 1.6] n=316,m=5 H 1.41[0.59 - 3.4] n=1120,m=9 |-:| 0.87 [0.45 - 1.68]
Unspecified specialized farming (e.g., herbs, mushrooms){ n=4130,m=28 HI 0.82 [0.56 — 1.18] n=1552, m=8 H 0.58 [0.29 - 1.16] n=2578, m=20 H»{ 0.99 [0.64 - 1.54]
Stationary sawmill (e.g., edging, trimming, decking, debarking) n=>528m=6 }—:-| 1.22 [0.55 - 2.72] n=42,m=10 E not calculated n=486, m=6 H 1.42 [0.64 - 3.16]
Unspecified large animal farming (e.g., ostrich, llama){ n=1741, m=11 H 0.77 [0.43 - 1.39] n=825m=-4 |—-H 0.55[0.21 - 1.46] n=916,m=7 H—| 1[0.48 - 2.1]
Salt works/salt evaporation pond n=442, m=3 |—‘:—1 064[0.21-2] n=126,m=1 i not calculated n=316,m=2 i not calculated
Gardening, landscaping and reforestation companies{ n = 18763, m = 89 Hi 0.56 [0.46 — 0.69] n=1375.m=8 |-‘H 0.71[0.36 - 1.43] n=17388, m =81 Hi 0.6 [0.48 - 0.75]
Stud farming n=11083, m =50 Hi 0.45[0.34 - 0.59] n=4350, m=11 H i 0.26 [0.15 - 0.48] n=6733, m=39 Hi 0.59 [0.43 - 0.8]
Unspecified small animal farming (e.g., frogs, snails, bees){ n=12200, m = 43 H i 0.37 [0.27 - 0.49] n=5175,m=12 H i 0.24[0.14 - 0.42] n=7025m=31 Hi 0.47 [0.33 - 0.67]
Training, dressage, riding clubs n=>5806, m=18 H i 0.36 [0.22 - 0.56] n=2075, m=2 i not calculated n=3731,m=16 Hi 0.49 [0.3 - 0.8]
Shellfish farming (e.g., oyster farming, scallop aquaculture) n=2162, m=7 |—-|§ 0.36 [0.17 - 0.76] n=473,m=3 H—| 0.76 [0.25 - 2.35] n=1689, m=4 Hi 0.28 [0.11 - 0.76]
Rural craftsperson (e.g., mason, mechanics) n=>5655m=5 H E 0.14 [0.06 - 0.34] n=198,m=0 E not calculated n=>5457, m=5 H E 0.15[0.06 - 0.36]
0.0101 ; 10 0.0101 }I 10 0.010.1 ; 10

Hazard ratio

Supplementary Figure 3: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 3

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes” only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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131

132

133
134

136
137
138

Both sexes Female Male
Dairy farmingy n = 56697, m = 940 E 1.65[1.54 - 1.77] n=25177, m =431 EH 1.47[132-1.63] n=31520, m = 509 EN 1.73[1.58 - 1.91]
1 I |
Mixed cattle farming{ n=11299, m =204 i 1.63[1.42 - 1.88] n=4168, m=87 EH 162[1.3-2] n=7131,m=117 i 15713 -1.89]
Crop farming (e.g., wheat, corn, and industrial grower); n= 178329, m = 2529 : 1.33[1.28 - 1.38] n=73609, m = 1151 i* 1.43[1.35-1.52] || n=104720, m = 1378 : 1.28[1.22 -1.34]
Pig farming n=23778,m=62 H 1.62[1.26 - 2.08] n=1630,m=25 H 1.38[0.93 - 2.04] n=2148,m=37 H 1.74[1.26 - 2.41]
Cow farming{ n = 44674, m = 686 121112 -1.31] n=18677, m =304 ;u 1.24[11-1.4] n=25997, m =382 1.18 [1.06 - 1.32]
Truck farming, floriculture/flower-growing, n = 15985, m =221 117 [1.02 - 1.34] n=6154, m =93 H 1.16 [0.95 - 1.43] n=9831,m="128 1.18 [0.99 - 1.4]
Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming){ n= 52309, m = 682 1.05[0.97 - 1.14] n=22534, m=319 1.04[0.92 - 1.17] n=29775 m= 363 1.03[0.93 - 1.19]
Viticulture{ n=55629, m =878 1.02 [0.95 - 1.1] n= 25045 m =418 1[0.91-1.11] n = 230584, m = 460 1.05[0.95 - 1.15]
Wood preduction (e.g., lopping) n=2244, m=3 }| 1.26 [0.88 - 1.79] n=122,m=2 i not calculated n=2122, m=29 H 1.3[0.9 - 1.87]
!
Qvine and caprine farming{ n=16738, m =210 1[0.87 - 1.15] n=7122, m=87 H 0.95[0.77 - 1.18] n=9616,m=123 H 1.06 [0.89 - 1.27]
Fruit arboriculture{ n=11028, m =150 0.98 [0.84 - 1.15] n= 4400, m = 52 H 0.82 [0.62 - 1.08] n = 6628, m =98 H 112 [0.91 - 1.36]
Garden centeritree nursery n=1545m=21 H 1.14 [0.74 - 1.75] n=>540,m=5 H 0.72[0.3-1.74] n=1005m=16 H 1.37 [0.84 - 2.25]
Poultry and rabbit farming n = 6848, m =63 HI 0.88 [0.69 - 1.13] n=23390, m =34 HI 0.92 [0.66 - 1.29] n=23458, m =29 H 0.84 [0.58 - 1.2]
[ i |
Agricultural work companies (e.g., pesticide applications, harvest reaping){  n= 3404, m =36 H 0.96 [0.69 - 1.33] n=>57,m=6 H—| 0.83 [0.37 - 1.86] n=2827, m=30 H 0.98 [0.68 - 1.4]
Unspecified specialized farming (e.g., herbs, mushrooms) n=2170,m =20 HI 0.76 [0.49 - 1.18] n=886, m=6 }-—EI 0.53[0.24 - 1.18] n=1284, m=14 H 0.94 [0.56 - 1.59]
! ! I
Sylviculture/forestry (e.g., thinning, pruning){ n=903,m=11 H 0.86 [0.48 - 1.56] n=229,m=5 H-—{ 1.57 [0.65 - 3.78] n=674,m=6 M 0.68 [0.3 - 1.5]
Company representative/authorized representative n=684,m=>5 |-H 0.82[0.34 - 1.98] n=470,m=4 H—| 1.02[0.38 - 2.73] n=214,m=1 i not calculated
Unspecified large animal farming (e.g., ostrich, llama) n=842,m=7 }-H 0.67 [0.32 - 1.4] n=402,m=3 |—-H 0.57 [0.18 - 1.77] n=440,m=4 }—-:—| 0.78[0.29 - 2.07]
Gardening, landscaping and reforestation companies n=6123,m=52 H 0.69 [0.53 - 0.91] n=55m=7 }-H 0.99 [0.47 - 2.09] n=5558, m=45 H 0.7 [0.52 - 0.94]
Stud farming n=6114,m =36 H i 0.410.29 - 0.55] n=2320,m=6 |--| i 0.19 [0.08 - 0.42] n=3794, m=30 Hi 0.54[0.38 - 0.78]
Unspecified small animal farming (e.g.. frogs, snails, bees) n=6127,m=34 H i 0.38 [0.27 - 0.54] n=2533,m=9 H i 0.25[0.13-0.47] n=3594, m=25 Hi 0.5[0.34 - 0.74]
Training, dressage, riding clubs n=2308,m=12 Hi 0.39[0.22 - 0.68] n=689, m=1 i not calculated n=1619, m="11 H 0.51[0.28 - 0.93]
Shellfish farming (e.g., oyster farming, scallop aquaculture) n=1153, m=4 Hi 0.28 [0.1-0.74] n=277,m=3 |—H 0.95[0.31 - 2.96] n=876,m=1 i not calculated
Rural craftsperson (e.g., mason, mechanics) n=3629, m=4 |—0-| E 0.14 [0.05 - 0.36] n=155m=0 E not calculated n=3474, m=4 |—0—| i 0.14[0.05-0.37]
Salt works/salt evaporation pond n=197,m=1 i not calculated n=70,m=1 i net calculated n=127,m=0 i not calculated
Stationary sawmill (e.g., edging, trimming, decking, debarking) n=225m=2 E not calculated n=21,m=10 E not calculated n=204,m=2 i not calculated
0.010.1 ; 10 0.0101 ; 10 0.0101 1‘ 10

Hazard ratio

Supplementary Figure 4: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 4

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes” only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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139

