
HAL Id: hal-03287348
https://hal.science/hal-03287348v1

Submitted on 9 May 2023

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY-NC 4.0 - Attribution - Non-commercial use - International
License

Pesticides expenditures by farming type and incidence of
Parkinson disease in farmers: A French nationwide study
Laëtitia Perrin, Johan Spinosi, Laura Chaperon, Sofiane Kab, Frédéric Moisan,

Alexis Ebaz

To cite this version:
Laëtitia Perrin, Johan Spinosi, Laura Chaperon, Sofiane Kab, Frédéric Moisan, et al.. Pesticides expenditures
by farming type and incidence of Parkinson disease in farmers: A French nationwide study. Environmental
Research, 2021, 197, ⟨10.1016/j.envres.2021.111161⟩. ⟨hal-03287348⟩

https://hal.science/hal-03287348v1
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


1 

Pesticides expenditures by farming type and incidence of Parkinson disease 

in farmers: a French nationwide study 

Authors 

Laëtitia Perrin1, Johan Spinosi2, Laura Chaperon2, Sofiane Kab3, Frédéric Moisan2, Alexis 

Elbaz1,2 

Job titles 

Laëtitia Perrin: Research Engineer 

Johan Spinosi: Agronomic Engineer 

Laura Chaperon: Agronomic Engineer 

Sofiane Kab: Research Engineer 

Frédéric Moisan: Epidemiologist 

Alexis Ebaz: Senior researcher in neuro-epidemiology 

Affiliations 

1 Paris-Saclay University, Paris-Sud University, UVSQ, Center for research in Epidemiology 

and Population Health (CESP), INSERM-U1018, Paul Brousse Hospital, Villejuif, France  

2 Santé publique France, The French Public Health Agency, Direction santé environnement 

travail, Saint-Maurice, France  

3 Population-based Epidemiological Cohorts Unit, Inserm, UMS011, Villejuif, France 

Corresponding author: Alexis Elbaz, PhD. Center for research in Epidemiology and 

Population Health (CESP), INSERM-U1018. Hôpital Paul Brousse, Bâtiment 15/16, 16 

avenue Paul Vaillant Couturier, 94800 Villejuif, France. Phone: +33 1 45 59 53 70. E-mail: 

alexis.elbaz@inserm.fr 

Word count: 5,000 

Tables: 1 

Figures: 4 

References: 55 

Supplementary material: 6 tables and 2 figures 

Running Head: Pesticides expenditures and Parkinson’s disease 

Keywords: Parkinson’s disease, incidence, type of farming, pesticides expenditures, farmers 

© 2021 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S0013935121004552
Manuscript_914993f2d90e9c2f2bf33dec31b543e5

https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0013935121004552


2 

  

ABSTRACT 

Background: Professional pesticides exposure is associated with PD risk, but it remains 

unclear whether specific products, which strongly depend on farming type, are specifically 

involved. We performed a nationwide ecological study to examine the association of 

pesticides expenditures for the main farming types with PD incidence in French farmers 

Methods: We used the French National Health Insurance database to identify incident PD 

cases in farmers (2010-2015). We combined data on pesticides expenditures with the 

agricultural census to compute pesticides expenditures for nine farming types in 2000 in 3,571 

French cantons. The association between pesticides expenditures and PD age/sex standardized 

incidence was examined using multilevel Poisson regression, adjusted for smoking, 

neurologists’ density, and deprivation index. 

Results: 10,282 incident PD cases were identified. Cantons with the highest pesticides 

expenditures for vineyards without designation of origin were characterized by 16% (95% 

CI=6-28%) higher PD incidence (p-trend corrected for multiple testing=0.006). This 

association was significant in men and older farmers. There was no association with 

pesticides expenditures for other farming types, including vineyards with designation of 

origin.  

Conclusions: PD incidence increased significantly with pesticides expenditures in vineyards 

without designation of origin characterized by high fungicide use. This result suggests that 

agricultural practices and pesticides used in these vineyards may play a role in PD and that 

farmers in these farms should benefit from preventive measures aiming at reducing exposure. 

Our study highlights the importance of considering farming type in studies on pesticides and 

PD and the usefulness of pesticides expenditures for exposure assessment.  
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INTRODUCTION  

Parkinson disease (PD) is the second most common neurodegenerative disease after 

Alzheimer’s disease and the neurological disease with the largest increase in age-standardized 

prevalence between 1990-2015 (GBD, 2017). PD etiology is considered as multifactorial, and 

involves both genetic susceptibility and environmental factors (Ascherio and Schwarzschild, 

2016). 