140
141
142
143
144
145
146

Both sexes Female Male

| ] |
Dairy farming{ n=13648, m=332 :* 1.69 [1.51 - 1.89] n=7030, m=183 }H 1.58[1.35-1.84] n = 6618, m = 149 :H 1.79 [1.51 -2.12]
Mixed cattle farming n =1686, m= 42 -| 1.47 [1.08 - 1.99] n=860,m=23 1.39[0.92 -2.11] n=2826m=19 H 1.51 [0.96 - 2.37]
i 1
Pig farming n=370,m=10 '{ 1.99 [1.07 - 3.71] n=208,m=4 H 1.11[0.42 - 2.96] n=162, m=6 :|—0—| 3.42[1.53 -7.63]
|
Fruit arboriculture n=4276,m= 92 + 1.26 [1.05 - 1.53] n= 1869, m =36 H 0.92 [0.66 - 1.28] n = 2407, m = 56 H 1.41 [1.08 - 1.84]
Cow farming+ n=12239, m= 257 1.19[1.05 - 1.35] n=6098, m =145 + 1.26 [1.06 - 1.5] n=6141, m=112 1.11[0.91 - 1.34]
Crop farming (e.g., wheat, corn, and industrial grower){ n=297475 m=1819 1.1[1.02 - 1.18] n = 43754, m=900 1.12[1.02 - 1.24] n=>53721, m=919 1.09 [1.01 - 1.21]
I
Truck farming, floriculture/flower-growing n=4517,m=94 1.19 [0.97 - 1.45] n=2139, m=>54 1.25[0.85-1.64] n=2378, m=40 H 1.1[0.81-1.51]
Viticulture{ n=22917, m =490 1.03[0.93 - 1.13] n=11840, m =273 0.98 [0.86 - 1.12] n=11077, m=217 « 1.08 [1.01-1.29]
I i
Ovine and caprine farming n=4227, m=78 H 1.04[0.83 - 1.3] n=1918, m =36 |§ 0.95[0.68 - 1.32] n=2309, m=42 H 1.14 [0.84 - 1.55]
Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming){ n=14267, m =220 ﬁ 0.91[0.8 - 1.05] n=7166, m=135 } 1.02 [0.85-1.21] n=7101, m=85 H 0.78 [0.62 - 0.96]
I i ]
Agricultural work companies (e.g., pesticide applications, harvest reaping) n=57.m=11 M 1.19 [0.66 - 2.16] n=146,m=3 }—§—| 1.01[0.33 - 3.14] n=451,m=8§ M 1.24 [0.62 - 2.49]
1 | 1
Garden centeritree nursery n=325m=7 H 1.23 [0.59 - 2.58] n=150,m=3 |—0:—| 0.9[0.29-2.8] n=175m=4 H'—| 1.56 [0.58 - 4.16]
] I ]
Poultry and rabbit farming n=813, m=12 H 0.91 [0.52 - 1.61] n=479,m=8 H 0.93 [0.46 - 1.86] n=334,m=4 }—q\-| 0.85[0.32 - 2.27]
] I ]
Wood production (&.g.. lopping) n=313,m=5 }—H 1.06 [0.44 - 2.54] n=37,m=1 i not calculated n=276,m=4 |—+—| 1.07 [0.4 - 2.85]
1 | 1
‘Gardening, landscaping and reforestation companies n=682, m=8 H 0.71[0.35-1.42] n=107.m=1 L not calculated n=575m=7 |-+| 0.86 [0.41-1.82]
] I ]
Unspecified specialized farming (e.g., herbs, mushrooms) n=463, m=5 }—-:-| 0.59 [0.25 - 1.42] n=208,m=1 3 not calculated n=255m=4 }—H 0.98 [0.37 - 2.63]
] I ]
Rural craftsperson (e.g.. mason, mechanics) n=452 m=3 H 0.73[0.23-225] n=44,m=10 i not calculated n=408 m=3 M 0.86 [0.28 - 2.67]
1 | 1
1 | 1
Sylviculture/forestry (e.g., thinning, pruning) n=316,m=3 H 0.49 [0.16 - 1.51] n=110,m=2 i not calculated n=206m=1 ! not calculated
'
Stud farming n="1893, m=20 H: 0.54 [0.35-0.84] n=746,m=6 0.39 [0.18 - 0.88] n="1147, m=14 H 0.68 [0.4-1.15]
I
1 i 1
Unspecified small animal farming (e.g., frogs, snails, bees) n=1754, m=11 H T 0.28 [0.16 - 0.51] n=740,m=3 H i 0.15 [0.05 - 0.47] n=1014, m=8 H: 0.41[0.2-0.82]
1 | |
Unspecified large animal farming (e.g., ostrich, llama) n=201,m=2 | not calculated n=103,m=2 | not calculated n=98,m=0 | not calculated
1 | 1
] I ]
Training, dressage, riding clubs n=407, m=2 : not calculated n=128, m=0 ; not calculated n=279,m=2 : not calculated
1 | 1
Shellfish farming (e.g., oyster farming, scallop aquaculture) n=284, m=2 1 not calculated n=78 m=1 | not calculated n=206m=1 1 not calculated
1 | 1
] I ]
Salt works/salt evaporation pond n=64,m=1 : not calculated n=22m=1 : not calculated n=42, m=0 : not calculated
] I ]
Stationary sawmill (e.g., edging, trimming, decking, debarking) n=43, m=2 1 not calculated n=6m=0 | not calculated n=37,m=2 1 not calculated
1 | 1
1 | 1
Company representative/authorized representative n=140,m=2 ! not calculated n=61,m=1 i not calculated n=79,m=1 ! not calculated
L I L
00101 1 10 0.010.1 1 10 00101 1 10

Hazard ratio

Supplementary Figure 5: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 5

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes™ only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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Sensitivity analyses 6 to 14 — addressing potential case misclassification

To address potential case misclassification due to the potential lack of specificity of health data, ten sensitivity
analyses with varying stringency were conducted (Supplementary Table 7). For instance, the LTI declaration for
G21 (secondary Parkinsonism) was considered as PD cases in several sensitivity analyses. The rationale behind
this decision is that, sometimes, differentiating primary Parkinson’s disease (G20) from secondary Parkinsonism
(G21) can be challenging, especially in the early stages. If only G20 is used to identify Parkinson’s disease cases,
there may be a risk of under-capturing relevant cases that are initially coded as G21 but may later transition to
G20. This inclusion could avoid missing cases where secondary parkinsonism was initially misdiagnosed but later

identified as primary PD, or where a person exhibits features of both.

The first one, SA2, was described previously.

For SA6, FMs were considered PD cases if they had either at least one LTI (FO2, G20, G21) or ODC declaration.
The highest-risk group included FMs engaged in crop farming, mixed cattle farming, dairy farming, pig farming,
fruit arboriculture, truck farming, unspecified and mixed farming, and cow farming (Supplementary Table 4,
Supplementary Figure 6). By contrast, the lowest-risk group included FMs engaged in gardening, landscaping and
reforestation companies, small animal farming, and stud farming. Viticulture was the only farming activity

exhibiting a sex difference, with male FMs having a higher risk than females.

For SA7, FMs were considered PD cases if they had at least one drug reimbursement of any anti-Parkinson drugs
solely used to treat PD. However, FMs only on anticholinergics (trihexyphenidyl, biperiden, and tropatepine) and
neuroleptics (drug-induced parkinsonism) were not considered as PD cases. The highest-risk group included FMs
engaged in mixed cattle farming, dairy farming, crop farming, cow farming, pig farming, truck farming,
unspecified and mixed farming, and viticulture (Supplementary Table 4, Supplementary Figure 7). A positive trend
was also observed for ovine and caprine farming. By contrast, the lowest-risk group included FMs engaged in
gardening, landscaping and reforestation companies, small animal farming, training, dressage and riding clubs,
stud farming, shellfish farming and rural craftsperson. Pig farming was the only farming activity exhibiting a sex

difference, with female FMs having a higher risk than males.

For SA8, FMs who had at least one drug reimbursement of any anti-Parkinson drugs solely used to treat PD and
also a LTI declaration for Alzheimer’s disease and other related dementias (ADRD) that corresponded to ICD-10
codes FOO (“dementia in Alzheimer’s disease”), FO1 (“vascular dementia”), FO2 (“dementia in other diseases
classified elsewhere”), FO3 (“unspecified dementia”), and G30 (“Alzheimer’s disease”) were not considered PD
cases. In addition, FMs only on anticholinergics (trihexyphenidyl, biperiden, and tropatepine) and neuroleptics
(drug-induced parkinsonism) were not considered as PD cases. The highest-risk group included FMs engaged in
mixed cattle farming, crop farming, dairy farming, pig farming, cow farming, unspecified and mixed farming, and
truck farming (Supplementary Table 4, Supplementary Figure 8). A positive trend was also observed for viticulture

and ovine and caprine farming. By contrast, the lowest-risk group included FMs engaged in gardening, landscaping
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and reforestation companies, small animal farming, training, dressage and riding clubs, stud farming, shellfish
farming and rural craftsperson. No activity exhibited a sex difference.

For SA9, FMs were considered PD cases if they had one LTI declaration with either the ICD-10 code G20
(“Parkinson’s disease™) or G21 (“secondary parkinsonism”). The highest-risk group included FMs engaged in crop
farming, mixed cattle farming, dairy farming, pig farming, fruit arboriculture, cow farming, unspecified and mixed
farming, and truck farming (Supplementary Table 4, Supplementary Figure 9). A positive trend was also observed
for viticulture and sylviculture. By contrast, the lowest-risk group included FMs engaged in gardening, landscaping
and reforestation companies, small animal farming, training, dressage and riding clubs, and stud farming. Only

viticulture exhibited a sex difference, with male FMs having a higher risk than females.

For SA10, FMs were considered PD cases if they had one LTI declaration with either the ICD-10 code F02, G20,
or G21. The highest-risk group included FMs engaged in crop farming, mixed cattle farming, dairy farming, fruit
arboriculture, viticulture, pig farming, cow farming, unspecified and mixed farming, and truck farming
(Supplementary Table 4, Supplementary Figure 10). A positive trend was also observed for sylviculture. By
contrast, the lowest-risk group included FMs engaged in gardening, landscaping and reforestation companies,
small animal farming, and stud farming. Only viticulture exhibited a sex difference, with male FMs having a higher

risk than females.

For SA11, FMs were considered PD cases if they had either at least one LTI declaration (FO2, G20, G21), one
ODC declaration, or one drug reimbursement of any anti-Parkinson drugs even, if the drug is not solely used for
PD. The highest-risk group included FMs engaged in crop farming, dairy farming, mixed cattle farming, pig
farming, fruit arboriculture, cow farming, viticulture, unspecified and mixed farming, and truck farming
(Supplementary Table 4, Supplementary Figure 11). A positive trend was also observed for ovine and caprine
farming and wood production. By contrast, the lowest-risk group included FMs engaged in small animal farming,
training, dressage and riding clubs, stud farming, and rural craftsperson. Three activities exhibited a sex difference,
with male FMs having a higher risk than females for viticulture and stud farming; while female FMs engaged in

mixed cattle farming had a higher risk than males.