Among environmental risk factors, professional pesticides exposure is associated with 

increased PD risk, but it remains unclear whether specific products are more specifically 

involved due to their large variety and changes over time (van der Mark et al., 2012). Some 

studies have highlighted herbicides (e.g., rotenone, paraquat), insecticides (e.g., 

organochlorines), and fungicides (e.g., maneb) (Nandipati and Litvan, 2016; Tanner et al., 

2011). Most studies used self-reported information to assess exposures, with different levels 

of detail ranging from a simple occupational history to information on pesticide names, 

frequency of use, or protective equipment (Elbaz et al., 2009; Moisan et al., 2015; Tanner et 

al., 2011). Self-report is prone to recall bias and can induce exposure misclassification and 

bias association estimates for several reasons (Blair et al., 2011): PD mainly occurs after 

retirement, and farmers have used a large variety of pesticides over a long period of time, 

often in association, making it also difficult to disentangle their effect; in addition, PD is 

characterized by some degree of cognitive impairment that may lead to differential recall 

(Bocanegra et al., 2014). One meta-analysis showed that studies that used job titles in 

combination with expert judgment or job-exposure matrices yielded stronger associations than 

studies based on self-reported exposures, thus suggesting that exposure misclassification may 

play a role (van der Mark et al., 2012). 

 Few studies used pesticides expenditures to assess pesticide exposure. This approach 

is not hampered by recall bias and allows to examine dose-response relationships. It was used 

to study congenital abnormalities (Froes Asmus et al., 2017; Markel et al., 2015; Schwartz 

and LoGerfo, 1988), human reproductive system disturbances (Koifman et al., 2002), and 

cancers (Chrisman Jde et al., 2009). To the best of our knowledge, only three studies used this 

approach to examine the association of pesticides with PD. In rural areas of Quebec (Canada), 

PD prevalence was correlated with pesticide sales (Barbeau et al., 1987). Based on California 

(US) pesticide use reporting data, PD mortality was higher in counties with highest pesticide 

use per square mile (Ritz and Yu, 2000). In Andalusia (Spain), districts with high pesticide 

sales were characterized by increased PD prevalence (Parron et al., 2011). These studies 
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focused on the general population rather than on farmers or agricultural workers. In addition, 

expenditures and pesticides types differ considerably by type of crops. For instance, vineyards 

mainly use fungicides, while cereal crops use both fungicides, herbicides, and insecticides, 

but with lower frequency and intensity. Therefore, crops can contribute to an indirect 

assessement of exposure to pesticides (Kab et al., 2017b; Moisan et al., 2011b). However, 

previous studies did not take into account the target of pesticides.  

France is the first European consumer of pesticides, with expenditures of ~3 billion 

euros in 2000 (Butault et al., 2011). After accounting for the number of hectares cultivated, it 

ranks fourth, behind Portugal, The Netherlands, and Belgium (Cemagref, 2011). We 

performed a nationwide ecological study to examine the association between pesticides 

expenditures for the main farming types in 2000 with PD incidence (2010-2015) in French 

farmers.  
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MATERIALS AND METHODS 

PD cases 

The French National Health Insurance database (Système National des Données de Santé, 

SNDS) contains individual-level information on health care reimbursements and 

sociodemographic characteristics, including age, sex, place of residence, and health insurance 

scheme, for >97% of the French population. Information on health care reimbursements 

include consultations, medical tests, and drug claims. The latter include type of drugs, 

purchase date, number of boxes, medication dosage, and specialization of the prescribing 

physician.  

We identified all persons with at least one antiparkinsonian drug reimbursement 

between 2009-2015, and excluded those <20y, women <50y reimbursed for bromocriptine 

alone (lactation suppression), persons only on anticholinergics and neuroleptics (drug-

induced-parkinsonism), and those not living in metropolitan France. We used an algorithm to 

identify PD cases that was previously validated against a neurological diagnosis (Moisan et 

al., 2011a). The validation study was based on 1,114 participants (320 with PD, 794 without 

PD) who used antiparkinsonian drugs. This algorithm allows to estimate the probability that a 

person is treated for PD based on the annual pattern of antiparkinsonian drugs use (levodopa, 

dopamine agonists, selegiline/rasagiline, piribedil, anticholinergics, COMT inhibitors), 

proportion of time treated, number of neurologist/general practitioner’s visits, and sex. We 

used the Youden index to identify the probability cutoff that maximized sensitivity (92.5%) 

and specificity (86.4%) of the algorithm; antiparkinsonian drug users for whom the algorithm 

estimated a probability above this cutoff were considered as having PD. Incident cases a 

given year were persons identified by the algorithm that year and who did not have 

antiparkinsonian drugs reimbursements the previous year. 