For SA12, FMs were considered PD cases if they had either at least one LTI (F02, G20), one ODC declaration, or
two drug reimbursements of any anti-Parkinson drugs solely used to treat PD. However, FMs only on
anticholinergics (trihexyphenidyl, biperiden, and tropatepine) and neuroleptics (drug-induced parkinsonism) were
not considered as PD cases. The highest-risk group included FMs engaged in crop farming, dairy farming, mixed
cattle farming, cow farming, pig farming, truck farming, and fruit arboriculture (Supplementary Table 4,
Supplementary Figure 12). A positive trend was also observed for unspecified and mixed farming, viticulture, and
ovine and caprine farming. By contrast, the lowest-risk group included FMs engaged in gardening, landscaping
and reforestation companies, small animal farming, training, dressage and riding clubs, stud farming, and rural
craftsperson. Viticulture and stud farming were the only two farming activities exhibiting a sex difference, with

male FMs having a higher risk than females.
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For SA13, FMs were considered PD cases if they had either at least one LTI (F02, G20), one ODC declaration, or
three drug reimbursements of any anti-Parkinson drugs solely used to treat PD. However, FMs only on
anticholinergics (trihexyphenidyl, biperiden, and tropatepine) and neuroleptics (drug-induced parkinsonism) were
not considered as PD cases. The highest-risk group included FMs engaged in crop farming, dairy farming, mixed
cattle farming, pig farming, cow farming, truck farming, and fruit arboriculture (Supplementary Table 4,
Supplementary Figure 13). A positive trend was also observed for unspecified and mixed farming, viticulture, and
ovine and caprine farming. By contrast, the lowest-risk group included FMs engaged in gardening, landscaping
and reforestation companies, small animal farming, training, dressage and riding clubs, and stud farming. A
negative trend was also observed for shellfish farming. Viticulture, stud farming and gardening, landscaping and
reforestation companies were the only farming activities exhibiting a sex difference, with male FMs having a

higher risk than females, with the exception of gardening, landscaping and reforestation companies.

For SA14, FMs were considered PD cases if they had either at least one LTI (F02, G20), one ODC declaration, or
six drug reimbursements of any anti-Parkinson drugs solely used to treat PD. However, FMs only on
anticholinergics (trihexyphenidyl, biperiden, and tropatepine) and neuroleptics (drug-induced parkinsonism) were
not considered as PD cases. The highest-risk group included FMs engaged in dairy farming, crop farming, mixed
cattle farming, pig farming, cow farming, fruit arboriculture, and unspecified and mixed farming (Supplementary
Table 4, Supplementary Figure 14). A positive trend was also observed for truck farming, and viticulture. By
contrast, the lowest-risk group included FMs engaged in poultry and rabbit farming, gardening, landscaping and
reforestation companies, small animal farming, training, dressage and riding clubs, and stud farming. Viticulture
and training, dressage, riding clubs were the only farming activities exhibiting a sex difference, with male FMs
having a higher risk than females. A trend was also observed for unspecified specialized farming and stud farming,
with risk higher for males than females. In contrast, a trend with higher risk among females than males was

observed for both truck farming and shellfish farming.
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250

251
252
253
254
255
256
257

Both sexes Female Male

Crop farming (e.g., wheat, corn, and industrial grower)- n= 319333, m=1123 i 1.67 [1.53 - 1.82] | | n=106822, m =432 EH 1.74[1.5 - 2.02] n=212511, m =691 EH 1.67 [1.5 - 1.87]
Mixed cattle farming- n=31514, m=119 i 1.73[1.44 - 2.08] n= 58288, m=34 i 1.76 [1.25 - 2.48] n=23226, m =85 iH 1.66 [1.34 - 2.07]
Dairy farming- n=163823, m = 495 i 1.56 [1.42-1.72] n=>50749, m= 168 EH 1.58[1.34-1.88] || n=113074, m =327 * 1.49 [1.32 - 1.68]
I
Pig farming{ n=13828, m=43 EH 1.69[1.25-2.29] n=3977,m=13 H 1.82 [1.05 - 3.15] n=9851, m=30 H 16[1.12-2.3]
Fruit arboriculture-| n=25209, m = 82 + 1.35[1.08 - 1.68] n=28022, m=26 1.35[0.91 - 2.01] n=17187, m = 56 1.36 [1.04 - 1.79]
Truck farming, floriculture/flower-growing- n = 43881, m=115 + 1.29 [1.07 - 1.55] n=13430, m =42 1.49[1.1 - 2.04] n=30451, m=73 1.19 [0.95 - 1.51]
Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming)-| n=129633, m= 393 1.18[1.06 - 1.32] n=40172, m =138 1.25[1.05-1.5] n = 89461, m = 255 1.13 [0.99 - 1.29]
Cow farming- n=113913, m =346 1.16 [1.04 - 1.3] n=233858, m=116 1.28 [1.05 - 1.55] n = 80055, m = 230 1.1[0.96 - 1.26]
Sylviculture/forestry (e.g., thinning, pruning){ n=2172, m=10 H 1.81 [0.98 - 3.38] n=363,m=4 H 3.08[1.15-8.22] n=1809, m=56 M 1.54 [0.69 - 3.43]
|
Viticulture n=123513, m= 369 * 1.07[0.94-1.21] n=43746, m= 116 H 0.87 [0.7 - 1.09] n="79767, m =253 H 1.23[1.05 - 1.43]
QOvine and caprine farming-{ n= 49281, m=110 H 1.05 [0.87 - 1.27] n=17617, m =30 HI 0.83 [0.58 - 1.2] n=31664, m =80 H 1.16 [0.93 - 1.45]
i
Agricultural work companies (e.g., pesticide applications, harvest reaping)| n=15672, m=23 H 1.01[0.67 - 1.52] n=1890,m=4 |—:-1 1.48 [0.55 — 3.95] n=13782,m=19 H 0.97 [0.62 - 1.52]
Company representative/authorized representativef n=1%40,m=4 }—i-—| 1.77 [0.67 - 4.73] n=1504, m=3 H-—| 1.81 [0.58 - 5.62] n=436,m=1 i not calculated
I ] I
Wood production (e.g., lopping){ n=11470, m=16 H 0.96 [0.59 - 1.57] n=305,m=0 i not calculated n=11165 m=16 H 1.07 [0.65 - 1.79]
Unspecified large animal farming (e.g., ostrich, llama)y n=3030,m=6 |-H 1.28 [0.58 - 2.86] n=1462, m=2 i not calculated n=1568, m=4 H'-| 1.56 [0.59 - 4.17]
I | |
Poultry and rabbit farmingy  n=25956, m =31 H 0.72 [0.51 - 1.03] n=10240,m=9 H 0.53 [0.28 - 1.03] n=15716, m =22 H 0.83 [0.55 - 1.27]
Garden center/tree nursery- n=5443, m=8 H 0.78 [0.39 - 1.56] n=1443, m=1 i not calculated n=4000,m=7 H—{ 0.92 [0.44 - 1.94]
Training, dressage, riding clubs{ n=14998, m=11 H 0.6 [0.33 - 1.08] n=6694, m=10 E not calculated n=8304, m=11 H 0.92 [0.51 - 1.66]
Unspecified specialized farming (e.g., herbs, mushrooms)y n=6683, m=7 H 0.57 [0.27 - 1.19] n=2447, m=0 i not calculated n=4246,m=7 H-| 0.87 [0.41 - 1.83]
Shellifish farming (e.g., oyster farming, scallop aquaculture)- n=3833, m=4 |—U:-| 0.65[0.24 - 1.72] n=737,m=2 i not calculated n=3096,m=2 i not calculated
Gardening, landscaping and reforestation companies{ n=49291, m=36 H 0.62 [0.44 - 0.86] n=2571,m=1 i not calculated n=46720, m =35 H 0.7 [0.5-0.98]
Stud farming| n=172%7, m=25 H 0.63 [0.42 - 0.93] n=7494, m=5 Hi 0.36 [0.15 - 0.87] n=9803, m=20 H 0.79 [0.51 - 1.23]
Unspecified small animal farming (e.g., frogs, snails, bees){ n = 20025, m=13 Hi 0.37[0.21 - 0.64] n=8649, m=1 i not calculated n=11376,m =12 H 0.55 [0.31 - 0.97]
Salt works/salt evaporation pond+ n=983, m=0 i not calculated n=221,m=0 E not calculated n=762,m=0 i not calculated
Stationary sawmill (e.g., edging, trimming, decking, debarking)- n=796m=1 i not calculated n=55m=0 i not calculated n=741,m=1 i not calculated
Rural craftsperson (e.g., mason, mechanics) n=7700,m=1 i not calculated n=283, m=10 i not calculated n=7417,m=1 i not calculated
0.010.1 % 10 0.010.1 ‘; 10 0.0101 “I 10

Hazard ratio

Supplementary Figure 6: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 6

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes™ only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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258

259

260
261

263
264
265

Both sexes Female Male

Mixed cattle farming{ n=31327, m= 306 E 1.73[1.54 - 1.94] n=8213, m= 109 H 1.79 [1.48 - 2.17] n=23114, m = 197 E 1.64 [1.42 - 1.89]
Dairy farming n=162998, m = 1320 i 1.55 [1.46 - 1.65] n = 50423, m =494 i 1.42[1.29 - 1.56] n=112575 m =826 i 1.57 [1.45-1.69]

Crop farming (e.g., wheat, corn, and industrial grower){ n=2317698, m = 2758 i 1.58 [1.43-1.72] | | n=106128, m = 1126 H 1.64 [1.47 - 1.92] || n=211570, m = 1632 i 1.56 [1.4 - 1.81]

Cow farming{ n=113308, m =951 E 1.32[1.23 - 1.41] n=33621, m=353 E 1.35[1.21 - 1.51] n = 79687, m = 538 E 1.28[1.18 - 1.4]
Pig farming{ n=13769, m=102 H 1.44 [1.19 - 1.76] n=3949, m=41 H 1.69[1.24 -2.31] n=9820, m =61 + 1.27 [0.98 - 1.63]
Truck farming, floriculture/flower-growing{ n = 43699, m= 297 1.19[1.06 - 1.34] n=13358, m=114 + 1.25[1.04 -1.51] n=30341, m =183 1.15[0.99 - 1.33]
Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming){ n=129092, m =934 1.14[1.06 - 1.22] n = 39957, m = 353 1.08 [0.96 - 1.2] n=89135 m =581 1.15[1.06 - 1.26]
Viticulture{ n=122783, m = 1099 1.07 [1.01 - 1.14] n = 43395, m = 467 1.05[0.96 - 1.16] n=79388, m = 632 1.08 [1.01-1.18]
Ovine and caprine farming{ n=4%077, m=314 1.09 [0.97 - 1.21] n=17532, m=115 H 1[0.83 -1.21] n=31545 m =199 1.14[0.99 - 1.32]