For these analyses, we identified persons affiliated with the Mutualité Sociale Agricole 

(MSA). It guarantees health insurance (including after retirement) for farmers, other 

agricultural workers, and their spouses if unemployed. In 2015, the MSA covered ~3.3 

million people (5% of the French population; 42% farmers, 58% workers). The workers group 

is a heterogeneous one that includes farm workers (38%) and workers in agricultural 

cooperatives (16%), administrations (28%) and workers in other areas such as forestry work 

and green spaces maintenance (18%) (MSA, 2016). A MSA 2010 survey reported that 25% of 

workers group (farm, cooperatives, administration and others workers) was exposed to 
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pesticides, with around less 50% for agricultural and of green spaces maintenance workers 

(MSA, 2015). We were able to distinguish farmers from workers, but different types of 

workers could not be differentiated. Therefore, as the workers group is very heterogeneous, 

we restricted our analyses to farmers (i.e., farm owners). 

Agricultural census 

We used data from an exhaustive agricultural census carried out in France by the Ministry of 

Agriculture that takes place every ~10y (Agreste, 2014). Since data on pesticides expenditures 

were available starting on year 2000, we used the 2000 agricultural census to allow for a 

latency period ≥10y between exposure assessment and PD incidence. 

In the European Union, farms are classified according to their main farming type. A 

farm is considered to be specialized in a type of farming, if the standard gross production 

related to that type exceeds two thirds of the farm’s total standard gross production (Insee, 

2016). The standard gross production is the production value per hectare or animal head. This 

classification includes 17 farming types (cereals, general crops, fresh vegetables, flowers and 

ornamental plants, vineyard with designation of origin, vineyards without designation of 

origin, permanent crops, mixed crops, cattle milk, beef cattle, mixed cattle, sheep and goats, 

granivore, mixed livestock with herbivore orientation, mixed livestock with granivorous 

orientation, general crops and herbivore, mixed crops and mixed livestock). 

Data were available at the canton-level and included the number of farms for each 

farming type and the corresponding area or number of animals. Data on pesticide use are not 

collected in the agricultural census. 

Annual pesticides expenditures 

Data came from the Farm Accountancy Data Network (Agreste, 2018). Since 2000, member 

states of the European Union carry out an annual survey on a sample of representative farms 

in terms of region, farming type, and economic size. Although farms of small economic size 

are not included, the sample covers about 90% of the total agricultural area and agricultural 

production after sampling weights are taken into account. Data include detailed information 

on location (region), agricultural activities, and economic and financial information (e.g., 

value of production of the different crops, sales, purchases) that are used to define farming 

type (as in the agricultural census). For each farm, pesticides expenditures are available 



7 

  

globally, i.e., they are not available for each crop. As for the agricultural census, we used data 

for France in 2000. 

Pesticides expenditures for farms specialized in livestock were considerably lower 

than for other farming types (less than 100 Euros per hectare) and were similar for different 

types of animals; in order to reduce the number of variables included in the models from 17 to 

9 farming types, we grouped together all types of livestock (cattle rearing – specialist 

dairying; cattle rearing and fattening;  cattle-dairying,  rearing and fattening combined; sheep, 

goats and other grazing livestock; granivores; mixed livestock, mainly grazing livestock; 

mixed livestock, mainly granivores; field crops-grazing livestock combined; various crops 

and livestock combined). Alternatively, the two types of vineyards were kept separately 

because their expenditures were very different. According to European rules, vineyards with a 

designation of origin are those that originate in a specific geographical location and produce 

wine whose qualities and characteristics are essentially due to their region of provenance and 

production method. European wine producing countries have established legal frameworks to 

guarantee the quality and origin of these wines. Vineyards without a designation of origin 

correspond to other vineyards. 

Annual pesticides expenditures for each farming type in French cantons were 

determined in two different ways: 

- The first approach (“regional expenditures”) was based on expenditures at the regional level. 

In 22 administrative regions, we determined the weighted median pesticides expenditures per 

hectare for 9 farming types (cereals, general crops, fresh vegetables, horticulture, vineyards 

with a designation of origin, vineyards without designation of origin, permanent crops, mixed 

crops, livestock). Medians were calculated in each region when there were ≥10 farms with the 

corresponding activity; if there were <10 farms, we used the median national value. 

Expenditures were based on regional data for 94.2% of the farms, and on national data for the 

remaining 5.8%. We then estimated pesticides expenditures in farms from French cantons for 

each farming type by multiplying the corresponding median expenditures per hectare by the 

average agricultural area of these farms in each canton.  

- In a second approach (“national expenditures”), we took into account farms’ size as it can 

influence pesticides expenditures per hectare. For each farming type, we first performed a 

weighted linear regression of pesticides expenditures on the agricultural area of the farms. 

These analyses were performed at the national level in order to include a sufficient number of 

farms after removing outliers (Blatná, 2006). We then used the intercept and slope of these 

models to calculate the average pesticides expenditures per hectare for each faming type in 
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French cantons, using the agricultural area of these farms as explanatory variables. These 

values were again multiplied by the average agricultural area of each type of farming to 

obtain average pesticides expenditures per farm for each type of farming in each canton.  

For both approaches, the annual average total pesticides expenditures by farms from a 

canton was calculated by summing expenditures for each type of farming (expenditures 

multiplied by the agricultural area of these farms) divided by the total number of farms in the 

canton. 

PD incidence rates and standardized incidence ratios 

The number of incident cases (corrected for sensitivity/specificity of the algorithm) was 

computed by sex/5y age groups in each canton according to the place of residence at the time 

of the first antiparkinsonian drug reimbursement (Couris et al., 2002). In 2000, there were 

3,689 cantons in France, with an average area of 149km². Between 2010-2015, the average 

number of farmers in each canton was of 261. Since 118 out of 3,689 cantons had no 

agricultural area, analyses were therefore restricted to 3,571 cantons. 

We estimated the number of farmers and the corresponding person-years (by sex/5y 

age groups), based on the number of farmers with any health-related expense. Analyses were 

restricted to persons ≥55y because we previously showed that most persons in this age group 

have at least one health expense per year (correlation with the true number of person-

years=0.97; P < 0.001). Below this age, health contacts may be less frequent which would 

lead to overestimate incidence (Kab et al., 2017a). In addition, PD is very rare below that age 

Incidence rates were computed by dividing the number of incident cases by the corresponding 

number of person-years. 

To estimate age/sex standardized PD incidence ratios (SIR) in each canton, we used 

indirect standardization (reference=age/sex-specific French incidence rates). 

Statistical analysis 

We examined the association between pesticides expenditures and PD incidence among 

farmers using multilevel Poisson regression with a random intercept per canton and estimated 

incidence rate ratios (IRR) and 95% confidence intervals (IC). Analyses were performed 

separately for regional and national expenditures.  

We first examined the association of total expenditures with PD incidence. We then 

included pesticides expenditures for different farming types. Expenditures were included in 



9 

  

the models as categorical variables (quintiles); cantons without any expenditure were included 

in the first quintile. We examined dose-effect relations and tested linear trends by including 

ordinal variables whose levels were the medians of quintiles divided by 1-standard deviation 

(SD). Models were adjusted for smoking, neurologists’ density, and deprivation (covariates 

described in Supplementary methods). All covariates were defined at the canton level. 

Sensitivity analyses stratified by sex were performed, because men and women have 

different exposure levels. Second, we stratified analyses by median age at PD incidence (55-

74/≥75y) because PD etiology may depend on age. For males and the younger group, we used 

Poisson regression without random intercept because of small inter-canton variability. We 

tested interactions by comparing RRs for 1-SD (Altman and Bland, 2003). Third, to rule out a 

potential bias due to under-ascertainment of PD in the oldest age group, we restricted the 

analyses to the 75-89 years age group. Fourth, we combined the two types of vineyards in a 

single variable. 

Third, models were adjusted for UV-B and vitamin D supplementation. Fourth, as the 

proportion of cantons without incident PD cases was >20% in some strata, we used binomial 

negative regression to estimate IRRs. 

To take into account multiple comparisons, we used the false discovery rate (FDR) 

and computed p-values adjusted for multiple testing (q-values) for the trend and interaction 

tests (Benjamini and Hochberg, 1995; Storey, 2003). 

All tests were two-sided and p-values <0.05 considered significant. Statistical analyses 

were conducted with SAS 9.4 (SAS Institute, Inc., Cary, NC, USA). 

 

 

RESULTS 

The algorithm identified 17,322 persons as newly treated for PD and affiliated with the Mutualité 

Sociale Agricole. After correction for the sensitivity and specificity of the prediction model, we 

identified 14,661 incident PD cases. Of these, 200 did not live in metropolitan France, 417 were <55y, 

3,740 were workers, and not farmers, and 22 lived in cantons without agricultural area. Finally, we 

retained for our analyses, 10,282 incident PD cases among farmers aged ≥55y. There were no 

incident cases in 654 (18.3%) cantons and the median number of cases in the remaining 2,917 

cantons was 2.5 (range=1-24). Supplementary Table 1 presents incidence rates. 