{
Fruit arboriculture| n=25105, m=186 1[0.87 - 1.16] n=7984, m=64 H 0.94[0.73-1.2] n=17121, m=122 E 1.05[0.88 - 1.25]
Wood production (e.q., lopping){ n=11431, m=55 H 1.07[0.82 - 1.4] n=303.m=2 i not calculated n=11128, m=53 IH 1.13 [0.86 - 1.48]
1 1 1
Garden center/tree nursery n=5419, m=32 |:-| 1.08 [0.77 - 1.54] n=1438, m=6 H 0.67 [0.3 - 1.5] n=23981, m=26 H 1.27 [0.86 - 1.86]
Poultry and rabbit farming{ n = 25865, m =122 H 0.93[0.77 - 1.11] n=10195 m=54 H 0.93[0.71-1.22] n= 15670, m=68 H 0.91[0.72 - 1.16]
il
Agricultural work companies (e.g., pesticide applications, harvest reaping){ n=15638, m =57 H 0.85[0.65- 1.1] n=1888, m=6 }-:r| 0.63[0.28 - 1.4] n=13750, m=51 H 0.9 [0.69 - 1.19]
Unspecified large animal farming (e.g., ostrich, llama){ n=3021,m=15 |<H 0.99 [0.6 - 1.65] n=1458,m=6 H—| 0.77 [0.34 - 1.71] n=1563, m=9 H-| 1.2[0.62 - 2.3]
1 1 1

Company representative/autherized representative n=1935m=9 |-:-| 1.13[0.59 - 2.17] n=1500,m=7 H 1.14 [0.54 - 2.4] n=435m=2 E not calculated
Unspecified specialized farming (e.g., herbs, mushrooms){ n=6672,m=28 HI 0.79 [0.54 - 1.14] n=2438, m=9 H 0.63[0.33 -1.21] n=4234,m=19 HI 0.88 [0.56 — 1.39]
Stationary sawmill (e.g., edging, trimming, decking, debarking) n=79,m=6 H 1.19 [0.53 - 2.64] n=55m=0 E not calculated n=736m=6 H 1.35[0.61 - 3.01]
Sylviculture/forestry (e.g.. thinning, pruning){  n=2169, m=13 H—| 0.87 [0.51 - 1.51] n=361,m=6 H 1.79[0.81 - 4] n=1808, m=7 H-| 0.65[0.31-1.37]

Salt works/salt evaporation pond n=980,m=3 |—OH 0.51 [0.17 - 1.59] n=220,m=1 i not calculated n=760,m=2 i not calculated

Gardening, landscaping and reforestation companies{ n=49175 m=152 Hi 0.7 [0.6 - 0.83] n=2562, m=10 H-{ 0.81[0.44 -1.51] n=46613, m = 142 H 0.76 [0.64 - 0.9]
Unspecified small animal farming (e.g., frogs, snails, bees){ n = 19983, m = 55 Hi 0.46 [0.35 - 0.5] n=8631, m=19 H i 0.37[0.23-057] || n=11352,m=36 Hi 0.52 [0.38 - 0.73]
Stud farming n=17276, m =46 H i 0.41[0.3 - 0.54] n=7487,m=12 H i 0.27[0.15-0.47] n=978%, m=34 Hi 0.51[0.37 - 0.72]

Shellfish farming (e.g., oyster farming, scallop aquaculture){ n=3826,m=11 H 0.53 [0.29 - 0.95] n=737,m=2 i not calculated n=3089, m=9 H 0.58 [0.3 - 1.11]
Training, dressage, riding clubs{ n= 14982, m = 27 Hi 0.41[0.28 - 0.5] n=6686,m=8 Hi 0.32[0.16 - 0.63] n=8296, m =19 Hi 0.47[0.3-0.75]
Rural craftsperson (e.g.. mason, mechanics) n=769, m=5 i 0.15[0.06 - 0.36] n=283, m=10 i not calculated n=7413,m=5 |—0—| i 0.16 [0.07 - 0.38]

0.010.1 % 10 0.010.1 % 10 0.010.1 i 10

Hazard ratio

Supplementary Figure 7: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 7

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes” only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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266

267
268
269
270

272
273

Mixed cattle farming

Crop farming (e.g.. wheat, corn, and industrial grower)

Dairy farming

Cow farming

Pig farming

Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming)

Truck farming, flericulture/flower—-growing

Both sexes

Female

Male

n=31317,m =316
n=2317663, m = 2793
n=162950, m = 1368

n=113272, m = 987

n=13761,m=110
n=129029, m = 997

n=43687, m =309

172 [1.54-1.93]
1.65[1.52 - 1.91]
1.55 [1.46 — 1.65]
132 [1.24-1.42)
1.5[1.24 - 1.81]
148 [1.11 - 1.26]

1.21[1.08 - 1.35]

n=8211, m=111
n=106126, m= 1128
n=50410, m = 507
n = 33614, m = 360
n=3949, m=41
n=39925, m = 385

n=13355, m=117

1.79[1.48 - 2.16]
1.75[1.48 - 2.01]
1.43[1.3 - 1.58]
136122152
1.65[1.21-2.25]
1147 [1.05-1.3]

1.27[1.05-1.53]

n=23106, m = 205
n=211537, m = 1665
n=112540, m = 861

n=79658, m = 627

n=9812, m =69

n=89104, m = 612

n=30332, m =192

P U D .

——

——

1,62 [1.41-1.86]
1,64 [1.49 - 1.89]
156 [1.45 - 1.68]
129[1.18 - 1.4]
136 [1.07 - 1.73]
146 [1.07 - 1.27]

147 [1.01-1.35]

Viticulture| n=122772,m = 1110 1.05[1-1.12] n=43401, m = 461 1.03[0.93-1.14] n="79371, m =649 1.07 [1.01 - 1.16]
Ovine and caprine farming{ n=49069, m = 322 1.08 [0.97 - 1.21] n=17533, m=114 0.97 [0.81-1.17] n=31536, m = 208 1.15[1-1.32]
Fruit arboriculture{ n=25098,m =193 1.02 [0.88 - 1.17] n=7983, m=65 E 0.94[0.74-1.2] n=17115, m =128 1.06 [0.89 - 1.27]
Wood production (e.g., lopping){ n=11430, m =56 H 1.05[0.81-1.37] n=304,m=1 i not calculated n=11126, m =55 H 1.14 [0.87 - 1.49]
1 | h
Poultry and rabbit farming| n=25860, m =127 H 0.93[0.78 - 1.11] n= 10193, m =56 H 0.94[0.72 - 1.23] n=15667, m=71 H 0.91[0.72 - 1.15]
Garden center/tree nursery n=5419,m=32 H 1.05 [0.74 - 1.49] n=1438, m=6 H—| 0.66 [0.3 - 1.47] n=3981, m=26 IH 1.22[0.83 - 1.8]
| 1 h
Agricultural work companies (e.g., pesticide applications, harvest reaping)] n=15634, m =61 H 0.88 [0.68 - 1.13] n=1888, m=6 |—-H 0.62[0.28 - 1.37] n=13746, m = 55 H 0.94 [0.72-1.23]
Sylviculture/forestry (e.g., thinning, pruning) n=2166,m=16 H 1.05[0.65-1.72] n=361,m=6 H 1.8 [0.81-4.01] n=1805, m=10 H-| 0.91 [0.49 - 1.69]
] ! ]
Unspecified large animal farming (e.g., ostrich, llama) n=3020,m=16 H 1.04 [0.64-1.7] n=145, m=6 |—-:—{ 0.75[0.34 - 1.67] n=1562, m=10 H 13[0.7 - 241]
Company representative/authorized representative n=1935m=9 }-H 1.11[0.58 - 2.14] n=1500,m=7 }—H 1.12[0.53 - 2.34] n=435m=2 i not calculated
Unspecified specialized farming (e.g., herbs, mushrooms) n=6671,m=29 HI 0.79 [0.55 - 1.14] n=2438, m=9 H 0.62[0.32-1.19] n=4233, m=20 H 0.9[0.58 - 1.4]
Stationary sawmill (e.g., edging, trimming, decking, debarking) n=792,m=>5 H—| 0.96[0.4-2.3] n=55m=0 i not calculated n=737,m=5 |-'H 1.09 [0.45 - 2.62]
Gardening, landscaping and reforestation companies{ n=49168, m= 159 Hl: 0.71[0.61-0.84] n=2562,m=10 |1:-| 0.79[0.42 - 1.47] n =46606, m =149 H 0.78 [0.66 - 0.92]
Unspecified small animal farming (e.g., frogs, snails, bees)| n=19982, m =56 Hi 0.46 [0.35 - 0.59] n=38631,m=19 H i 0.36 [0.23 - 0.56] n="11351, m=37 Hi 0.53 [0.38 - 0.73]
Stud farming n=17272, m =50 H i 0.43[0.33 - 0.57] n=7486,m=13 H i 0.28 [0.17 - 0.49] n=9786, m =37 Hi 0.54 [0.39 - 0.75]
Shellfish farming (e.g., oyster farming, scallop aquaculture){ n=3825m=12 H 0.56 [0.32 - 0.99] n=736m=3 : 0.71[0.23-2.2] n=3089, m=9 H 0.57 [0.29 - 1.09]
Training, dressage, riding clubs{ n=14980, m=29 HE 0.43[0.3-0.62] n=6686,m=28 |--|E 0.31[0.15-0.61] n=8294, m=21 HE 0.51[0.33 - 0.78]
Rural craftsperson (e.g., mason, mechanics) n=7696, m=5 H i 0.14 [0.06 - 0.35] n=283,m=0 i not calculated n=7413, m=5 H i 0.15[0.06 - 0.37]
Salt works/salt evaporation pond n=981,m=2 i not calculated n=221,m=0 i not calculated n=760,m=2 i not calculated
0.010.1 % 10 0.010.1 % 10 0.010.1 1I 10

Hazard ratio

Supplementary Figure 8: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 8

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes™ only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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274