Supplementary Figure 1 shows the spatial SIRs distribution. 
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There was considerable heterogeneity in median pesticides expenditures per hectare 

across farming types (Table 1): the five types with largest expenditures were fresh vegetables, 

vineyards with designation of origin, permanent crops, horticulture, and vineyards without 

designation of origin. Supplementary Table 2 presents median regional expenditures. The 

regression coefficients from the regression of national pesticides expenditures per hectare on 

the area devoted to farming types (Table 1) show that expenditures decreased significantly 

when the area increased for fresh vegetables, vineyards with designation of origin, permanent 

crops, and vineyards without designation of origin, and increased for cereals and livestock. 

Figure 1 show the spatial distribution of total expenditures and expenditures for each 

farming type. Correlations between expenditures for each farming type were generally weak 

(Supplementary Table 3), except moderate correlations between livestock and cereals 

(r=0.482) and between the two types of two vineyards (r=0.459).  

Figure 2 presents the associations of total pesticides expenditures with PD incidence 

in French farmers (regression coefficients in Supplementary tables 4-5); Supplementary 

table 6 provides cutoffs of quintiles. Using both approaches (regional/national expenditures), 

total expenditures were not associated with PD incidence neither overall nor in stratified 

analyses. 

Regarding expenditures for farming types, PD incidence increased with increasing 

expenditures for vineyards without designation of origin, both using regional (q-trend=0.006, 

Figure 3) and national (q-trend=0.014, Figure 4) expenditures; regression coefficients are 

shown in Supplementary tables 4-5. PD incidence was 16% higher (IRRQ5=1.16, 95% 

CI=1.06-1.28) in the fifth quintile compared to the lowest for regional expenditures, and 14% 

higher (IRRQ5=1.14, 95% CI=1.04-1.25) for national expenditures. Expenditures for other 

farming types were not associated with PD.   

The relation between regional/national pesticides expenditures and PD among farmers 

was not modified significantly by sex (q-values for interaction≥0.396; Supplementary tables 

4-5). In sex-stratified analyses, however, the association of expenditures for vineyards without 

designation of origin and PD was close to significance in men (regional expenditures, 

IRRQ5=1.18, 95% CI=1.04-1.33, q-trend=0.067), but not in women (IRRQ5=1.11, 95% 

CI=0.97-1.27). No tests of linear trend were significant despite some positive associations of 

PD with mixed crops in men and livestock in women. There was also an inverse association 

in women for the fifth quintile of national expenditures for vineyards with designation of 

origin. 
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Age did not modify the association between regional/national expenditures and PD (q-

values for interaction≥0.27; Supplementary tables 4-5). In age-stratified analyses, there was 

a positive association for younger farmers in the fourth/fifth quintiles without linear trend. 

Regarding expenditures for vineyards without designation of origin, although the interaction 

was not significant, a significant association was seen in the older group only (regional 

expenditures: IRRQ5=1.18, 95% CI=1.06-1.31, q-trend=.006; national expenditures: 

IRRQ5=1.16, 95% IC=1.05-1.28, q-trend=.014), while the association in the younger age 

groups was weaker and not statistically significant (regional expenditures: IRRQ5=1.09, 95% 

CI=0.87-1.35, q-trend=.866; national expenditures: IRRQ5=1.05, 95% IC=0.85-1.29, q-

trend=.814). Finally, PD incidence was higher in younger farmers in the top quintile of 

national expenditures for livestock, but without a significant trend.  A sensitivity analysis 

restricted to the 75-89 years age group showed the same positive association between 

vineyards without designation of origin and PD (regional expenditures: IRRQ5=1.17, 95% 

IC=1.05-1.30, q-trend=.03; national expenditures: IRRQ5=1.14, 95% IC=1.03-1.27, q-

trend=.058). Analyses combining the two types of vineyards did not show a significant 

association with PD (Figure S2). 

Analyses using negative binomial regression or adjusted for UV-B or vitamin D 

yielded consistent findings (data not shown). 
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DISCUSSION 

Pesticides expenditures in 2000, regardless of farming type, were not associated with PD 

incidence in French farmers between 2010-2015. However, after distinguishing farming 

types, cantons with the highest expenditures for vineyards without designation of origin were 

characterized by a significantly higher PD incidence with a significant trend. In stratified 

analyses, this association was significant in men and above 75y. 