275
276
277
278
279
280
281

Both sexes Female Male

] ] I
Crop farming (e.g., wheat, corn, and industrial grower){ n=2319341, m=1115 :u 1.66[1.52-1.81] || n=106825 m =429 :H 1.74[1.5-2.02] n= 212516, m = 686 }* 1.66 [1.49 - 1.85]
1 1 |
Mixed cattle farming{ n=31514,m =119 EH 1.73[1.44 - 2.08] n=8288, m =34 EH 1.77 [1.25 - 2.49] n=23226, m = 85 EH 1.67 [1.34 - 2.08]
1 | |
Dairy farming{ n=163823, m =495 :* 1.57 [1.42 - 1.73] n = 50749, m = 168 :H 1.59 [1.34 - 1.88] n="113074, m =327 * 1.49[1.32 - 1.68]
!
Pig farming{ n=13828, m=43 EH 17[1.26-2.3] n=3977,m=13 H 1.82 [1.05-3.16] n =9851, m=30 H 1.61[1.12 - 2.31]
Fruit arboriculture| n=25209, m = 82 + 1.35[1.08 - 1.69] n=28022,m=26 H 1.36 [0.91-2.01] n=17187, m =56 1.37[1.04 - 1.79]
Truck farming, floriculture/flower-growing{ n=43881,m=115 1.29 [1.07 - 1.56] n=13430, m=42 EH 15[1.1-2.04] n=30451, m=73 1.2[0.95-1.51]
Unspecified and mixed farming (e.g.. polyculture, mixed farming, diversified farming){ n=129633, m =393 1.19[1.07 -1.32] || n=40172,m=138 1.26[1.05 - 1.5] n=89461, m = 255 114[1-13]
Cow farming{ n=113914, m =345 1.16 [1.04 - 1.3] n=33859, m=115 1.27 [1.04 - 1.54] n=280055, m =230 1.1[096-1.27]
i i
Sylviculture/forestry (e.g., thinning, pruning) n=2172,m=10 -{ 1.82[0.98 - 3.39] n=363, m=4 :|—0—| 3.09[1.16 -8.25] n=1809, m=6 }-}0—| 1.54 [0.69 - 3.44]
|
Viticulture{ n=123514, m = 368 + 1.07 [0.94 - 1.21] n=43746,m =116 H 0.74 [0.61-0.89] n="79763, m =252 EH 1.56 [1.34 - 1.83]
!
Ovine and caprine farming{ n=49281,m=110 H 1.05 [0.87 - 1.27] n=17617, m =30 H 0.84 [0.58 - 1.2] n = 31664, m = 80 H 1.16 [0.93 - 1.46]
i
Agricultural work companies (e.g., pesticide applications, harvest reaping){ n=15672, m=23 |:0| 1.01[0.67 - 1.53] n=1890, m=4 H-—{ 1.48 [0.56 — 3.97] n=13782, m=19 H 0.97 [0.62 - 1.53]
1 1 |
Company representative/authorized representative n=1940,m=4 |+-—{ 1.78 [0.67 - 4.75] n=1504, m=3 }—:-—{ 1.81[0.58 - 5.63] n=436m=1 i not calculated
1 1 |
Wood production (e.g., lopping){ n= 11470, m =16 H 0.96[0.59 - 1.57] n=305m=0 i not calculated n=11165 m=16 H 1.07 [0.65 - 1.75]
1 1 |
Unspecified large animal farming (e.g., ostrich, llama) n=3030,m=6 |+-| 1.29 [0.58 - 2.87] n=1462, m=2 : not calculated n=1568, m=4 }—}-—| 1.57 [0.59 - 4.18]
| | |
Poultry and rabbit farming n = 25956, m =31 H 0.73[0.51-1.03] n=10240,m=9 H 0.54 [0.28 - 1.03] n=15716, m =22 H 0.83 [0.55 - 1.27]
|
Garden centeritree nursery n=5443, m=8 M 0.78 [0.39 - 1.56] n=1443, m=1 : not calculated n=4000,m=7 M 0.93[0.44 - 1.94]
1 ] I
1 |
Training, dressage, riding clubs n=14998, m=11 H 0.6[0.33 - 1.08] n=6694, m=0 ! not calculated n=8304, m=11 H 0.92 [0.51 - 1.67]
] I
Unspecified specialized farming (e.g., herbs, mushrooms) n=6693, m=7 H 0.57 [0.27 - 1.2] n=2447, m=10 i not calculated n=4246,m=7 |-+| 0.87 [0.42 - 1.83]
i 1 |
1 ] I
Shellfish farming (e.g., oyster farming. scallop aquaculture) n=3833, m=4 H 0.65[0.24-1.73] n=737,m=2 | not calculated n=3096,m=2 | not calculated
1
Gardening, landscaping and reforestation companies{ n=49291, m=36 H 0.62 [0.44 - 0.86] n=2571, m=1 | not calculated n=46720,m=35 H 0.7 [0.5- 0.99]
]
|
Stud farming n="17297, m=25 H 0.63 [0.43 - 0.94] n=7494, m=5 H 0.36 [0.15-0.87] n=29803, m=20 H 0.8[0.51-1.24]
Unspecified small animal farming (.9., frogs, snails, bees)y n=20025, m=13 H: 0.37[0.22 - 0.64] n=38649, m=1 i not calculated n=11376,m=12 H 0.55[0.31 - 0.97]
1 1
] ] I
Salt works/salt evaporation pond n=983,m=0 : not calculated n=221,m=0 : not calculated n=762,m=0 ; not calculated
1 1 |
Stationary sawmill (e.g., edging, trimming, decking, debarking) n=796,m=1 | not calculated n=55m=40 | not calculated n=741,m=1 | not calculated
] ] I
1 1 |
Rural craftsperson (e.g., mason, mechanics) n=7700,m=1 : not calculated n=283,m=0 : not calculated n=7417,m=1 } not calculated
L L I
00101 1 10 00101 1 10 0.010.1 1 10

Hazard ratio

Supplementary Figure 9: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 9

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes™ only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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282

283
284
285
286
287
288
289

Both sexes Female Male
] ] I
Crop farming (e.g., wheat, corn, and industrial grower){ n=319353, m=1103 :* 1.69 [1.54 - 1.84] n=106822, m = 432 :H 1.75[1.51 - 2.03] n=212531, m=671 }H 1.69 [1.51 - 1.89]
1 1 |
Mixed cattle farming{ n=31519,m=114 :H 1.73[1.43 - 2.09] n=28288, m=34 :H 1.78[1.26 - 2.5] n=23231, m=80 }H 1.66 [1.33 - 2.08]
1 i |
1 I |
Dairy farming{ n=163840, m =478 :* 1.57 [1.42 - 1.73] n = 50750, m = 167 :H 1.59 [1.34 - 1.88] n=113090, m =311 * 1.5[1.32 - 1.69]
I
Fruit arboriculture{ n= 25211, m=80 H 1.5[1.2 - 1.88] n=8022, m=26 H 1.36 [0.91 - 2.02] n=17189, m=54 H 1.36 [1.03 - 1.79]
)
Viticulture|{ n=123526, m =356 + 1.37[1.2 - 1.56] n=43748, m=114 0.72[0.59 - 0.88] n=T79778, m =242 H 1.22 [1.04 - 1.43]
i
Pig farming n=13833, m =238 i.| 1.57 [1.14 - 2.16] n=23978, m =12 1.69 [0.96 - 2.99] n= 9855, m=26 H 148[1.2-2.18]
i
Truck farming, floriculture/flower-growing{ n=43883, m=113 + 1.31[1.08 - 1.58] n=13430,m=42 :H 1.5[1.1 - 2.05] n=30453, m="71 1.21 [0.96 - 1.54]
Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming){ n=129648, m =378 117 [1.05-1.31] n=40173, m =137 H 1.25[1.04-1.5] n = 89475, m =241 1.12 [0.98 - 1.28]
Cow farming{ n=113923, m =336 117 [1.04 - 1.31] n= 233859, m=115 H 1.27 [1.05 - 1.54] n = 80064, m =221 N 1.11 [0.97 - 1.28]
Sylviculture/forestry (e.g., thinning, pruning) n=2172, m=10 H 1.85[1-3.44] n=363, m=4 E|—-—| 3.09 [1.16 - 8.25] n=1809, m=6 H 1.57 [0.71 - 3.51]
I
Ovine and caprine farming{| n=49284, m =107 H 1.05[0.87 — 1.28] n=17617, m =30 H 0.84 [0.58 - 1.21] n=31667, m=77 H 117 [0.93 - 1.47]
i
Company representative/authorized representative n=1940,m=4 H'—{ 1.8 [0.67 - 4.8] n=1504, m=3 Ho—{ 1.82 [0.59 - 5.67] n=436m=1 i not calculated
] ] I
Agricultural work companies (e.g.. pesticide applications, harvest reaping)y n= 15673, m=22 H 1[0.66 - 1.53] n=18%0,m=4 }—:-—{ 1.49 [0.56 - 3.99] n=13783, m=18 H 096 [0.6-1.53]
] ] I
Wood production (e.g., lopping)| n=11470,m =16 H 11[0.61 - 1.83] n=305m=0 i not calculated n=11165 m=16 H 1.12 [0.68 - 1.83]
1 1 |
Unspecified large animal farming (e.g., ostrich, llama) n=3030,m=6 H 1.31[0.59 - 2.91] n=1462, m=2 ! not calculated n=1568, m=4 |—}-—| 1.61[0.6-4.29]
| | |
Poultry and rabbit farming{ n = 25357, m =30 H 0.73[0.51 - 1.04] n=10240, m=9 H 0.54[0.28 - 1.04] n=15717, m=21 H 0.84 [0.55 - 1.29]
|
Garden centeritree nursery n=5444, m=7 H 0.71[0.34 - 1.48] n=1443, m=1 ! not calculated n=4001,m=6 H 0.83 [0.37 - 1.85]
I ] I
1 |
Training, dressage, riding clubs n=14998, m=11 H 0.62[0.34 - 1.12] n=6694, m=10 ! not calculated n=28304, m="11 H 0.96 [0.53 - 1.73]
1 |
Shellifish farming (e.g., oyster farming, scallop aquaculture) n=3833,m=4 }—-}—| 0.67 [0.25 - 1.77] n=73f,m=2 | not calculated n=3096,m=2 | not calculated
| 1 |
1 I
Unspecified specialized farming (e.g., herbs, mushrooms) n=6694, m=6 0.5[0.23 - 1.12] n=2447, m=10 T not calculated n=4247, m=6 H 0.77[0.35-1.72]
|
Stud farming n=17298, m=24 0.62 [0.41 - 0.92] n=7494, m=5 H 0.36 [0.15 - 0.87] n=29804, m=19 H 0.77 [0.49 - 1.21]
|
(] ]
Gardening, landscaping and reforestation companies n=49294, m=133 H: 0.59 [0.41 - 0.83] n=2571,m=1 i not calculated n=46723, m=32 0.67 [0.47 - 0.95]
1 ]
Unspecified small animal farming (e.g., frogs, snails, bees)y n=20025,m=13 H: 0.38 [0.22 - 0.65] n=8649, m=1 i not calculated n=11376, m=12 0.5710.32 -1]
1 1
1 1 |
Salt works/salt evaporation pond n=983, m=0 : not calculated n=221,m=0 : not calculated n=762,m=0 } not calculated
1 1 |
Stationary sawmill (e.g., edging, trimming, decking, debarking) n=79,m=1 | not calculated n=55m=10 | not calculated n=741,m=1 | not calculated
] ] I
1 1 |
Rural craftsperson (e.g., mason, mechanics) n=7700,m="1 : net calculated n=283, m=0 : net calculated n=7417, m=1 ; not calculated
I I I
00101 1 10 00101 1 10 0.010.1 1 10