Two previous French studies also highlighted vineyards in relation to PD using 

alternative exposure assessment methods (Kab et al., 2017b; Moisan et al., 2015). In a 

nationwide ecologic study, PD incidence in the general population increased with the area 

devoted to agriculture, in particular in cantons with high vineyards density (Kab et al., 

2017b). This study ascertained incident PD cases from the general population between 2010-

2012 and analyses were conducted overall and after excluding MSA members (farmers and 

workers). It focused on environmental exposure rather than professional exposure using the 

area of crops in the cantons of residence as a proxy. In a case-control study (incident and 

prevalent cases identified in 2006-2007), farmers from 5 regions were interviewed about the 

crops they had grown and whether they had used pesticides for each of them; farmers who 

used pesticides for vineyards were at increased PD risk, without association for other crops 

(Moisan et al., 2015). In this study, occupational exposure was measured by in-person 

interview and PD cases were determined by neurological examination to confirm the 

diagnosis. Our findings are consistent with these studies and extend them to all incident PD 

cases in French farmers between 2010-2015. In our study, when the two vineyards were 

combined, the association was no longer significant. The large difference in expenditures 

between the two types of vineyards explains this finding: 33% of cantons with pesticides 

expenditures for vineyards without designation of origin were in the first quintile, compared 

to 5% for vineyards with designation of origin, and few vineyards without designation of 

origin were included in the fifth quintile that mostly included vineyards with designation of 

origin. 

Our findings demonstrate the importance of considering farming types to study the 

association between pesticides and PD. Type of products as well as the frequency, intensity, 

and methods of applications strongly depend on type of crops. Surveys on farming practices 

show major differences across agricultural activities, with higher pesticide use for vineyards, 

fresh vegetables, fruit or permanent crops, and flowers and ornamental plants than for other 

crops (Butault et al., 2011). In France, while vineyards represented ~3% of agricultural land 
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in 2000, they accounted for 20% of pesticides sold, of which fungicides represented 80% 

(Aubertot et al., 2005). In 2005, a wide range of active substances were used in vineyards: 

>40 insecticides and fungicides and >20 herbicides (Aubertot et al., 2005). Fungicides are the 

most widely used pesticides in vineyards, and their association with PD has previously been 

reported, both by toxicological studies showing a role of some types of fungicides 

(dithiocarbamates: maneb, ziram; carbamates: benomyl), and by epidemiological studies (Cao 

et al., 2018; Fitzmaurice et al., 2014; Pouchieu et al., 2017; Wang et al., 2011). A French 

case-control study in farmers reported an association between PD and duration of exposure to 

fungicides (Moisan et al., 2015). 

A novelty of our study is the distinction between vineyards with and without 

designation of origin. There are important differences in their practices. Pesticides 

expenditures per hectare were ~1.5 times greater for vineyards with designation of origin than 

for those without (Agreste, 2018; Aubertot et al., 2005). Fighting against pests is a quality 

guarantee for vineyards with designation of origin, which leads them to increase the number 

of applications. Moreover, the level of technical supervision is higher for vineyards with 

designation of origin than for those without and it influences methods of application (e.g., use 

of protective equipment), but also the type of products used (Aubertot et al., 2005). In 

addition, since the turnover is higher for vineyards with designation of origin, more expensive 

pesticides are used, while mineral products (e.g., sulfur, arsenic, copper) are less likely to be 

used (Viel et al., 1998). One study showed that serum heavy metals (lead, arsenic, nickel, 

zinc, manganese, copper) levels were much higher in vineyard farmers than unexposed 

individuals (Rocha et al., 2015). Heavy metals are known to exert neurotoxic effects, and 

some pesticides contain metals; for instance, maneb, a fungicide that has been associated with 

PD (Bocchetta and Corsini, 1986; Nandipati and Litvan, 2016), includes manganese. 

Exposure to manganese is associated with parkinsonism, copper is implicated in oxidative 

stress, and zinc affects lysosomal function (Montes et al., 2014; Tuschl et al., 2013). One 

study showed higher blood levels of copper and zinc in PD patients than controls (Hozumi et 

al., 2011). However, in epidemiological studies, results on the association between metals and 

PD are heterogeneous. Available studies do not support association of welding or manganese 

exposure with PD (Mortimer et al., 2012; Wirdefeldt et al., 2011). Other studies are not in 

favor of an association with cupper or zinc (Gorell et al., 1997; Lai et al., 2002). 

Alternatively, one ecological study showed higher PD incidence rates in US counties with 

high copper or manganese air concentrations (Willis et al., 2010). Finally, the median area of 

vineyards without designation of origin (2 ha, interquartile range (IQR)=0.6-8.3) is much 
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smaller than for those with designation (12 ha, IQR=5.6-20.5). Smaller farms are less 

mechanized, and involve more applications with backpack sprayers (rather than with tractors), 

leading to greater exposure during pesticide preparation/spraying. In addition, according to 

the agricultural census, vineyards with designation of origin employed more full-time workers 

(median=1.7, IQR=1.4-2.2) than those without (median=0.9, IQR=0.6-1.3). Therefore, 

farmers in vineyards with designation of origin may be less exposed than those without, in 

particular if workers engage in pesticides applications. An association between pesticides 

expenditures in vineyards with designation of origin and PD may in fact exist but we were 

unable to identify it because we only included farmers and not farm workers. 

 There were no significant differences between men and women for any farming type, 

but sex-stratified analyses showed that the association with vineyards without designation of 

origin was restricted to men with a weaker non-significant association in women. The weaker 

association and lack of significance in women may have several possible explanations: first, 

PD incidence is lower in women than men and there is less variability in PD incidence across 

cantons in women than men (data not shown); second, women in this study represent a 

heterogeneous group that includes farmers and spouses of farmers; third, there are sex-

differences in exposure levels resulting from differences in agricultural tasks, with pesticides 

mainly prepared/sprayed by men (Elbaz et al., 2009; García, 2003; Moisan et al., 2015). 

However, the difference between men and women is not large and not statistically significant 

and should not be over-interpreted.  

Regarding age-stratified analyses, the association with vineyards without designation 

of origin was present only in older farmers. This result is consistent with a previous case-

control study in farmers (Elbaz et al., 2009), and an ecologic study in the general population 

(Kab et al., 2017b). Environmental factors are likely to play a stronger role for cases with 

later onset, while genetic susceptibility may play a stronger role for younger cases (Nalls et 

al., 2015). Longer exposure in older participants may also play a role, as well as differences in 

products or application methods. For instance, older persons are more likely to have been 

exposed to organochlorines or paraquat (Elbaz et al., 2009; Tanner et al., 2011). Again, the 

difference between the two age groups is not large and not statistically significant and should 

not be over-interpreted. 

Our study’s main limitation is its ecological design. To reduce ecologic bias, we used 

data aggregated in cantons which represent relatively small areas. In addition, contrary to 

other studies based on pesticides expenditures, our study is conducted among farmers, rather 

than the general population, who represent a more homogeneous group (Barbeau et al., 1987; 
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Cremonese et al., 2014; Froes Asmus et al., 2017; Parron et al., 2011; Ritz and Yu, 2000). We 

also adjusted for a marker of deprivation, smoking, and density of neurologists, with 

associations in the expected direction. Second, incident PD cases were identified through an 

algorithm, and were not examined in-person. However, the algorithm has previously been 

validated with 92.5% sensitivity and 86.4% specificity, and we corrected incidence rates for 

these estimates (Moisan et al., 2010). Moreover, diagnostic misclassifications is unlikely to 

depend on the farming type. We were not able to collect clinical information on PD patients 

(e.g., cardinal signs, severity scales, non-motor symptoms) other than age at PD incidence and 

sex, and to examine the association between pesticides exposure and different disease 

phenotypes. Third, a minority of farmers may live and work in different cantons; this is 

unlikely to represent a major source of exposure misclassification because there is a strong 

spatial correlation for farming types since neighboring cantons usually have similar farming 

types (Supplementary Figure 3). Fourth, we were unable to account for migration, and 

assumed that individuals lived in the same cantons in 2000 and 2010-2015; this is unlikely to 

represent a major issue for several reasons. We previously showed that the annual rate of 

migration from one canton to another was small in the general population. In a previous 

study, we excluded PD cases who moved in the 5y preceding the first reimbursement of PD 

drugs and results remained similar (Kab et al., 2017b). Moreover, farmers are less mobile than 

the general population: in 2007, 6.1% of older farmers changed municipality of residence, 

compared to around 10% for other professional sectors (Pistre, 2016). Cantons being 

geographic areas larger than the municipality (150km² vs 15km²), this percentage is even 

lower. Finally, our analyses rely on incidence data and it is unlikely that PD patients moved 

more frequently than the general population before PD onset; therefore, this bias is likely to 

be non-differential and would bias associations towards the null. Fifth, our analyses are 

restricted to farmers, and we were unable to examine associations in workers, who include a 

wide range of occupations that cannot be distinguished using SNDS data. Sixth, the latency 

period between exposure assessment and PD incidence was quite short (10-15 years), because 

detailed data on pesticides expenditures were available starting on year 2000. However, 

summary data from previous years showed that, although pesticides expenditures increased 

between 1989 and 2000, the same distinctions between crops persisted over time. In addition, 

the geographic distribution of farming types generally remains stable, in particular for 

vineyards. In a previous study, we showed a similar distribution of farming types across the 

French territory in 1988 and 2000 (Kab et al., 2017b). Therefore, cantons with high pesticides 

expenditures are likely to remain the same over time.  
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Strengths of our study include its population-based and nationwide design and large 

size, as well as analysis of incidence rather than prevalence data. We allowed for a long delay 

between exposure and disease incidence to account for a latency period. Our analyses were 

adjusted for several potential confounders. We used agricultural data covering all types of 

farming. Pesticides expenditures, as a means of assessing exposure, are not subject to recall 

bias and allow to investigate dose-effect relationships. We used two complementary 

approaches to define pesticide expenditures. While the “regional” approach takes into account 

that pesticides use depends on regions, the “national” approach takes into account the effect 

of the farms’ area on pesticides expenditures. Both approaches yielded consistent findings for 

vineyards without designation of origin. 