Hazard ratio

Supplementary Figure 10: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 10

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis) while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease, while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes™ only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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290

291
292
293
294
295
296
297

Crop farming (e.g., wheat, corn, and industrial grower)
Dairy farming

Mixed cattle farming

Pig farming

Fruit arboriculture

Cow farming

Truck farming, floriculture/flower—growing

Viticulture

Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming)
Ovine and caprine farming

Wood production (e.g., lopping)

Poultry and rabbit farming

Both sexes

Female

Male

n=317093, m= 3363

——

T
1
!
n = 162668, m = 1650 d'
n = 31268, m = 365 i

!
n=13734, m= 137 :
n = 25071, m = 220 E
n=113113, m= 1146
n = 43633, m = 363
n=12253, m= 1343
= 128862, m= 1164

n = 49016, m= 375

n=1147, m=69

n=25818, m= 169

1.66[1.55 - 1.8]
1.47[1.4 - 1.55]
1.51 [1.36 — 1.68]
1.45[1.23 - 1.72]
1.5[1.2 - 1.87]

118 [1.11 - 1.26]
1.22[1.1 - 1.36]
1.08 [1.02 - 1.14]
1.08 [1.02 - 1.16]
1.04[0.94 - 1.16]
1.19 [0.94 - 1.51]

1.03 [0.88 - 1.2]

n= 105847, m = 1407
n = 50266, m = 651
n=38183, m=1390

n=3938, m=52

n=7975, m=73
n = 33545, m = 420
n= 13327, m= 145
n = 43271, m = 591
n = 30863, m = 447
n=17506, m= 141

n=303.m=2

n= 10176, m =73

1.75[1.51 - 2.03]
1.48 [1.36 - 1.61]
1.71 [1.44 - 2.03]
1.65 [1.25 - 217]
1.35[0.91-2.01]
1.2 [1.09 - 1.33]
1.32[1.12 - 1.56]
0.87 [0.7 - 1.09]
1.06 [0.96 — 1.17]
0.95[0.81 - 1.13]
not calculated

0.98 [0.77 - 1.23]

n = 211246, m = 1956

ﬂ

n=112402, m = 999

n = 23085, m = 226

n = 9796, m =85

n =17096, m = 147

R,

n=79568, m =717
n = 30306, m =218
n =79268, m =752 +
n = 88999, m =717
n=31510, m =234

n=11114, m =67

n= 15642, m =96

1.65 [1.52 - 1.85]
1.41[1.32 - 1.51]
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Supplementary Figure 11: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 11

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes” only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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Supplementary Figure 12: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 12
Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes” only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming

activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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Supplementary Figure 13: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 13

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes” only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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n=T7696, m=4 0.17 [0.06 - 0.45] n=283,m=0 i not calculated n=7413, m=4 |—v—| i 0.18 [0.07 - 0.47]
n=2980, m=0 not calculated n=220,m=0 i not calculated n=760,m=0 i not calculated
n=791,m=2 not calculated n=55,m=0 i not calculated n=736m=2 i not calculated
0.010.1 10 0.010.1 i 10 0.010.1 1‘ 10

Hazard ratio

Supplementary Figure 14: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 14

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes™ only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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Sensitivity analysis 15 — using only one farming activity as reference

In the main analysis and other sensitivity analyses, we considered farm managers to be exposed to a given farming
activity if they had been engaged in this activity at least once between 2002 and 2016 (1 yearly declaration to
MSA). Instead, in this sensitivity analysis, each farm manager was considered to be engaged solely in their longest
farming activity ever practiced in terms of number of years. In case the longest exposure corresponded to several
farming activities (e.g., 4 years as a dairy farmer, then 4 years as crop farmer), only the oldest farming activity
(e.g., dairy farming in the previous example) was considered.

Similarly to the main analysis, for this sensitivity analysis, FMs were considered to have PD if they had at least
one LTI declaration for PD (ICD-10 code G20 or F02), one ODC declaration for PD, or one reimbursement of any
drugs solely used to treat PD (i.e., all antiparkinsonian agents, with the exception of pramipexole, rotigotine,
amantadine, and lisuride) (Supplementary Table 7). However, FMs only on anticholinergics (trihexyphenidyl,
biperiden, and tropatepine) and neuroleptics (drug-induced parkinsonism) were not considered PD cases.

The highest-risk group included FMs engaged in mixed cattle farming, dairy farming, crop farming, fruit
arboriculture, cow farming, sylviculture, truck farming, pig farming, and viticulture (Supplementary Table 4,
Supplementary Figure 15). By contrast, the lowest-risk group included FMs engaged in gardening, landscaping
and reforestation companies, small animal farming, training, dressage and riding clubs, stud farming, and rural
craftsperson. Two activities exhibited a sex difference, with male FMs having a higher risk than females for

viticulture and stud farming.
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341

342

343
344

346
347
348

Both sexes Female Male
1

Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming)| n=118031, m=958 ¢ Reference n = 36697, m = 378 Reference n=281334, m = 580 Reference

]

Mixed cattle farming| n=29316, m=317 : 1.43[1.25 - 1.62] n=7701, m= 106 1.38 [1.11-1.71] n=21615m=211 1.43 [1.22 - 1.67]

Dairy farming{ n= 146497, m = 1286 I 1.35[1.24 - 1.47] n = 44705, m = 472 1.29 [1.12 - 1.48] n=101792, m =814 1.36 [1.22 - 1.52]
I

Crop farming (e.g., wheat, corn, and industrial grower)| n= 279218, m = 2776 : 1.25[1.18 - 1.33] n=93664, m= 1138 1.18 [1.17 - 1.41] | | n=185554, m = 1638 1.16 [1.17 - 1.36]

Fruit arboriculture{ n=22320, m =167 1.27[1.14 - 1.43] n=7086, m=54 1.14 [0.96 - 1.39] n=15234, m=113 1.34[1.12 - 1.58]

Cow farming{ n = 103087, m =904 117 [1.08 - 1.27] n=30254, m =315 111 [1.02 - 1.34] n=T72833, m =589 1.21 [1.09 - 1.35]

Sylviculture/forestry (e.g., thinning, pruning) n=1703, m=14 >| 1.06 [1.06 - 1.8] n=274m=6 1.64 [0.73 - 3.68] n=1429, m=8 0.93 [0.46 - 1.88]

Truck farming, floriculture/flower—-growing{ n = 38909, m = 288 1.15[1.05 - 1.32] n=11863, m= 112 1.23 [1.04 - 1.49] n=27046, m =176 1.13 [1.02 - 1.39]

Pig farming{ n=12913, m=108 + 1.29 [1.05 - 1.58] n=3673, m=40 1.42 [1.02 - 1.98] n=9240, m = 68 1.2[0.93 - 1.55]

Viticulture{ n= 117930, m = 1120 1.09 [1.01 - 1.18] n=41735, m= 474 0.97 [0.85-1.11] n=T6195, m = 646 1.15[1.04 - 1.3]

Ovine and caprine farming{ n=43334, m =307 0.99 [0.87 -1.13] n=15483, m=113 0.89 [0.72 - 1.11] n=27851, m=194 1.07 [0.91 - 1.26]

Wood production (e.qg., lopping) n =693, m=48 0.98 [0.72 - 1.31] n=49,m=2 not calculated n =644, m=46 1.06 [0.78 — 1.44]

Poultry and rabbit farming{ n=24011,m=123 0.86 [0.71 - 1.04] n=29520, m=55 0.85 [0.63 - 1.14] n= 14491, m =68 0.87 [0.67 - 1.14]

Garden centerftree nursery n=4537, m=28 0.94 [0.65 - 1.37] n=1186,m=5 0.55 [0.23 - 1.32] n=3351,m=23 1.14[0.75 - 1.72]
Agricultural work companies (e.g., pesticide applications, harvest reaping){ n=47318, m=52 0.81[0.61 - 1.08] n=2418 m="7 0.79 [0.37 - 1.66] n = 44900, m =45 0.85 [0.63 - 1.16]
Unspecified large animal farming (e.g., ostrich, llama) n=2446,m=13 0.99 [0.57 -1.72] n=1187, m=6 0.83 [0.37 - 1.87] n=1259, m=7 1.16 [0.55 - 2.46]

Unspecified specialized farming (e.g., herbs, mushrooms) n=5576,m=26 0.76[0.52 -1.12] n=2077,m=7 0.49 [0.23 - 1.03] n=73499, m=19 0.97 [0.61 — 1.53]