 PD incidence in French farmers was higher in cantons with higher pesticides 

expenditures for vineyards without designation of origin. This result suggests that pesticides 

used in these vineyards and/or agricultural practices may play a role in PD and that farmers in 

these farms should benefit from preventive measures aiming at reducing exposure. Additional 

studies are needed in these farmers to determine which specific products that they are exposed 

to and to define real-life exposure scenarios relevant for PD (Tsatsakis et al., 2019). Our study also 

highlights the importance of considering farming type in studies on pesticides and PD and the 

usefulness of pesticides expenditures for exposure assessment. 
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Table 1. Annual pesticides expenditures by farming type (Agreste) 

 

  
National median in 

Euros per hectare 

National mean in 

Euros per hectare 
Regression on areaa 

Farming type ( IQR) (SD) Intercept (SE) Slope (SE) 

Cereals1 120 (61) 122 (288) 126 (1) 19 (6)* 

General crops2 162 (85) 178 (678) 170 (3) -7 (16) 

Fresh vegetables3 626 (1,336) 824 (9,514) 877 (62)  -1,226 (284)* 

Horticulture4 322 (850) 426 (2,192) 723 (63) -251 (420) 

Vineyards with designation of origin5 512 (559) 1,091 (6,671) 647 (15)  -1,156 (101)* 

Vineyards without designation of origin6 313 (193) 202 (1,815) 333 (7)  -177 (52)* 

Permanent crops7 327 (499) 46 (346) 425 (17)  -327 (83)* 

Mixed crops8 144 (103) 727 (4,925) 167 (9) -107 (60) 

Livestock9 34 (57) 327 (1,220) 40 (1) 22 (4)* 
 

IQR= interquartile range, SD, standard deviation, SE= standard error. 
a We regressed pesticides expenditures (PE) per hectare for each type of farming on the average agricultural area of the farms with that type of farming 

(A, in hectares) (PE = Intercept + Slope × A). Positive slopes indicate that average pesticides expenditures per hectare for a given type of farming increase 

with the area of farms devoted to that type of farming, while negative coefficients indicate the opposite. 
* p< .05. 
1 Including cereals, oilseed and protein plants, rice. 
2 Including field crops, root crops, cotton, tobacco. 
3 Including outdoor and under glass fresh vegetables, mushrooms. 
4 Including outdoor and under glass flowers and ornemental plants. 
5 Including quality wine with label. 
6 Including wine other than quality, table grapes. 
7 Including fruits, citrus fruits, nuts. 

8 Including field crops and horticulture, field crops and permanent crops, field crops and vineyard, horticulture and permanent crops, mixed crops. 
9 Including cattle rearing – specialist dairying; cattle rearing and fattening;  cattle-dairying,  rearing and fattening combined; sheep, goats and other grazing 

livestock; granivores (e.g. pigs, poultry); mixed livestock, mainly grazing livestock; mixed livestock, mainly granivores; field crops-grazing livestock 

combined; various crops and livestock combined.   
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Figure 1. Spatial distribution of annual regional pesticides expenditures for all farming types combined (total) and each farming type in French 

cantons (2000). 
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Figure 2. Association of annual pesticides expenditures (1a. regional, 1b. national) with Parkinson’s disease incidence in 

farmers from French cantons (2010-2015). 

 

 

 

 

Incidence rate ratios are plotted at the median of each quintile. 
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Figure 3. Multivariable association of annual pesticides regional expenditures for nine farming types with Parkinson’s disease incidence in 

farmers from French cantons (2010-2015). 

 

Incidence rate ratios are plotted at the median of each quintile. 

Test of linear trend: p-values non-adjusted for multiple comparisons; q-values adjusted for multiple comparisons using a false discovery rate 

(FDR) approach. 
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Figure 4. Multivariable association of annual pesticides national expenditures for nine farming types with Parkinson’s disease incidence in 

farmers from French cantons (2010-2015). 

Incidence rate ratios are plotted at the median of each quintile. 

Test of linear trend: p-values non-adjusted for multiple comparisons; q-values adjusted for multiple comparisons using a false discovery rate 

(FDR) approach. 