Company representative/authorized representative n=7259, m=7 0.97 [0.46 - 2.04] n=242 m=5 0.83 [0.34 - 2.01] n=7017,m=2 not calculated
Stationary sawmill (e.g., edging, trimming, decking, debarking) n=12881, m=5 1.04 [0.43 - 2.51] n=1491, m=40 not calculated n=11390, m=5 1.23 [0.51 - 2.96]
Shellfish farming (e.g., oyster farming, scallop aquaculture) n=3405m=12 0.66 [0.37 - 1.17] n=661.m=3 0.67 [0.22 - 2.09] n=2744, m=9 0.73 [0.37 - 1.41]
Salt works/salt evaporation pond n=10488, m=3 0.58 [0.19 - 1.79] n=263, m=1 not calculated n=10225m=2 not calculated

0.84 [0.45 - 1.59] n=7368 m=148 0.88 [0.72 - 1.07]

I““I“ - ‘III‘I‘II‘ T I=-=Ir1'i:.:=r_—=.=:-::.:* -

Gardening, landscaping and reforestation companies{ n=1711, m=158 0.82 [0.68 - 0.98] n=1343, m=10

———

Unspecified small animal farming (e.g., frogs, snails, bees){ n=18307, m=51 0.48 [0.36 - 0.64] n=7982, m=17 H 0.35 [0.21 - 0.57] n=10325 m =34 0.6 [0.42 — 0.85]

Training, dressage, riding clubs n=13633, m=28 0.45[0.31 - 0.66] n=6133, m=8 H 0.3 [0.15-0.6] n=7500,m=20 0.58 [0.37 - 0.9]

___;'!:__:_i_:I_____E__I_____I_EIIIE.EE.E:.E-_.::E_H*:I+_

=T =

Stud farming n="14227, m =42 0.41[0.3 - 0.56] n=6403, m=11 H 0.24 [0.13 - 0.43] n=7824, m=31 H 0.57 [0.4 - 0.83]
i
1
Rural craftsperson (e.g., mason, mechanics) n=7263, m=4 H 0.11 [0.04 - 0.3] n=242, m=10 not calculated n=7021,m=4 H i 0.12 [0.05 - 0.33]
0.010.1 1 10 0.010.1 1 10 0.0101 1 10

Hazard ratio

Supplementary Figure 15: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 15

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes” only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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Sensitivity analysis 16 — adjusting for smoking

Because we did not have smoking data, we performed a sensitivity analysis adjusting for smoking. To that end,
we randomly generated the smoking status (current smokers/non-smokers) by assuming that there was a prevalence
of current smokers of 19% for crop farming, 9% for cattle farming, 6% for pig farming, 15% for poultry farming,
and 18% for all other farming activities. These prevalences were based on a cross-sectional study conducted in
3787 French farmers affiliated with MSA in 2013,

Similarly to the main analysis, for this sensitivity analysis, FMs were considered to have PD if they had at least
one LTI declaration for PD (ICD-10 code G20 or F02), one ODC declaration for PD, or one reimbursement of any
drugs solely used to treat PD (i.e., all antiparkinsonian agents, with the exception of pramipexole, rotigotine,
amantadine, and lisuride) (Supplementary Table 7). However, FMs only on anticholinergics (trihexyphenidyl,
biperiden, and tropatepine) and neuroleptics (drug-induced parkinsonism) were not considered PD cases.

The highest-risk group included FMs engaged in crop farming, mixed cattle farming, dairy farming, pig farming,
cow farming, truck farming, fruit arboriculture, unspecified and mixed farming, and viticulture (Supplementary
Table 4, Supplementary Figure 16). A positive trend was also observed for ovine and caprine farming. By contrast,
the lowest-risk group included FMs engaged in small animal farming, training, dressage and riding clubs, stud
farming, and rural craftsperson. Stud farming was the only farming activity exhibiting a sex difference, with male

FMs having a higher risk than females.
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367

368

369
370

372
373
374

Crop farming (e.g., wheat, comn, and industrial grower)
Mixed cattle farming

Dairy farming

Pig farming

Cow farming

Truck farming, floriculture/flower-growing

Fruit arboriculture

Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming)

Both sexes

Female

n = 317458, m = 2998

n = 31309, m= 324

n = 162906, m= 1412

n=13760, m=111

n=113244, m = 1015

n = 43684, m= 312

n =25090, m= 201

n=129013, m= 1013

=g

1.48 [1.44 - 1.57]
1.57 [1.41 - 1.76]
1.48[1.4 - 1.57]
1.39 [1.15 - 1.67]
1.22[1.14-1.3]
1.23[1.1 - 1.38]
1.24[1.1 - 1.29]

1.09 [1.02 - 1.17]

]
n=106016, m = 1238 *
|

n = 8206, m =116

n = 50385, m = 532

n=3948, m=42

n = 33603, m= 371

n = 13350, m= 122

n=7981, m=67

n = 30914, m = 396

:
%
:

1.54 [1.47 - 1.61]
1.72 [1.42 - 2.07]
1.45 [1.32 - 1.50]
1.62 [1.19 - 2.19]
1.23[1.1 - 1.37]
1.31 [1.09 - 1.57]
114 [1.04 - 1.39]

1.1 [0.99 - 1.23]

n=211442, m = 1760

n=23103, m = 208

n=112521, m = 880

n=29812,m =69

n=T79641, m = 644

n = 30334, m = 190

n=17109, m = 134

n = 89099, m =617

1.46 [1.41 - 1.51]
1.47 [1.28 - 1.68]
1.45 [1.35 - 1.56]
1.25 [0.98 - 1.58]
12[1.1-13]
1.18 [1.02 - 1.36]
1.21 [1.13 - 1.5]

1.07 [0.98 - 1.16]

Viticulture| n= 122713, m = 1169 1.07 [1.01 -1.14] n=43370, m = 492 { 1.04 [0.95 - 1.15] n=79343, m =677 1.09 [1.01 - 1.19]

Ovine and caprine farming{ n = 49061, m = 330 1.07 [0.96 - 1.2] n=17529, m= 118 + 0.95[0.79 - 1.14] n=31532,m=212 115 [1-1.32]
Wood production (e.g., lopping)] n=1143,m=55 H 1.15[0.89 - 1.5] n=303.m=2 i not calculated n=11128 m =53 H 1.23 [0.94 - 1.6]
Garden centerftree nursery n=5418 m=33 ﬁ 1.08 [0.77 - 1.53] n=1438, m=6 I—CH 0.66 [0.3 - 1.47] n=3980, m = 27 H 1.27 [0.87 - 1.85]
Poultry and rabbit farming{ n = 25863, m=124 { 0.92 [0.77 - 1.09] n= 10196, m =53 H 0.91 [0.7 - 1.19] n=15667, m=71 H 0.91 [0.72 - 1.15]

Agricultural work companies (e.g., pesticide applications, harvest reaping)| n = 15635, m =60 ﬂ 0.95[0.74 - 1.21] n=1887, m=7 H 0.77 [0.37 - 1.61] n= 13748, m =53 * 1[0.77 - 1.3]
Gardening, landscaping and reforestation companies{ n=49177, m=150 { 0.86 [0.73 - 1] n=2562, m=10 H 0.91 [0.49 - 1.69] n=46615, m =140 { 0.92 [0.78 - 1.09]

I
Unspecified large animal farming (e.g., ostrich, llama) n=3020,m=16 |:0| 1.14[0.7 - 1.87] n=1458, m=6 H—| 0.82 [0.37 - 1.83] n= 1562, m =10 :b| 1.44 [0.78 - 2.68]
Sylviculturefforestry {e.g., thinning, pruning) n=2166, m=16 |I+| 1.1 [0.67 - 1.79] n=361,m=6 M 1.57 [0.7 - 3.49] n= 1805, m = 10 H 0.99 [0.53 - 1.84]
] I ]

Company representative/authorized representative n=1935m=9 H 1.21[0.63 - 2.33] n=1500,m=7 H 1.19 [0.57 - 2.51] n=435m=2 i not calculated
Unspecified specialized farming (e.g., herbs, mushrooms) n=6671, m=29 4] 0.84 [0.59 - 1.2] n=2438, m=9 H 0.63 [0.33 - 1.21] n=4233, m=20 +:| 0.97 [0.63 — 1.49]
Stationary sawmill (e.g., edging, trimming, decking, debarking) n=791,m=6 |-:i-| 1.23[0.55-2.73] n=5,m=0 3 not calculated n=736,m=6 ~:l-| 1.39 [0.63 - 3.1]
Shellfish farming (e.g., oyster farming, scallop aquaculture) n=3825m=12 H 0.65 [0.37 - 1.14] n=736m=3 |—H 0.71[0.23 - 2.2] n=3089,m=9 H 0.66 [0.34 - 1.27]

Salt works/salt evaporation pond n=90,m=3 |—05-| 0.58 [0.19 - 1.81] n=220,m=1 i not calculated n=T60,m=2 i not calculated
Unspecified small animal farming (e.g., frogs, snails, bees){ n=19984, m=54 Hi 0.52 [0.4 - 0.68] n=8632 m=18 H i 0.41 [0.26 - 0.65] n=11352, m =36 Hi 0.6 [0.44 - 0.83]
Stud farming n = 17269, m =53 H i 0.48 [0.37 - 0.63] n=7486, m=13 H i 0.28 [0.16 - 0.48] n=9783, m=40 Hi 0.63 [0.47 - 0.87]
Training, dressage, riding clubs n=14979, m =30 Hi 0.51[0.36 - 0.72] n=6687, m="7 |--| i 0.33 [0.16 - 0.65] n=8292,m=23 H 0.62 [0.41 - 0.94]
Rural craftsperson (e.g., mason, mechanics) n=7606, m="5 |—-| i 0.14 [0.06 - 0.34] n=283,m=0 i not calculated n=7413, m=5 |—-—| i 0.15 [0.06 — 0.36]

0.010.1 ‘Il 10 0.010.1 i 10 0.0101 1I 10

Hazard ratio

Supplementary Figure 16: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 16

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes” only), age, smoking, first year of the farm’s establishment,
median farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary
farming activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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Sensitivity analysis 17 — control of other diseases not related to farming exposure

To ensure that any observed effect may be specific to the exposure being studied (i.e., farming-related factors

potentially associated with Parkinson’s disease) and not confounded by general health or morbidity, SA17 was

restricted to farm managers (non-PD cases) with no known disease or only those with at least one of the following

health conditions:

Metabolic disorders (ICD-10 codes: E70-E88; LTI #17)

Diabetes mellitus (ICD-10 codes: E08-E13; LTI: #8)

Overweight, obesity, and other hyperalimentation (ICD-10 codes: E65-E68)
Schizophrenia (ICD-10 codes: F20-F29)

Diseases of the eye and adnexa (ICD-10 codes: H00-H59)

Diseases of the ear and mastoid process (ICD-10 codes: H60-H95)

Hypertension (ICD-10 code: 110; LTI #12)

Coronary and ischemic heart diseases (ICD-10 codes: 120-125; LTI: #3, 5 and 13)
Cerebrovascular disease (ICD-10 codes: 160-169; LTI: #1)

Avrthrosclerosis (ICD-10 code: 170)

Anemia (ICD-10 codes: D63, D64)

Gout (ICD-10 code: M10)

Psoriasis (ICD-10 code: L40)

Hepatitis (ICD-10 codes: B15-B19)

HIV (LTI #7)

Hypercholesterolemia (> 3 drug reimbursements; ATC codes: CI0AA, C10AB, C10B)
Hemoglobinopathies, chronic constitutional, or severe acquired hemolysis (LTI #10)
Hemophilias or severe constitutional disorders of hemostasis (LTI #11)

Cystic fibrosis (LTI #18)

Severe chronic kidney disease or primary nephrotic syndrome (LTI #19)
Medullary insufficiency or other chronic cytopenias (LTI #2)

Progressive idiopathic structural scoliosis (LTI #26)

Organ transplant consequences (LTI #28)

Complicated bilharziasis (LTI #4)

Chronic active liver disease or cirrhosis (LTI #6)

No known disease

In summary, SA17 aimed to ensure that the farm managers without Parkinson’s disease might exhibit other health

conditions that are unrelated to the exposure under investigation. This approach may help clarify whether the

exposure has a specific influence on Parkinson’s risk, as opposed to a general health effect that might predispose

individuals to various unrelated diseases. Nonetheless, while these unrelated diseases were carefully selected based

on expert judgment, their inclusion may have introduced other biases or confounding factors into the model that
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are challenging to evaluate. The criteria for identifying Parkinson’s disease cases remained the same as in the

primary analysis.

Results from SA17 showed that the highest-risk group included FMs engaged in dairy farming, mixed cattle
farming, pig farming, crop farming, fruit arboriculture, cow farming, truck farming, unspecified and mixed
farming, wood production, and tree nursery (Supplementary Table 4, Supplementary Figure 17). A positive trend
was also observed for ovine and caprine farming, viticulture, poultry and rabbit farming, and gardening,
landscaping and reforestation companies. By contrast, the lowest-risk group included FMs engaged in small animal
farming, training, dressage and riding clubs, stud farming, and rural craftsperson. Tree nursery, stud farming and
gardening, landscaping and reforestation companies were the only farming activities exhibiting a sex difference,

with male FMs having a higher risk than females.
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424

425

426
427

429
430
431

Crop farming (e.g., wheat, corn, and industrial grower)

Both sexes

Female

n = 208637, m = 2998

1.56 [1.51 - 1.63]

n=73427, m=1238

1.65 [1.57 - 1.72]

n=135210, m = 1760

1.54 [1.48 - 1.61]

T T
Dairy farming{ n = 57825, m = 1412 + 1.99[1.88-2.1] || n=19837, m=532 :N 1.91[1.74-2.1] || n=37988, m =880 u 1.94 [1.8 - 2.09]
1
Mixed cattle farming{ n=10752, m =324 N 2.02[1.81-226] || n=3035m=116 EH 2.25[1.87 - 2.1] n=7717, m = 208 H 1.83 [1.6 - 2.11]
1
Pig farming{ n=4102, m= 111 243 [1.76 - 2.57] n=1261, m=42 :H 2.54 [1.87 - 3.44] n=2841,m =69 -| 1.86 [1.47 - 2.36]
|
i
1
1

Fruit arboriculture

Cow farming

Truck farming, floriculture/flower-growing

Unspecified and mixed farming (e.g., polyculture, mixed farming, diversified farming)
Wood production (e.g., lopping)

Garden centerftree nursery

Ovine and caprine farming

Rural craftsperson (e.g., mason, mechanics)

n=13290, m = 201

n=49113, m=1015

n=20236, m=312

n = 59773, m= 1013

n=4322, m=55

n=1960, m=33

n = 22880, m = 330

|

1.4[1.27 - 1.54]
1.32 [1.24 - 1.41]
134[1.2-1.5]
1.16 [1.08 — 1.24]
1.39 [1.07 - 1.8]
1.45 [1.03 - 2.05]

1.1[0.99 - 1.23]

0.07 [0.03 - 0.16]

n= 4441, m=67
n=15804, m= 371
n = 6466, m =122
n = 20423, m = 396
n=168m=2
n=53m=6

n=873, m=118

n=236m=0

1.26 [1.08 - 1.49]
1.36 [1.22 - 1.51]
1.41[1.18- 1.7]
1.19 [1.07 - 1.32]
not calculated

0.94[0.42 - 2.1]

1.03 [0.86 - 1.24]

not calculated

n=28849, m=134
n=33300, m = 644
n=13770, m =190
n = 39350, m = 617
n=4154, m=53
n=1447, m =27

n=14707, m = 212

1.5[1.33 - 1.71]
1.28 [1.18 - 1.39]
13[113-1.5]
142 [1.03 - 1.21]
1.47 [113 - 1.92]
1.65 [1.13 - 2.42]

1.16 [1.01 - 1.33]

0.07 [0.03 - 0.16]

i
b
|
1
1
]
H
"
I
Viticulture{ n = 63980, m = 1169 1.04 [0.98 - 1.11] n= 24674, m= 492 1.01 [0.92 - 1.11] n = 39306, m = 677 113 [1.04 - 1.22]
Poultry and rabbit farming n=9908, m=124 1.15[0.96 - 1.37] n=73998 m=53 1.16 [0.89 - 1.51] n=5910,m=71 H 1.13 [0.9 - 1.43]
1
Gardening, landscaping and reforestation companies{ n=17728, m=150 } 1.11[0.95 - 1.31] n=1143, m=10 H 1.08 [0.58 — 2.01] n = 16585, m =140 H 1.21 [1.02 - 1.42]
Agricultural work companies (e.g., pesticide applications, harvest reaping) n =6045, m =60 k 1.05[0.82 - 1.35] n=819,m=7 H—| 0.83 [0.39-1.73] n = 5226, m =53 H 1.1[0.85 - 1.43]
Sylviculture/forestry (e.g., thinning, pruning) n=1151, m=16 H 1.13[0.69 - 1.84] n=230,m=46 H¢-| 1.67 [0.75-3.72] n=921, m=10 H 1.01 [0.54 - 1.88]
Stationary sawmill (e.g., edging, trimming, decking, debarking) n=340,m=6 }-:p-| 1.44 [0.65 - 3.2] n=29,m=0 i not calculated n=311,m=6 }-EO-{ 1.63 [0.73 - 3.62]
] ] ]
Company representativelauthorized representative n=1027, m=9 |-:»| 1.13[0.59 - 2.18] n=776.m=7 H 113 [0.54 - 2.38] n=251,m=2 E not calculated
Unspecified specialized farming (e.g., herbs, mushrooms) n=3502, m=29 H 0.83[0.58 - 1.18] n=1325m=9 H 0.6 [0.31 - 1.16] n=2177, m=20 |+| 0.99 [0.64 - 1.51]
Unspecified large animal farming (e.qg., ostrich, llama) n=18%2, m=16 H 0.93 [0.57 - 1.52] n=957, m=46 }—o:~| 0.62 [0.28 - 1.38] n=2935m=10 H 1.27 [0.69 - 2.37]
Shellfish farming (e.g., oyster farming, scallop aquaculture) n=2124, m=12 H 0.6 [0.34 - 1.05] n=37.m=3 |—¢H 0.74 [0.24 - 2.28] n=1747,m=9 H 0.61 [0.31 - 1.16]
Salt works/salt evaporation pond n=54,m=3 }—04:-| 0.49 [0.16 - 1.51] n=152,m=1 i not calculated n=402,m=2 i not calculated
Training, dressage, riding clubs n=5413, m=30 H 0.63 [0.45 - 0.9] n=2178, m=7 H 0.46 [0.23 - 0.92] n=3235m=23 H 0.75 [0.5 - 1.13]
Unspecified small animal farming (e.g., frogs, snails, bees) n=13276, m =54 H 0.4[0.31 - 0.52] n=6248 m=18 H i 0.27 [0.17 - 0.43] n=7028, m =36 Hi 0.52 [0.38 - 0.72]
Stud farming n=10679, m =53 H 0.4[0.3-0.52] n=4161, m=13 H i 0.25[0.15 - 0.43] n=6518, m =40 Hi 0.51[0.38 - 0.7]
i i
i ;

n=7164, m=5 H

n=6928, m=5 |--|

00101

10

00101 1

10

Hazard ratio

Supplementary Figure 17: Farming activities and risks of Parkinson’s disease, TRACTOR project, 2012-2016 — sensitivity analysis 17

Multivariable Cox regression models for Parkinson’s disease according to each agricultural activity (y-axis) are displayed when the number of exposed cases was sufficient (m > 3). The hazard
ratio is represented by a point (x-axis), while error bars represent the 95% confidence interval. The red error bars refer to a higher risk of Parkinson’s disease while the green error bars represent a
lower risk of Parkinson’s disease. The black error bars indicate situations where there is no difference in risk of Parkinson’s disease among the farm managers engaged in the considered activity
compared to the population of farm managers not performing the considered activity. All analyses were adjusted for sex (for “both sexes” only), age, first year of the farm’s establishment, median
farm surface, number of associates, unemployment status, total number of farms, family status, partner work status, farm location, number of comorbidities, and performing a secondary farming
activity. n, number of exposed farm managers; m, number of exposed Parkinson’s disease cases.
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